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OPTOMETRY:   
THE PRIMARY EYE CARE PROFESSION 

 
Doctors of optometry are independent primary health care providers who 
examine, diagnose, treat, and manage diseases and disorders of the visual 
system, the eye, and associated structures as well as diagnose related 
systemic conditions. 
 
Optometrists provide more than two-thirds of the primary eye care 
services in the United States.  They are more widely distributed 
geographically than other eye care providers and are readily accessible 
for the delivery of eye and vision care services.  There are approximately 
36,000 full-time-equivalent doctors of optometry currently in practice in 
the United States.  Optometrists practice in more than 6,500 communities 
across the United States, serving as the sole primary eye care providers 
in more than 3,500 communities. 
 
The mission of the profession of optometry is to fulfill the vision and eye 
care needs of the public through clinical care, research, and education, all 
of which enhance the quality of life. 
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NOTE:  Clinicians should not rely on the Clinical 

Guideline alone for patient care and 
management.  Refer to the listed references 
and other sources for a more detailed analysis 
and discussion of research and patient care 
information.  The information in the 
Guideline is current as of the date of 
publication.  It will be reviewed periodically 
and revised as needed. 
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INTRODUCTION 
 
Optometrists, through their clinical education, training, experience, and 
broad geographic distribution, have the means to provide effective 
primary eye and vision care for a significant portion of the American 
public and are often the first health care practitioners to diagnose 
glaucoma. 
 
This Optometric Clinical Practice Guideline for the Care of the Patient 
with Open Angle Glaucoma is designed to provide optometrists with 
appropriate examination and treatment protocols to reduce the risk of 
visual disability from primary open angle glaucoma through timely 
diagnosis, treatment, patient education, and, when necessary, referral for 
consultation with or treatment by another health care provider.  This 
Guideline will assist optometrists in achieving the following goals: 
 
 Identify patients at risk of developing open angle glaucoma 
 Accurately diagnose open angle glaucoma 
 Improve the quality of care rendered to patients with open angle 

glaucoma 
 Minimize the damaging effects of open angle glaucoma 
 Preserve the gains obtained through treatment 
 Inform and educate patients and other health care practitioners 

about the visual complications, risk factors, treatment options, and 
adverse reactions to treatments associated with open angle 
glaucoma. 
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I. STATEMENT OF THE PROBLEM 
 
Glaucoma is not a single clinical entity but a group of ocular diseases 
with various causes that ultimately are associated with a progressive 
optic neuropathy leading to loss of vision function.  About 8.4 million 
persons worldwide are bilaterally blind as a result of glaucoma 
(4,472.083 open angle glaucoma (OAG) and 3,936,241 angle closure 
glaucoma (ACG)), making it the second leading cause of bilateral 
blindness.  The number of persons with open angle glaucoma in the 
United States, estimated at 2.2 million in 2004, is expected to rise as the 
population ages, to 3.36 million by 2020.2  An estimated 130,000 
Americans are blind from glaucoma.3  It is the third most common cause 
of blindness in the United States.4-7 

 
The Baltimore Eye Survey estimated the prevalence of glaucomatous 
blindness to be 1.7 per 1,000 in the general population, of which more 
than 75 percent was due to primary open angle glaucoma (POAG).6  
Over 11 percent of all blindness and 8 percent of all visual impairment 
may be due to glaucoma.8  POAG is 6.66.8 times more prevalent and 
accounts for about 19 percent of all blindness among African Americans, 
compared with 6 percent of blindness in Caucasians.5,6  On average, it 
begins 10 years earlier in African Americans than in Caucasians.   The 
Los Angeles Latino Eye Study (LALES) has shown that older Latinos' 
risk of developing open angle glaucoma (OAG) is comparable to that for 
African Americans, starting at the age of 60.9  Information on the 
prevalence of blindness from glaucoma is inadequate because of the lack 
of a standardized definition of blindness across studies, and because not 
all blind people are included in blindness registries.8,10  Therefore, these 
estimates may be 23 times less than the true prevalence.5  Periodic 
comprehensive eye examination is the most cost-effective approach to 
detecting glaucoma in a high-risk population. 
 
A. Description and Classification of Open Angle Glaucoma 
 
Glaucoma can be classified as primary when it is not related to another 
underlying condition.  Secondary glaucoma results from another ocular 
or systemic disease, trauma, or the use of certain drugs.  The glaucomas 
can also be classified, on the basis of anatomy of the anterior chamber 
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angle of the eye, as either OAG or angle closure glaucoma (ACG).11  
This Clinical Practice Guideline focuses on OAG (see Appendix Figure 4 
for ICD-10-CM classification of OAG). 
 
1. Primary Open Angle Glaucoma 
 
POAG is a chronic, progressive disease that most often presents with 
characteristic optic nerve (ON) damage, retinal nerve fiber layer (NFL) 
defects, and subsequent visual field (VF) loss.  OAG occurs primarily in 
adults and is generally bilateral, but not always symmetrical, in its 
presentation.  The majority of persons with POAG have elevated 
intraocular pressure (IOP).  Although 21 mm Hg is considered the upper 
limit of statistically normal IOP, at least one-sixth of patients with POAG 
have IOP levels below 21 mm Hg, which is considered statistically 
normal in the 95th percentile range.4,12-14  Moreover, some whose IOP 
levels are statistically abnormal (>21 mm Hg) have no evidence of ON 
damage or loss of vision function, a condition known as ocular 
hypertension (OH).  OAG in which the IOP is below a certain level, 
typically 21 mm Hg, is known as normal tension glaucoma (NTG). 
Historically, this has also been referred to as "low tension glaucoma" 
(LTG). 
 
The elevated IOP observed in the classic presentation of POAG usually 
results from decreased outflow of aqueous fluid from the eye.  Though 
not well understood, this elevation in IOP is thought to be due to 
resistance within the trabecular meshwork.  It may be attributable to 
acceleration and exaggeration of normal aging changes in the anterior 
chamber angle, iris, and ciliary body tissues of the eye.15-17  These 
changes include loss of trabecular endothelial cells, increased pigment 
accumulation within these endothelial cells, thickening or fusion of the 
trabecular lamellae, thickening of the scleral spur, increased extracellular 
plaque material in the anterior chamber angle, and loss of ability of the 
endothelial cells lining Schlemm's canal to form giant vacuoles.18 

The etiology of glaucoma has been described as mechanical or vascular. 
The mechanical process involves compression of the axons due to 
elevated IOP.  The vascular process includes events in which reduced 
blood flow to the posterior pole leads to damage.  Whether mechanical or 
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vascular, or both, compromise of the ganglion cell axons at the level of 
the lamina cribrosa leads to apoptosis or genetically programmed cell 
death.19-21  Cellular damage activates proteins that control at least two 
key genes, one that inhibits apoptosis (bcl-2) and one that promotes cell 
death (bax).21  These genes, in turn, affect a cascade of cellular events 
that result in the death of ganglion cells. 

At least two stimuli appear to activate the process of ganglion cell 
apoptosis in glaucoma:  neurotrophin deprivation22 and glutamate 
toxicity.23  Blockage of retrograde axonal transport prevents the normal 
movement of neurotrophic factors from the brain to the ganglion cell 
body.19  These peptides normally bind to the cell surface receptors of the 
ganglion cells and stimulate molecular events that affect essential 
functions of cell metabolism.  Disruption of axonal transport 
compromises the ganglion cell and stimulates apoptosis at normal IOP; 
elevated IOP increases this response. 

Müller cells play a critical role in maintaining transport systems in the 
retina,24 by keeping the normal excitatory protein glutamate at low 
levels.25  In response to hypoxia or ischemia as a result of high IOP, 
ganglion cells’ primary response is excessive production of glutamate, 
which overrides Müller cell control.  The resulting high levels of 
glutamate overstimulate N-methyl-D-aspartate receptors, leading to a 
cascade of molecular events that result in apoptosis:25-27  Calcium 
channels in the ganglion cell membrane open up, causing an overload of 
calcium,25 which activates the enzyme nitric oxide synthase, leading to 
the formation of excessive levels of nitric oxide, and, finally, cell 
death.28-29 

Excitotoxicity, a process in which neurons are stimulated to death, 
involves mainly glutamate, although other excitatory amino acids may 
participate.25,30,31  Investigators have discovered increased levels of nitric 
oxide in the optic nerve head (ONH)32 and elevated levels of glutamate 
in the vitreous26 of patients with POAG.  Although lowering IOP may 
remove the primary mechanical or vascular insult to the ganglion cell 
axons of the retina, destruction of the surrounding tissue (secondary 
axonal degeneration) proceeds because of the creation of an excitotoxic 
environment,33-35 and the result is continuing apoptosis.  This 
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excitotoxicity may help explain why some glaucoma patients continue to 
show damage even after reduction of IOP to a level expected to control 
the disease process. 
 
2. Secondary Open Angle Glaucoma 
 
The cause of secondary OAG can be any of a variety of substances that 
mechanically block the outflow of aqueous through the trabecular 
meshwork, resulting in elevated IOP.  These substances include pigment, 
exfoliation material, and red blood cells.  Secondary OAG can also result 
from alterations in the structure and function of the trabecular meshwork, 
due to insults such as trauma, inflammation, and ischemia.11 
 
Two conditions frequently contribute to the development of secondary 
OAG. 
 
 Pigmentary dispersion syndrome (PDS).  A condition in which 

pigment is released from the back surface of the iris and is 
deposited onto structures in the anterior and posterior chambers of 
the eye, PDS causes the development of pigmentary glaucoma 
(PG) in some persons. 

 
PDS occurs when the posterior iris rubs against the zonules of the 
lens or the ciliary processes, mechanically damaging the pigment 
epithelium of the iris and releasing pigment.36  The concept of 
reverse pupillary block has been proposed to explain the anatomic 
abnormalities that lead to iris concavity, which can result in 
PDS.37,38  Reverse pupillary block may occur momentarily during 
each lid blink.39  A concave iris configuration similar to that in 
PDS can also be induced by accommodation.40 

 
A correlation between pigment release and elevated IOP with 
worsening glaucoma has been reported in patients who have PDS 
and PG.41  It has been proposed that the trabecular endothelium 
phagocytizes the pigment and damages the cells, possibly via 
cellular toxicity, and causes them to drop off the trabecular 
lamellae.  The denuded trabeculae no longer function properly and 
possibly collapse, obstructing aqueous outflow.42 
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Not everyone with excess pigment in the trabecular meshwork 
develops glaucoma.  Dense pigmentation of the trabecular 
meshwork can exist for as long as 20 years without IOP elevation 
or abnormal outflow.43  When pigment is released into the anterior 
chamber, other events ensue.  Eyes that develop elevated IOP have 
difficulty managing the excess pigment load.  PG may also be due 
to congenital abnormality of the anterior chamber,44 and it can 
exist as a variant of POAG.45 

 
 Pseudoexfoliation syndrome (PES).  The presence of “flaky” or 

“dandruff-like” grayish-white exfoliative material in the anterior 
and posterior chambers of the eye,46,47 and in the conjunctiva and 
orbit,48.49 is called pseudoexfoliation syndrome.  This material 
accumulates on the ciliary epithelium, zonules, lens, posterior iris 
epithelium, intrastromal iris blood vessels,50 anterior chamber 
angle, and corneal endothelium.51 

 
Exfoliative deposits are associated with degeneration of the ciliary 
epithelium, zonules (zonular dehiscence and lens subluxation),52 
and posterior iris epithelium (pigment dispersion, poor pupil 
dilation, posterior synechiae).51.53  The actual source of the fibrillo-
granular pseudoexfoliative material, which is similar to amyloid in 
composition,54 appears to be various basement membranes of the 
eye,55,56 including the lens capsule.57  PES may represent abnormal 
basement membrane production at multiple sites by aging 
epithelial cells,56 or it may be linked to microfibrils in the elastic 
elements of connective tissue.58 
 
Persons with PES have a higher prevalence of OAG than those 
without PES.46,47  Elevated IOP in pseudoexfoliation glaucoma 
(PEG) probably occurs because of direct mechanical blockage of 
aqueous outflow from the anterior chamber by pseudoexfoliative 
material59-63 and pigment granules, or because of dysfunction of 
the trabecular endothelium56 or high aqueous protein levels.64  
Some persons with PES maintain normal IOP, despite massive 
deposits in the trabecular meshwork,65 possibly as a result of 
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decreased aqueous production secondary to degeneration of the 
ciliary epithelium.51 

 
B. Epidemiology of Open Angle Glaucoma 
 
1. Incidence and Prevalence  
  
a. Primary Open Angle Glaucoma 
 
An estimated 2.22 million Americans have OAG,2 although at least half 
of all cases may be undiagnosed.66  Seven times more prevalent than 
ACG in western populations, 67 POAG accounts for approximately 70 
percent of all adult glaucoma cases.8  One-fourth of all cases of OAG in 
America are African American.68  Variously estimated as 0.83.0 percent 
for Caucasians, 12,13,67,69-74  the prevalence of POAG in persons over age 
40 was 1.7 percent for Caucasians and 5.6 percent for African Americans 
in the Baltimore Eye Survey.67 
 
The LALES showed the prevalence of OAG for Latinos to be 4.74 
percent and that of ocular hypertension (OH), 3.56 percent.  The 
prevalence of both OAG and OH was higher in older Latinos, with no 
gender relationships.  Latinos' risk for OAG increases significantly with 
age. The prevalence of OAG in Latinos is similar to the prevalence in 
African American among groups of persons ages 60 and older.9 
 
The Framingham Eye Study calculated the prevalence of POAG in 
people ages 5285 years as 1.65 percent.4  When VF testing was added 
to the screening of a subset of Framingham subjects, the prevalence of 
POAG rose to 2.1 percent.75  While various studies show that the 
prevalence of cases with high IOP and VF defects is consistently 
between 0.3 and 0.4 percent,8 the prevalence of NTG ranges from 0.05 to 
0.79 percent.4,13,76,77 
 
The existing data are inadequate for determination of the precise 
incidence of glaucoma,8,10 and estimates vary.  Five-year incidence rates 
for Caucasians, calculated using pooled data, translate to 4060 cases per 
100,000 persons per year at the age of 55 years and 200220 cases per 
100,000 per year at age 75.68,78  Pooling data on African Americans 
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results in estimates 4 times higher at age 55 (263 per 100,000 per year) 
and twice as high at age 75 (541 per 100,000).68  A similarly high 
incidence among blacks was confirmed by direct observation in the 
Barbados Eye Study.79  Because the prevalence of many glaucomas is 
strongly related to age, the growth of the elderly population will 
dramatically increase the incidence of the disease and the absolute 
number of persons with glaucoma who will need care in the future.  
 
The Baltimore Eye Survey found that 78 percent of people over the age 
of 40 have IOP above 21 mm Hg on a single tonometric reading.  Using 
the 1990 census, the survey provided support for the estimate that 78 
million Americans over the age of 40 have OH.13,76,77  An estimated 
0.51.0 percent of persons with OH develop evidence of ON damage per 
year80; however, the majority of those with OH will probably not develop 
glaucoma.4,12,13,81  The Ocular Hypertension Treatment Study (OHTS) has 
shown that, while this estimate may be correct, new modeling based 
upon an assessment of risk factors enables prediction of which 
individuals are at greatest risk for converting to glaucoma.  In fact, risk 
assessment shows that some individuals may have risks as great as 10 
percent per year for converting to glaucoma.82-85 
 
b. Secondary Open Angle Glaucoma 
 
 Pigmentary dispersion syndrome.  PDS occurs in about 2.5 

percent of adult Caucasians in the United States.86  It occurs less 
commonly in African Americans and Asians.  About 2060 
percent of persons with PDS develop OH; 2550 percent, PG.86,87 
Pigmentary glaucoma constitutes about 4.4 percent of all 
glaucomas86,88 and 12.5 percent of OAGs.86  PDS is usually 
bilateral and affects persons at younger ages than POAG (3050 
years).88-90  Its occurrence is most common in Caucasian males 
with myopia.87-89  In fact, about 90 percent of individuals with 
PDS are myopic.91  PDS may have an autosomal-dominant, 
multifactorial basis, suggesting the importance of family 
history.88,92,93  At least one genetic locus has been identified for 
PDS.94 
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 Pseudoexfoliation syndrome.  The prevalence of 
pseudoexfoliation syndrome varies widely throughout the world,95 
with estimates ranging from about 1.6 to 2.3 percent in persons 
over age 50 in the United States.96,97  The prevalence of PES with 
subsequent PEG increases with age, and these conditions most 
commonly occur between the ages of 60 and 80.96,97  PES is 23 
times more common in women than in men,97-99 and its prevalence 
is much lower in African Americans than in Caucasians.96,100  
Family studies are investigating several putative sites on 
chromosome 2 for genetics related to PES.101 

 
 PES has been reported to be unilateral at initial diagnosis in 5070 

percent of cases,97-99,102 a prevalence that may be overstated due to 
inadequate evaluation.102  Unilateral PES may actually occur at a 
younger age as a precursor to the involvement of both eyes.59,969 In 
1315 percent of cases of unilateral PES, involvement of the other 
eye is discovered during 1015 years of follow-up.60,103  Thus, it 
appears that unilateral PES is rare, but more often asymmetric at a 
subclinical level.103 

 
 PES is a definite risk factor for OH and OAG.59,98,99  Initial 

screening has found OH in 2230 percent of individuals with 
PES.59,104  OH develops in about 10 percent of persons who had 
PES and normal IOP at initial diagnosis. The cumulative 
probability of developing OH is 5.3 percent in 5 years and 15.4 
percent in 10 years.99  The prevalence of PES in a glaucoma 
population ranges from 1.6 to 28 percent in the United 
States.60,96,100,105,106  Among persons with PES, 30–60 percent 
reportedly develop OAG.96,104  The Early Manifest Glaucoma Trial 
(EMGT) showed that after a mean follow-up of 8.7 years, 55.1 
percent of individuals with PES and OH developed OAG, 
compared with 27.6 percent who had OH only. The glaucoma 
conversion ratio was twice as high when other factors were 
matched for individuals with PES and OH.107 
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2. Risk Factors 
 
a. General 
 
 Age.  Age is a major risk factor for the development of glaucoma.  

The prevalence of glaucoma is 410 times higher in the older age 
groups than in persons in their forties.4,13,67  In the Collaborative 
Glaucoma Study, the incidence of VF loss from glaucoma rose 
with age, from 0.7 percent in persons under the age of 40 years to 
4.8 percent in persons age 60 and over.  Damage to the ON from 
glaucoma is uncommon before the age of 50 in Caucasians, but it 
appears to occur at least a decade earlier in African Americans.108 

 
 Race.  Race is another major risk factor for POAG.  African 

Americans develop the disease earlier, do not respond as well to 
treatment, are more likely to require surgery, and have a higher 
prevalence of blindness from glaucoma than Caucasians.67,109-112  
The age-adjusted prevalence of POAG was 4.3 times greater in 
African Americans than in Caucasians in the Baltimore Eye 
Survey.67  Studies in St. Lucia113 and Barbados114 found POAG in 
716 percent of blacks over age 40.  Although the prevalence of 
NTG has been reported to be high in Asians,115 this rate may be 
influenced by the accuracy of tonometry in this ethnic group.116   
Older Latinos' risks of developing OAG are comparable to those 
of African Americans, starting at the age of 60 years.9 

 
 Family History.  The etiology of glaucoma most likely involves 

multifactorial or polygenic inheritance mechanisms.117-122  Studies 
have suggested that 1325 percent of patients with glaucoma have 
positive family histories for the disease.123-126  In close relatives of 
persons with POAG, the prevalence is 36 times that of the 
general public,117 and the incidence of the disease in first-degree 
relatives is 35 times the rate in the general population.119,120  The 
22 percent lifetime risk for glaucoma in relatives of patients with 
glaucoma is almost 10 times that of controls.127  The risk may be 
greater in siblings than in parents or children.126,127  A family 
history of glaucoma places a person with OH at greater risk of 
developing the disease.128,129  Ocular characteristics associated 

12  Open Angle Glaucoma 

 
 

with glaucoma, including IOP122,130 and the cup-to-disc (C/D) 
ratio,131 have been associated with moderate familial risk.   

 
 Mutations in transcription factor genes are responsible for 

developmental disorders associated with glaucoma.132  Although 
POAG is not an obvious developmental problem, the finding that 
adult-onset glaucoma results from mutations in the same genes 
that cause developmental defects such as juvenile glaucoma 
supports such a relationship.133  Many forms of POAG probably 
result from a combination of mutations in more than one 
gene.133,134  Among at least six major genes for glaucoma that have 
been localized,133 certain mutations have a higher incidence in 
specific types of OAG.135 

 
 POAG is not likely inherited as a single gene but rather as a 

complex trait.  More than 30 mutations of the myocilin 
(MYOC/TIGR) gene have been associated with POAG in different 
ethnic populations throughout the world.136  A myocilin gene 
mutation may be present in 35 percent of patients with 
OAG.137,138  The presence of myocilin in the ON axons and lamina 
cribrosa astrocytes suggests that the trabecular meshwork might 
not be the only target for abnormal myocilin GLC1A-linked 
OAG.136   Eventually, glaucoma treatment may involve inhibiting 
the expression of this gene.  At present, genetic counseling usually 
includes providing information about the risks for persons whose 
close relatives have glaucoma.117 

 
There is no conclusive evidence that gender is a risk factor for 
glaucoma.10,139 
 
b. Ocular 
 
 Intraocular pressure (IOP).  IOP has a strong, direct relationship 

with the prevalence and long-term risk for glaucoma.8,10,125,140  For 
persons with IOP above 21 mm Hg, the risk of developing 
glaucoma is 16 times the risk for persons with IOP below 16 mm 
Hg.4,14  Moreover, the percentage of eyes developing VF defects 
after 5 years is 6.7 percent for those with IOP over 20 mm Hg, 
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compared with 1.5 percent of eyes with IOP below 20 mm Hg.108  
Even in NTG, the higher the pressure, the greater the risk.141,142  
Asymmetric levels of IOP in individual pairs of eyes correlate 
with asymmetric damage to the ON.141,142  Lowering the IOP 
reduces the risk for ON damage.143 

 
 Long-term studies have consistently shown that a large percentage 

of persons with statistically elevated IOP (>21 mm Hg) do not 
develop glaucoma,4,12,13,76,77, 80,108,144,145 while many persons with 
glaucoma have IOP well within the statistically normal 
range.4,13,14,81  Population-based studies have demonstrated that 
one-tenth or fewer of those with elevated IOP suffer VF loss when 
monitored over several years.4,12,13,76  The incidence of glaucoma 
among persons with OH is at most 1 percent per year.80,144,145  
One-third to one-half of persons with glaucoma have IOP at or 
below 20 mm Hg at initial diagnosis.4,12,13,76,108   

 
 The Barbados Eye Study showed a relationship between baseline 

IOP and the development of glaucoma.  Among persons who 
developed glaucoma, 46 percent had baseline IOPs exceeding 21 
mm Hg.  The risk for OAG increased by 12 percent for each 1 mm 
Hg increase in IOP.  The incidence of OAG increased from 1.8 
percent for persons with baseline IOP less than 17 mm Hg to 22.3 
percent for those with baseline IOP exceeding 25 mm Hg.146 

 
 Several studies have addressed the question of which IOP 

measurement is most important—mean IOP, highest IOP 
measurement, or IOP fluctuation.  Mean IOP has consistently been 
associated with the development of glaucoma, while the data 
related to fluctuation of IOP in relation to true IOP are 
conflicting.147-149 

 
 Corneal thickness.  The OHTS showed a relationship between 

corneal thickness and the development of OAG.  Thin corneas 
were at a greater risk of developing glaucoma (hazard ratio [HR], 
1.71 for each 40 μm change in cornea thickness).83  African 
Americans had thinner corneas, and a thin cornea influenced the 
accuracy of tonometry measurement.150  The OHTS also showed 
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that, although for individuals with OH the risk of developing OAG 
is approximately 1 percent per year, those with increased central 
corneal thickness (CCT) may have a much higher risk.83  
Evaluation of each individual for key risk factors—age, IOP, 
vertical C/D ratio, VF status, and CCT—will provide a better idea 
of who is at a higher risk for OAG. 

 
  Visual field loss.  In the Malmo Ocular Hypertension Study to 

evaluate the importance of baseline risk factors for development of 
glaucomatous VF loss in patients with high-risk OH, the 
investigators randomized 90 patients to topical timolol or placebo 
treatment and observed them prospectively for up to 10 years.  
Eligibility criteria were elevated IOP, open angles, and normal 
VFs plus at least one extra risk factor (suspect disc or known disc 
hemorrhage; positive family history of glaucoma, PES, or PDS; 
diabetes; or mean IOP ≥27 mm Hg).  The researchers evaluated 
the risk factors as well as the mean baseline IOP and IOP 
fluctuation, sex, age, and blood pressure as predictors for 
development of reproducible glaucomatous VF loss.  In addition to 
the prospective data, they retrieved post-study data from patients' 
records, extending maximum follow-up to 17 years.  Thirty-seven 
patients developed glaucomatous VF loss.  Of all factors included 
in the analysis, those emerging as significant risks were disc 
appearance, older age, and higher IOP.  Suspect disc appearance 
increased the risk approximately threefold (HR, 2.90; 95% CI, 
1.34−6.30).  The hazard ratio was 1.05 (95% CI, 1.03−1.09) per 
year of age, while mean baseline IOP increased the risk in patients 
by 14 percent per mm Hg (95% CI, 1.01−1.28).  Patients with OH 
were at higher risk of developing glaucomatous VF loss in the 
presence of suspect discs, high IOP, and older age.151  

 
Various optic nerve (ON) characteristics can be considered clinically as 
both risk factors and criteria for the detection and assessment of the 
progression of glaucoma.  These features relate to the size and shape of 
the optic cup, the thickness and uniformity of the neuroretinal rim,140,152-

154 and the symmetry of the optic cups.155 
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Though potentially subject to selection bias, several studies have 
demonstrated, after adjustment for age, a twofold to fivefold higher 
prevalence of POAG in patients with myopia.128,156,157 

 
c. Nonocular 
 
 Diabetes mellitus.  The association of diabetes mellitus with the 

development of both elevated IOP and POAG has been 
controversial.139  Several studies lend support to a higher 
prevalence of OH158 and POAG159-165 in persons with diabetes, for 
whom the relative risk for POAG ranges from 1.6 to 4.7.128,166,167  
Others have found no relationship, or that the presence of diabetes 
even has a protective effect against the development of OH or 
POAG.83,108,125,129,140,158,166, 168-170 

  
 Vasospasm.  Vasospasm is one possible mechanism for, or as a 

factor contributing to, ON damage in glaucoma.171,172  This theory 
is supported by evidence of an association of NTG with migraine 
headaches and Raynaud's syndrome.173  The literature is equivocal 
on an association between systemic hypertension and 
POAG.10,125,140,158,166,167,169,174  The Baltimore Eye Survey suggested 
the complexity of the relationship between POAG and systemic 
blood pressure.175  Patient age and the duration of the hypertension 
modified the effect of systemic blood pressure on POAG.  Lower 
perfusion pressure (BP-IOP) was significantly associated with an 
increased prevalence of POAG.  Low systemic blood 
pressure,176,177 including the nocturnal dip,176,178,179 also may pose a 
risk for NTG and OAG.  The EMGT and the Barbados Eye Study 
revealed a relationship between lower systolic perfusion pressure 
and the development or progression of OAG.180,181 

  
 Perfusion pressure ratio.  A study using full-field perfusion 

analysis of scanning laser Doppler flowmetry images to compare 
ONH and peripapillary retinal blood flow in eyes with OAG and 
OH with normal eyes showed an association between reduced 
blood flow and OAG.  Neuroretinal rim flow values showed a 
significant inverse correlation with C/D ratio (P = 0.001). Mean 
neuroretinal rim blood flow was significantly higher in the 10 OH 
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patients whose C/D ratios were under 0.4 (350 ± 184 au) than in 
the 10 OH patients who had higher C/D ratios (203 ± 79 au; P = 
0.039).  Conversely, peripapillary retinal blood flow did not 
correlate significantly with any clinical parameter.  Blood flow in 
the ONH was significantly lower in the OAG patients than in the 
OH patients and normal volunteers.  The authors found no 
significant differences in ONH blood flow between patients with 
OH and normal volunteers, and peripapillary retinal blood flow 
did not differ significantly across groups.  The inverse correlation 
of neuroretinal rim blood flow and increased C/D ratio was 
significant.  Patients with OH who had higher C/D ratios 
demonstrated significantly lower rim blood flow than those whose 
C/D ratios were lower, suggesting the importance of reducing rim 
perfusion in persons with high-risk OH before the manifestation of 
VF defects.182 

 
d. Ocular Hypertension 
 
When the criterion for OH is 20 mm Hg or higher, the prevalence of OH 
increases with age, from less than 5 percent of persons under age 40 to 
20 percent or more of persons over age 70.4,14,76,77  Age-controlled data 
analysis has shown a higher prevalence of OH in African Americans than 
in Caucasians.109 
 
The general, ocular, and nonocular risk factors for POAG are 
summarized in Table 1. 
 
C. Clinical Background of Open Angle Glaucoma 
 
1.  Natural History 
 
ON damage in glaucoma has traditionally been attributed to the tissue's 
inability to continue to tolerate a certain IOP.  Initially, the axons of the 
ganglion cells of the retina are destroyed at the level of the lamina 
cribrosa scleralis.183-185  There are two theories concerning how this 
specific damage occurs.  One stresses the reduction in blood flow to the 
axons186; the other is based more on mechanical damage as the axons 
pass through the lamina cribrosa scleralis.184,187  The premise for both  



Statement of the Problem  17 

 

 
Table 1 

Risk Factors for Primary Open Angle Glaucoma 
 

General Ocular Nonocular 
 
Age  
Race 
Family history 

 
Elevated or asymmetric levels of IOP 
Diffuse or focal enlargement of cup 
   portion of optic nerve 
Diffuse or focal narrowing of neuro- 
   retinal rim 
Asymmetry of cup-to-disc ratios >0.2 
Myopia 
Central corneal thickness 
Visual field status (pattern standard 
   deviation) 
 

 
Diabetes 
   mellitus 
Vasospasm 
Perfusion 
   pressure 
   ratio 

 
hypotheses involves abnormality—either abnormal IOP or the axons’ 
abnormal susceptibility to damage when the IOP is “normal.” 
 
Untreated or inadequately treated glaucoma will progress to the point 
that loss of visual function results in disability or blindness.188,189  Once 
glaucomatous damage has occurred in one eye, the risk for damage in the 
other eye increases.190  The rate of progression varies significantly, 
depending on the IOP, the ON’s susceptibility to damage, and the 
severity of the disease.  Untreated glaucoma may cause blindness in 
315 years, depending on the IOP.189 
 
There is great variability in the susceptibility of the ON to glaucomatous 
damage.  Some persons with relatively low IOP (NTG) incur ON 
damage, while others with rather high IOP (OH) never show such 
damage.  Even with the most sensitive clinical test available, the earliest 
unequivocal indication of loss of function may not be detectable until at 
least one-fifth of the ganglion cell axons of the retina have been 
destroyed and there is a uniform 5-decibel (dB) decrease in threshold 
across the entire VF.191  The authors of a study showing a 25 percent loss 
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of retinal ganglion cells in patients for whom threshold automated 
perimetry revealed a 5-dB loss of retinal sensitivity concluded that at 
least a 2535 percent loss of ganglion cells is associated with typical 
clinical criteria for detecting abnormalities.192 

 
2. Common Signs, Symptoms, and Complications 
 
Patients in the mild or moderate stages of OAG seldom have symptoms 
or complaints.  When the disease progresses to the severe stage, some 
patients may present with symptoms or complaints related to restricted 
VF or reduced vision.  Glaucoma patients' more common symptoms, 
complications, and complaints are associated with the side effects, 
inconvenience, and cost of medications to treat the disease. 
 
3. Early Detection and Prevention 
 
There is no scientific evidence of any method of preventing OAG, nor is 
there any absolute way to predict who will develop the disease later in 
life.8  The presence of certain ocular, systemic, and general risk factors 
increases the probability that a person will develop glaucoma.  Among 
these risk factors, only IOP can be altered.8 
 
Large population screenings seem ideal for detecting diseases, such as 
OAG, that have a high prevalence, cause vision disability, and are 
asymptomatic.  Moreover, patients can benefit from early 
treatment.143,193,194  Unfortunately, techniques to screen for glaucoma lack 
the sensitivity or specificity to be effective, due to significant overlap in 
affected and unaffected individuals’ results on key clinical tests.139,193-196  
Even screening protocols using multivariate predictive models do not 
adequately distinguish between persons affected and unaffected by 
glaucoma.194  Glaucoma screening procedures may include, but are not 
limited to: 
 
 Tonometry.  Measurement of IOP is not a reliable screening 

procedure for detecting glaucoma.194,197,198  No level of IOP 
provides the necessary balance between sensitivity and 
specificity.194  Moreover, as many as one-half of persons with 
glaucoma may have IOPs below 22 mm Hg at screening,4,13,67,108 
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and most with elevated IOPs do not have, and may never develop, 
glaucoma.4,80,144,145 

 
  The EMGT showed that increased IOP fluctuation was not an 

independent factor for the progression of glaucoma.  The median 
follow-up time was 8 years (range, 0.1−11.1 years) with 68 percent 
of the patients progressing.  Follow-up of IOP and IOP fluctuation 
in the same time-dependent model showed that mean IOP was a 
significant risk factor for progression (HR, 1.11; 95% CI, 
1.06−1.17; P < 0.0001).  IOP fluctuation was not related to 
progression (HR, 1.00; 95% CI, 0.81−1.24; P = 0.999).  EMGT 
results confirm that elevated IOP is a strong factor for glaucoma 
progression:  The HR increased by 11 percent for every 1 mm Hg 
of increase in IOP.  IOP fluctuation was not an independent risk 
factor for the progression of glaucoma, a finding that conflicts with 
earlier reports.  One explanation for the discrepancy is that the 
EMGT analyses did not include postprogression IOP values, which 
would be biased toward larger fluctuations because of more 
intensive treatment.148 

 Optic nerve assessment.  Despite pronounced ON cupping in 
eyes that eventually develop glaucoma, the clinical finding of a 0.6 
C/D ratio has only about a 60 percent (41%77%) sensitivity for 
predicting which cases of OH will convert to the disease.199-201  
There is no cutoff value for the C/D ratio that would change this 
conclusion.194  Determining the C/D ratio by direct 
ophthalmoscopy is even less precise, due to intraobserver and 
interobserver variability.4,199,202  The evidence suggests even 
greater variability in assessment of the notching or width of the 
neuroretinal rim.199  The topography of the ON and configuration 
of the neuroretinal rim may be more sensitive and specific than the 
C/D ratio in the detection of glaucoma.203 

 
 The preferred method of assessing the ON and evaluating the cup 

and neuroretinal rim tissue is to use a fundus lens and 
biomicroscope to obtain a dilated-pupil stereoscopic view of the 
ON.  Using optical coherence tomography (OCT) parameters to 
facilitate identification of glaucomatous damage and evaluation of 
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differences between normal eyes, eyes with OH, and those with 
glaucoma, research showed that mean retinal NFL thickness 
around the disc and superior and inferior retinal NFL thicknesses 
were significantly less in glaucomatous eyes than in eyes with OH 
or in normal eyes (P < 0.001).  Rim parameter values were 
significantly lower in glaucomatous eyes than in normal (P < 
0.001) and OH eyes (P = 0.01).  C/D ratios were significantly 
higher in glaucomatous eyes than in OHT (P < 0.001) and normal 
(P < 0.001) eyes.  The differences between normal and OH eyes 
were significant for seven disc parameters. There were no 
differences across groups for parameters describing retinal NFL 
asymmetry between the eyes.  The average ratio of change 
(AROC) curves representing the average rate of change of the 
other NFL and disk parameters ranged from 0.741 to 0.85.  Results 
obtained using the Stratus OCT differed significantly for almost all 
NFL and disc parameters, thus clearly discriminating between 
glaucomatous and normal eyes.  Although the authors found 
significant differences between ON parameters in normal and OH 
eyes, there were no differences between their retinal NFL 
parameters.204 

 
  Evaluation of OCT findings for the detection of early glaucoma 

showed that one eye from each of 50 normal persons, 42 glaucoma 
suspects (GS), and 59 patients with early glaucoma diagnosed on 
the basis of VF defect (EGVF) met the following VF criteria:  VF 
mean deviation at least –6.00 dB, age ≥ 40 years, spherical 
refractive error ≤ 5 diopters (D), astigmatism ≤ 3 D, and visual 
acuity ≥ 20/30.  Average nerve fiber layer thicknesses (NFLT) 
were 128.4 ± 15.4, 102.0 ± 25.4, and 86.5 ± 31.5 µm in normal, 
GS, and EGVF eyes, respectively.  Normal eyes were different 
from eyes in both glaucoma groups (P < 0.001); NFLT in the 
superior quadrant and at the 11 o'clock position had the highest 
area under the receiver operating characteristic curve (0.840 and 
0.933) in the GS and EGVF groups (P = 0.03).  The sensitivity of 
OCT for detection of glaucoma was 71 percent for the GS group 
and 85 percent for the EGVF group, with specificity fixed at 90 
percent.  Although the OCT discriminates well between normal 
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eyes and those with early perimetric glaucoma, its performance is 
less adequate in eyes with suspicious discs and normal VFs.205 

 
 Photography.  Stereoscopic fundus photography is useful for 

evaluating the ON, because it reduces observer variability in 
assessment of the C/D ratio199.  However, stereoscopic fundus 
photography assessment of the horizontal or vertical C/D ratio, or 
of the narrowest neuroretinal rim width, does not achieve a 
sensitivity-specificity balance adequate for screening.194  
Photography may be of value in assessing the NFL,203 except that 
media changes common in the age groups screened for glaucoma 
diminish the quality of the photographs.193  The sensitivity and 
specificity of NFL assessment are highest when the photographs 
are of high quality.207,208 
 

 Perimetry.  The use of automated perimeters for mass screenings 
has not been practical because of the size and cost of most modern 
instruments.193  In the past, perimetry results from mass screenings 
were quite variable.209  For example, use of the Henson perimeter 
test yielded a very high number of false-positive findings for 
glaucoma in the Beaver Dam Eye Study.70 

 
Frequency doubling technology (FDT) perimetry has proven 
effective in screening for glaucoma.  The Glaucoma Advisory 
Committee of Prevent Blindness America has determined that a 
VF test to screen for glaucoma should have 95 percent specificity, 
compared with standard automated perimetry, and 85 percent 
sensitivity for moderate to advanced VF loss.210,211  
 
The sensitivity and specificity of FDT vary, depending on the 
mode of testing (screening vs. thresholding)210,211 and the severity 
of the disease in the population being tested.  For moderate and 
advanced glaucoma, FDT has sensitivity212 and specificity values 
above 90 percent for detecting glaucomatous VF loss.210,211, 213-216   

FDT sensitivity in the detection of early glaucomatous damage has 
been lower and more variable between studies.210,211,213,216 
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FDT perimetry has demonstrated better patient reliability,217 less 
intratest and intertest variability,218 and results that are comparable 
to or better than standard automated perimetry for the detection of 
glaucoma.213,217  It appears that FDT can facilitate diagnosis and 
grading of the extent of glaucoma.219 

 
Despite the availability of new technologies for NFL assessment, three-
dimensional imaging of the ON, and VF testing, periodic comprehensive 
eye examination may be the most cost-effective way to detect glaucoma 
in a high-risk population.  
 
A relevant question is whether glaucomatous damage occurs first to the 
structure of the eye (ON/NFL) or to its function (as assessed by 
perimetry).  A study seeking age-related structural and functional 
changes used pattern electroretinogram (PERG), perimetry, and retinal 
tomography to examine 34 normal subjects and 40 patients with 
glaucoma and found little difference, depending upon the scale of the test 
used.  The unit of differential light sensitivity (DLS) in perimetry is the 
decibel.  The investigators recorded transient and steady-state PERGs 
and measured peak-to-trough amplitude. Then they correlated the PERG 
amplitudes with decibel and 1/Lambert DLS for the central 18 degrees of 
the VF and with neuroretinal rim area in the temporal part of the optic 
disc.  Examination of the correlation between variables by linear and 
quadratic regression analysis revealed a curvilinear relationship between 
decibel DLS and both PERG amplitude and neuroretinal rim area, as well 
as a linear relationship between 1/Lambert DLS and PERG amplitude 
and neuroretinal rim area.  These findings support the hypothesis that 
there is no ganglion cell functional reserve but rather a continuous 
structure-function relationship, and that the impression of a functional 
reserve results from the logarithmic (decibel) scaling of the VF.220  
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II. CARE PROCESS 
 
This Guideline describes the optometric care provided to a patient with 
POAG.  The components of patient care described are not intended to be 
all-inclusive.  Professional judgment and individual patient symptoms 
and findings may have significant impact on the nature, extent, and 
course of services provided.  Some components of care may be 
delegated. 
 
A. Diagnosis of Primary Open Angle Glaucoma 
 
Although POAG is not a curable disease, early diagnosis and adequate 
treatment are effective in reducing or preventing further ON 
damage.143,153,221  The difficulty of distinguishing between eyes without 
glaucoma and eyes with early or subtle glaucoma is widely 
acknowledged.222  Furthermore, there is no unanimous opinion on what 
constitutes the first signs of damage in glaucoma.223 
 
1. Initial Glaucoma Evaluation 
 
The initial glaucoma evaluation may include the tests and procedures of 
a comprehensive adult eye and vision examination,* in addition to some 
procedures specific to the differential diagnosis of glaucoma (see 
Appendix Figure 1).224  Proper management of glaucoma requires 
longitudinal evaluation of established baseline data for important clinical 
parameters.225 
 
a. Patient History 

 
The patient history should include a thorough analysis of all general, 
familial, ocular, and nonocular risk factors for the various types of 
glaucoma.  A complete medical history, including current medication 
and known medicine intolerance and allergies, is essential.  
 
 
_________________________________________________________ 
*Refer to the Optometric Clinical Practice Guideline on Comprehensive Adult 
Eye and Vision Examination. 
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b. Ocular Examination 
 
Evaluation of a patient suspected of having OAG may include, but is not 
limited to, the following: 
 
 Visual acuity (VA).  Best corrected distance or near visual acuity, 

or both, should be measured as one indicator of the integrity of the 
central vision system. 
 

 Pupils.  Careful evaluation of the pupils should be performed to 
reveal the presence of a relative afferent defect.226 
 

 Biomicroscopy.  Assessment of the cornea and structures of the 
anterior and posterior chambers, both before and after pupillary 
dilation, should be conducted to evaluate anomalies or 
abnormalities that could cause or contribute to a secondary 
increase in IOP.  The anterior chamber depth should be estimated. 
 

 Tonometry.  Measurement of the IOP should precede pupillary 
dilation and gonioscopy.  The instrument used, as well as the time 
of day at examination, should be recorded.  Multiple measurements 
in each eye (serial tonometry) at various times of the day may help 
to evaluate diurnal variability.227  Attention should be directed 
toward differences between the IOPs of the two eyes142 and 
changes in pressure over time.228  IOP tends to rise when a person 
lies down at bedtime (assumes a supine position), and it continues 
to rise during the nocturnal hours, irrespective of the decline in 
aqueous production during this period.  IOP tends to peak around 
5:30 a.m., just before awakening.  Approximately 6 percent of IOP 
spikes occur outside traditional office hours.229 

 
 Pachymetry.  Measurement of the CCT with a pachymeter is 

indicated as part of the evaluation of the patient with glaucoma or 
the glaucoma suspect.  The examiner should perform pachymetry 
on each eye, taking three or more measurements and using the 
mean of these measurements for each eye.  IOP measurement by 
Goldmann applanation tonometry (GAT) assumes an average CCT 
of 520 µm.230   Meta-analysis of values reported in the literature 
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indicates that “normal” individuals have a significant variation in 
CCT (0.535 ± 0.031 µm),231 which could influence the accuracy of 
this measurement.  Research has indicated that the average corneal 
thickness is closer to 545 µm.  In fact, cannulation studies have 
indicated that a 10 percent change in CCT can result in a mean 
change in IOP (measured by GAT) of 13.5 mm Hg.232,233  A thick 
cornea may influence IOP measurement with non-contact 
tonometry more than with GAT.234 
 
One study evaluated whether patients with glaucoma with 
asymmetric CCT demonstrated greater VF loss in their thinner 
CCT eye than in their thicker CCT eye.235  Of the 52 subjects who 
met all criteria for study inclusion, the mean Advanced Glaucoma 
Intervention Study (AGIS)236 score was significantly higher in 
thinner CCT eyes than in thicker CCT eyes.  Subjects with higher 
AGIS scores for their thinner CCT eyes outnumbered subjects with 
higher AGIS scores in their thicker CCT eyes, with the differences 
approaching statistical significance for the full sample (P = 0.06) 
and achieving significance when the analysis was limited to 
subjects with CCT asymmetry of at least 15 µm (P = 0.001).  
Multivariate logistic regression analysis identified thinner CCT as 
the primary risk factor associated with higher AGIS scores in 
subjects with CCT asymmetry ≥15 µm. These results correspond 
to prior reports implicating CCT as an independent risk factor for 
glaucomatous VF loss. When significant CCT asymmetry is 
present in patients with glaucoma, the thinner CCT eye is at 
greater risk for more advanced VF loss.235 
 
The objective of another study, conducted in subjects whose mean 
corneal thickness was 540 µm, was to determine the correlation of 
CCT to Goldmann applanation tonometry and dynamic contour 
tonometry (DCT, PASCAL) findings, and to glaucoma stage as 
assessed by C/D ratio.  The corneal thickness values were lowest 
for African Americans and NTG patients (518 µm and 522 µm, 
respectively); their central corneas were significantly thinner than 
those of Caucasians (549 µm) and subjects with OH (564 µm).  
IOP assessed by GAT was significantly correlated with CCT 
(sample correlation coefficient [r] = 0.068, P < 0.001), whereas 
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PASCAL was not significantly associated with CCT (r < 0.001, P 
= 0.997).  There was a significant correlation (r = 0.13, P < 0.001) 
between increased IOP and the large ocular pulse amplitudes 
predominantly found in ocular hypertensive patients.  The 
investigators also detected a significant negative correlation 
between C/D ratio and CCT (r = 0.102, P < 0.001).  Thin central 
corneas are more likely to exist in patients whose glaucoma is at an 
advanced stage and among persons with NTG as well as persons of 
black African ancestry.  Underestimation of IOP by GAT could be 
a causative factor for this finding.237 
 
To evaluate the association between NTG and CCT, researchers 
studied 56 eyes in 56 subjects with NTG and 84 eyes in a group of 
84 subjects with no VF loss.  They found a significantly thicker 
mean CCT for the group with no VF loss, compared with those for 
all three groups with glaucomatous VF loss (NTG).  Multivariate 
regression analysis revealed a robust, independent, association 
between CCT and the presence of NTG-related VF loss.  
Conversely, there was no relationship between CCT and the 
severity of NTG-related VF loss.  In eyes characterized by 
statistically normal IOP (measured by GAT), there was a 
significant relationship between CCT and the presence, but not the 
severity, of glaucomatous VF loss.238 
 
Many studies have demonstrated above-average CCT in some 
individuals classified as having OH239-248 and below-average CCT 
in some patients diagnosed with NTG.240,241,244-247,249  On the basis 
of CCT, two studies reclassified 35 percent and 56 percent of cases 
of OH and 44 percent and 36 percent of those with NTG, 
respectively.241,245  One study has recommended CCT 
measurement as a way to avoid overdiagnosis of OH patients with 
thick corneas and underdiagnosis of those with thin corneas.  
African Americans may have thinner central corneas than 
Caucasians, potentially resulting in underestimation of their actual 
IOPs.250  Similarly, a decrease in CCT following in situ 
keratomileusis could result in underestimation of actual IOP.251,252 
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 Gonioscopy.  Careful evaluation of the anterior chamber angle is 
essential for differentiating between open angle and closed angle 
glaucomas, and for distinguishing primary glaucoma from 
secondary glaucomas.   
 

 Optic nerve assessment.  Examination of the ON requires 
procedures that provide stereoscopic visualization with adequate 
magnification, through a dilated pupil if clinically appropriate.  
Use of a biomicroscope with an ancillary lens is the preferred 
procedure.  A lens of 60, 66, or 78 D, or a fundus contact lens, 
enables the best stereopsis.  Evaluation of the ON includes ruling 
out other potential causes of ON atrophy and other tissue 
abnormalities that might result in VF loss similar to that caused by 
glaucoma, especially in glaucoma suspects with IOP below 
21 mm Hg. 

 
A stepwise process is often used to assess the optic disc and retinal 
nerve fiber layer in evaluating whether glaucomatous damage is 
present.  This stepwise process includes assessing the optic disc for 
size, the health of the neuroretinal rim using the “ISNT” rule, and 
whether disc hemorrhages, peripapillary atrophy, or NFL defects 
are present. The ISNT rule states that in a healthy optic disc, the 
location of the thickest rim tissue is inferior, followed by superior, 
then nasal; the thinnest rim tissue is in the temporal quadrant.  The 
significance of assessing for optic disc size is that a large disc will 
have a large C/D ratio, which may be natural for this disc size.  A 
small disc rarely has a large cup; when present, it may be a sign of 
damage.  The converse is also true in that, in the presence of a 
small disc, a low C/D ratio may be associated with glaucomatous 
damage.253  The mean disk area varies depending upon race with 
larger disk size associated with individuals of African descent.254  

The average disc size is approximately 1.96–2.42 mm2, depending 
upon the study.255,256 

 
A study to evaluate whether the ISNT rule can differentiate normal 
from glaucomatous eyes enrolled 66 subjects (33 black, 33 white) 
with normal eyes and 43 subjects (15 black, 28 white) with OAG.  
The ISNT rule was intact for 52 (79%) of the normal eyes and 12 
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(28%) glaucomatous eyes (P < 0.001).  Multiple logistic regression 
analysis yielded an odds ratio of 6.04 (95% CI, 1.74–20.95) for 
glaucoma associated with violation of the ISNT rule, after 
adjustment for age.  Race was not a confounder of this association. 
The ISNT rule is useful in differentiating normal from 
glaucomatous optic nerves and is unaffected by race.253 

 
Imaging of the ON and the retinal NFL has received increasing 
attention in the diagnosis and treatment of glaucoma.  Among ON 
and retinal NFL imaging devices, which provide quantitative 
information, no single instrument outperforms any other in 
distinguishing subjects with glaucoma from healthy control 
subjects.  Still, imaging does provide useful clinical information 
for evaluation with data from other components of the glaucoma 
examination.258 

Users of confocal scanning laser tomography (CSLT) have 
concentrated on the early identification of patients with glaucoma.  
The most beneficial application of this technology may be in the 
detection and monitoring of subtle changes in ON tissue over 
time.259  Because of significant physiological variation of the ONH 
within the normal population, it is difficult, even with an ideal 
imaging system, to identify early glaucoma accurately in a single 
session.259 

The advantages of CSLT include the ability to obtain images 
without pupil dilation,260 the use of low-intensity light, and real-
time imaging.  The major disadvantage is the dependence of 
measurements on the operator’s subjective definition of a reference 
plane.  Inflection-point analysis may help to alleviate this 
problem.261 

Despite the tendency with CSLT to overestimate the neuroretinal 
rim and to underestimate the C/D ratio,262 studies have shown that 
the parameters generated by this technology are adequate for 
discrimination between normal ONHs and those of patients with 
OH257 and early glaucoma.263,264  CSLT has a sensitivity of 89 
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percent and a specificity of 84 percent for  differentiating between 
normal eyes and those with early glaucomatous VF defects.265 

Longitudinal studies using CSLT have found that for various 
parameters measured over time, there are significant differences 
between OH and glaucoma patients with progressive VF loss and 
those with stable fields.266,267 

Optical coherence tomography (OCT) also allows the assessment 
of the ON in glaucoma.  The advantages of OCT are similar to 
those of CSLT, although the reference plane is generated by the 
instrument, subject to operator inspection.  

 
 Nerve fiber layer assessment.  The procedure for evaluating the 

integrity of the NFL is similar to that described for evaluating the 
ON.  The NFL is best visualized using digital photography or 
stereophotographic techniques with red-free illumination and high-
resolution black and white film.207,208,268  Serial NFL examination 
is more sensitive than color ON evaluation in detecting the eyes’ 
conversion from OH to POAG.  In one study, a minority of the 
eyes (about 20%) with OH that converted to glaucoma over a 5-
year period showed changes in the ON, while about 50 percent 
showed developing or worsening atrophy of the NFL.198  In 
another study, 60 percent of eyes with OH that converted to 
POAG had NFL defects at least 6 years before VF loss, and 88 
percent had NFL defects at the time of the initial VF loss.269 

 
Technology for assessing the NFL in detecting and monitoring the 
progression of glaucoma has benefited from significant advances.  
Studies have investigated the capabilities of scanning laser 
polarimetry,270-272 OCT,273-277 and scanning laser 
ophthalmoscopy278,279 in distinguishing normal and OH eyes from 
those with POAG,271,272,274-279 as well as the reproducibility of 
results obtained with these instruments.270,273  The study results are 
encouraging with respect to accurate measurement of NFL 
thickness, but whether these instruments have the sensitivity and 
specificity to detect the onset and the progression of glaucomatous 
damage remains to be determined.277  The correlations between VF 
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indices and peripapillary NFL thickness have been weak,276.278,279 
and the distribution of parameters measured by these techniques in 
normal eyes overlaps measurements made in eyes with OH or both 
OH and POAG, thereby reducing the sensitivity and the specificity 
of these tests.271,272 

 
  Peripapillary area assessment.  Atrophy of the peripapillary area 

(PPA) occurs more frequently in eyes with glaucoma than in those 
with OH or in normal eyes.280-288  IOP may not significantly affect 
the extent of PPA atrophy,281,286,289,290 but atrophy in both zone 
alpha (peripheral to zone beta) and zone beta (bordering the optic 
nerve head) is significantly more extensive in eyes with 
glaucoma.284,287  Zone beta atrophy occurs significantly more often 
in persons with glaucoma than in normal individuals,282-284,286,287 
yet the measurement of zone beta may be of limited usefulness in 
the detection or follow-up of glaucoma.280,282,291  

 
 There is a correlation between the loci of peripapillary atrophy and 

ON and VF damage.281-283,287,292,293  In the normal eye, peripapillary 
atrophy is more extensive and more frequently located in the 
temporal horizontal sector.282,284 

 
 The value of following the changes in PPA atrophy in glaucoma 

suspects or individuals with glaucoma has not been well 
established.291,294  Some studies have found a correlation between 
the progression of PPA atrophy and the progression of both 
POAG287,294,295 and NTG.286,296  Others have found no significant 
difference between the prevalence of PPA atrophy in eyes with 
progressive glaucoma and those with nonprogressive OH.200,280,291 
 
In a study of 978 eyes in 511 Caucasian subjects, investigators 
followed 548 eyes with OAG (194, NTG), 289 with OH, and 141 
without ON disease for 4.5 ± 2.4 years (median, 3.8 years; range: 
1.5–9.8 years).  After average follow-up of nearly 4 years, they 
detected enlargement of the peripapillary zone beta in 16 eyes 
(1.6% of the 978), including 15 eyes (2.7%) with OAG and 1 
(0.3%) with OH, but there was no zone beta enlargement in the 
normal eyes.  After excluding eyes with a myopic refractive error 
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exceeding –3 D, they found zone beta enlargement significantly 
more often in eyes with progressive glaucoma (5/81 or 6.2%) than 
in eyes with nonprogressive glaucoma (3/354 or 0.8%; P < 0.001).  
Peripapillary atrophy (zone beta) increased in relatively few eyes 
with chronic OAG.  In the refractive range above –3 D, zone beta 
enlargement occurred significantly more often (P < 0.001) in 
progressive glaucoma than in nonprogressive glaucoma.  In view 
of its low frequency, enlargement of zone beta may not be very 
useful as a marker for glaucoma progression.297 

 
 Fundus photography.  As a means of improving accurate clinical 

diagnosis and follow-up,298 stereoscopic fundus photography 
through a dilated pupil is preferable.  Qualitative evaluation of the 
structural features of the ON, NFL, and surrounding PPA, and of 
function (VF parameters) by direct observation and the assessment 
of photographs may offer more diagnostic precision than 
quantitative evaluation (e.g., digital imaging analysis) in 
determining the presence of structural glaucomatous damage203,299 

at the stage of early VF loss.  
 
Evidence that optic disc hemorrhages were detected more 
frequently by evaluation of digital pictures of the retina than by 
assessment of the ON,300 suggests that photographic 
documentation every 2 years is appropriate for establishing the 
baseline appearance of the ON, NFL, and the peripapillary layer, 
and that stereoscopic photography is indicated each time the ON or 
NFL changes in glaucoma suspects over time.298 
 

 Visual fields.  Measurement of threshold levels in areas of the VF 
likely to be affected by glaucomatous damage should be made by 
perimetry through a pupil of adequate size.301  The results of 
perimetry should be compared with the reference values from an 
age-matched control population and evaluated with respect to the 
probability of abnormal (glaucomatous) findings.302  The clinician 
should consider factors that can influence interpretation of the 
findings, including the patient's learning curve.303 
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c. Supplemental Testing 
 

Other procedures may be used to detect the earliest loss of visual 
function from glaucoma.  Although measurement of color vision,304-306 
contrast sensitivity, and dark adaptation, in addition to pattern 
electroretinograms and visual evoked potentials, have been thoroughly 
studied, none has proven ability to distinguish glaucoma suspects from 
individuals with POAG.307  Tonography308 and provocative testing309 are 
of little value in the diagnosis of OAG, due to their poor sensitivity and 
specificity.7 
 
Short-wavelength automated perimetry (SWAP) may be useful in 
evaluating early or subtle diseases of the ON and retina.310  A technique 
with which to isolate the blue color (short-wavelength) vision 
mechanism, SWAP appears to uncover loss of visual function earlier in 
the disease process than traditional white-on-white automated 
perimetry.311-314  SWAP facilitates prediction of future defects that white-
on-white perimetry will eventually detect.310,311,313,315  The VF defects 
found with SWAP are larger and progress more rapidly than those 
localized with white-on-white automated perimetry.311,313 
 
SWAP results, which may be predictive of which eyes with early 
glaucomatous VF loss are most likely to progress,311 correlate with 
structural changes in the ON316,317 and the NFL.314  Moreover, an 
association between the prevalence of defects localized with SWAP and 
other risk factors is predictive of the development of glaucoma in 
patients with OH.312,315  Of clinical concern, however, are the longer 
duration of testing and the fluctuation of patient responses that may 
occur with the use of SWAP. 
 
Threshold frequency doubling technology (FDT) perimetry may detect 
visual function loss when the standard white on white visual field is full.  
The changes can also be correlated with ON and NFL losses and are 
predictive of the development of glaucoma in patients with OH.318  
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2. Follow-up Glaucoma Evaluation 
 
Because the earliest detection of glaucoma may require clinical 
observation of very subtle changes in the appearance of the ON, NFL, 
PPA, or VF over several years, repeated evaluation, even within a 1-year 
period, may be needed for a definitive diagnosis.200  Continual changes in 
any one of these parameters may facilitate the first clinical recognition of 
the earliest stages of glaucoma.319 
 
The person with one or more risk factors, who has a higher probability of 
developing POAG, needs more frequent evaluation to rule out the 
presence of the earliest clinical signs of glaucoma.  This evaluation 
should be done at least yearly in the absence of complicating factors, but 
perhaps more often, depending on the person's relative risk of developing 
glaucoma.  Follow-up evaluations are based on tests and procedures 
similar to those in the initial glaucoma evaluation.  Less comprehensive 
follow-up examinations may be useful in assessing specific clinical 
parameters in glaucoma suspects. 
 
Follow-up evaluation of the patient with diagnosed OAG is similar to the 
procedure used to make the initial diagnosis of the disease.  Patients need 
to be assessed in the first 1–2 years after diagnosis to ascertain whether 
the condition is stable or progressing.  In approximately 10 percent of 
newly diagnosed patients, the OAG progresses rapidly, and such persons 
need to have their treatment regimen adjusted.  Progression can only be 
discovered by performing optic disc evaluation, imaging, and perimetry 
at least yearly and in many cases more often.180  Tests may include, but 
are not limited to the following assessments:224,320 
 
 Patient history.  In addition to a review of risk factors, the history 

should focus on changes in the patient's medical status or 
medications, side effects or adverse reactions to therapy, and 
compliance with prescribed therapy.320 
 

 Visual acuity.  Various forms of treatment for glaucoma as well as 
advanced stages of the disease can affect visual acuity. 
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 Blood pressure and pulse.  Adrenergic agonists and beta-
adrenergic-blocking agents can adversely affect blood pressure and 
heart rate. 
 

 Biomicroscopy.  Examination of the lids, conjunctiva, cornea, and 
anterior and posterior chambers is needed to detect adverse 
reactions to therapy or signs of the development of secondary 
glaucoma. 
 

 Tonometry.  Diurnal IOP curves and IOP measurements with the 
patient in the supine position321 may be needed for certain 
glaucoma patients, especially those with NTG.322,323 
 

 Gonioscopy.  To rule out the development of an angle closure 
component in the glaucoma, gonioscopy should be repeated 
periodically.  This examination is more frequently needed in 
follow-up of patients on miotic therapy or in those who show 
changes in IOP. 
 

 Optic nerve assessment.  Stereoscopic examination of the ON, 
NFL, and PPA through a dilated pupil should be performed at least 
once per year, but may be needed more frequently in cases of 
advanced glaucoma.299  Sequential stereoscopic photography or 
imaging technology can be valuable in detecting subtle changes in 
the ON or NFL.203  Visible damage to the ON can occur early in 
the disease process, before detectable VF loss.152,324  Once VF 
defects have been established, sequential perimetry may be a more 
sensitive indicator of progressive glaucomatous damage.324 
 

 Nerve fiber layer assessment.  Assessment of the NFL is similar 
to ON assessment but uses red-free illumination. The NFL can also 
be assessed with digital photography and imaging.  In the early 
stages of glaucoma, estimation of structural abnormalities from 
serial NFL photographs may be more sensitive than assessment of 
the ON.200 
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 Fundus photography.  When the patient's condition is unstable, 
stereophotography through a dilated pupil can be useful.  Digital 
imaging analysis may be a valuable alternative. 
 

 Automated perimetry.  Threshold perimetry should be performed 
at least once per year; more frequent testing may be needed for 
cases of unstable or advanced glaucoma.  Comparison of repeated 
threshold perimetry results and statistical analyses are required to 
detect the most subtle VF changes due to glaucoma.325  Three to 
five perimetric tests may be needed to show the progression of VF 
loss in glaucoma.326 
 

 Supplemental testing.  Other tests that may be performed to 
detect the progression of vision loss include color vision, SWAP, 
FDT perimetry, and contrast sensitivity. 

 
Whether glaucomatous damage is first observed with VFs or in the ON 
assessment is an important issue addressed by the OHTS researchers, 
who evaluated the association between change from baseline in the ONH 
and the VF during follow-up of OH participants.  Forty-one eyes reached 
an endpoint by both VF and optic disc criteria; 40 eyes reached only a 
VF endpoint, and 87 reached only an optic disc endpoint.  Times to reach 
isolated disc or field endpoints were similar.  VF endpoints were more 
likely (P < 0.0001) in eyes that showed any of the following ONH 
features:  ONH hemorrhage, thinning of the optic disc rim, or 
enlargement of the horizontal C/D ratio.  Optic disc endpoints were more 
likely (P < 0.0001) when eyes showed these VF features:  evidence of a 
nasal step or a partial arcuate VF defect, or an increase in the pattern 
standard deviation (PSD).  The VF and the optic disc must be monitored 
with equal diligence, because either may show the first evidence of 
glaucomatous damage.  ONH changes based on stereophotographic 
observation (rim thinning, hemorrhage, or a slight increase in C/D ratio) 
and VF changes (evidence of a nasal step/partial arcuate defect or an 
increase in PSD) suggest increased risk of developing glaucoma.  
Confirmation of such subtle findings should be sought through repeat 
testing and correlation with other clinical results.327 
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The Confocal Scanning Laser Ophthalmoscopy (CSLO) Ancillary Study 
to the OHTS evaluated whether optic disc topographic measurements are 
associated with the development of POAG in persons with OH.  Included 
in the CSLO study were 865 eyes from 438 participants who had good-
quality baseline images.  Univariate and multivariate proportional 
hazards models were used in evaluating each baseline CSLO parameter 
to determine its association with the development of POAG.  Forty-one 
eyes from 36 CSLO ancillary study participants developed POAG. 
Several baseline topographic optic disc measurements were significantly 
associated with the development of POAG in both univariate and 
multivariate analyses, including larger C/D ratio, mean cup depth, mean 
height contour, cup volume, reference plane height, and smaller rim area, 
rim area to disc area, and rim volume. 328   

In the CLSO Ancillary Study, classification as “outside normal limits” 
by the Heidelberg Retina Tomograph classification and the Moorfields 
Regression Analysis classifications (overall, global, temporal inferior, 
nasal inferior, and superior temporal regions) was significantly 
associated with the development of POAG.  Within the follow-up period 
of this analysis, the positive predictive value of CSLO indexes ranged 
from 14 percent (Heidelberg Retina Tomograph classification and 
Moorfields Regression Analysis overall classification) to 40 percent for 
Moorfields Regression Analysis temporal superior classification.  
Several baseline topographic optic disc measurements, alone or in 
combination with baseline clinical and demographic factors, were 
significantly associated with the development of POAG among OHTS 
participants.328 

B. Diagnosis of Secondary Open Angle Glaucoma 
 
1. Pigmentary Glaucoma 
 
Differential diagnosis of pigmentary glaucoma involves the same clinical 
approach as the comprehensive initial and follow-up evaluations of a 
person who is suspect for POAG.  PG is often diagnosed at an earlier age 
in men than in women, and men require more aggressive medical and 
surgical therapy.87,329 
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The clinical presentation of pigmentary dispersion syndrome with 
associated PG includes: 
 
 Spoke-like transillumination defects in the midperiphery of the 

iris45 
 

 Pigment on the anterior surface of the iris, often as concentric 
rings within the furrows of the iris89 

 
 Pigment in the anterior and posterior chambers, and possibly 

Krukenberg's spindles on the corneal endothelium330 
 
 A dense, homogeneously pigmented trabecular meshwork, 

especially posteriorly89,90,331 
 
 An open, deep anterior chamber angle with possible posterior 

bowing (concavity) of the iris36,91 
 
 Rise of the IOP to rather high levels, with dramatic 

fluctuation331,332 
 
 Pigment release resulting from pupillary dilation333 or strenuous 

exercise,334 which requires assessment of the IOP after dilation. 
 
2. Pseudoexfoliation Glaucoma 
 
Differential diagnosis of PEG involves the same clinical approach as the 
initial and follow-up evaluations of persons who are suspect for POAG, 
with special attention to biomicroscopy and gonioscopy.  The evolution 
from first pigmentary and lens changes to full-scale PES may require 5–
10 years.335  The clinical presentation of PES with associated PEG 
includes: 
 
 Distribution of pseudoexfoliative material on the pupillary margin 

of the iris and on the surface of the lens, as a central translucent 
disc with curled edges surrounded by an annular clear zone 
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 A peripheral granular zone on the anterior surface of the lens, best 
viewed through a dilated pupil46,47 
 

 Transillumination defects in the iris near the pupil and 
pigmentation of the trabecular meshwork46,47; pigment granules 
that may form a whorled pattern over the sphincter muscle on the 
surface of the iris336 
 

 Depigmentation of pupillary ruff 
 

 Poor pupillary response to topical mydriatic agents 
 

 Accelerated cataract formation. 
 

Biomicroscopy performed through a dilated pupil can increase the ability 
to diagnose PES.337  Pigment may be dispersed from the pigment 
epithelium of the iris near the pupil, caused by rubbing of the iris on the 
roughened surface of the lens.  This rubbing can result in depigmentation 
of the pupillary ruff, giving it a moth-eaten appearance.338 
 
The pigmentation of the trabecular meshwork in PES differs from that in 
PDS.  It is patchy, lacks homogeneity, and may be located in the superior 
angle and anterior to Schwalbe's line.60,105  Pupillary dilation can cause 
pigment dispersion,61,62 resulting in a spike in IOP61 that necessitates 
postdilation tonometry.339  Increased trabecular pigmentation may 
precede the appearance of pseudoexfoliative material on the surface of 
the lens, even though this material is present in the conjunctiva.63   
 
IOP can be extremely high in PEG, which has a more serious clinical 
course than POAG and greater propensity for VF loss at the time of 
diagnosis.340  Among newly diagnosed cases of PEG, 69 percent are 
unilateral, compared with 46 percent of POAG cases.341 
 
The Malmo Ocular Hypertension Study compared glaucoma conversion 
rates in patients with OH with and without pseudoexfoliation.  A 
population-based glaucoma screening of elderly citizens of Malmo, 
Sweden, conducted between 1992 and 1997, had yielded participants for 
the EMGT.  The Malmo investigators re-examined and compared EMGT 
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subjects with pseudoexfoliation and control EMGT subjects without 
pseudoexfoliation, matched for age, gender, and IOP of 24–32 mm Hg.  
The investigators performed computerized VF tests to identify persons 
with manifest glaucoma and measured visual acuity, refraction, IOP, and 
CCT.  After a mean 8.7 years (range, 6.3–11.4), 54 of 98 patients 
(55.1%) with pseudoexfoliation at the baseline examination and 27 of 98 
patients (27.6%) without pseudoexfoliation had developed glaucoma.  
The glaucoma conversion rate was twice as high in patients with OH and 
pseudoexfoliation as in control patients matched for IOP, age, and gender 
(risk ratio, 2.0; P < 0.0001).  Thus, pseudoexfoliation is a strong 
independent risk factor for glaucoma in patients with OH.107 
 
C.  Management of Open Angle Glaucoma 

 
Treatment and management of POAG involves patient education, 
continuity of care, compliance with therapy, communication with 
patients’ physicians, and possibly comanagement with a glaucoma 
specialist (see Appendix Figure 2).  

 
1. Basis for Treatment 
 
The fundamental rationale for the treatment of glaucoma is that abnormal 
IOP plays a major role in the development of glaucomatous optic 
neuropathy.  Although high IOP is certainly not the only factor 
contributing to ON damage, it is the only risk factor that can be clinically 
modified.342  Medically lowering IOP in patients with OH may reduce 
the incidence of glaucoma.143  In at least two-thirds of patients with high-
tension glaucoma, marked lowering of the IOP stops progression of the 
disease.342-346  Even in NTG patients, the IOP level is a risk factor related 
to the degree of glaucomatous damage.141,142,347,348 
 
The OHTS showed that topical OH medication is effective in delaying or 
preventing the onset of OAG in patients with elevated IOP.  The 
investigators randomized a total of 1,636 participants with no evidence 
of glaucomatous damage, aged 4080 years and with IOP of 24–32 mm 
Hg in one eye and 21–32 mm Hg in the other eye, to either observation 
or treatment with commercially available topical ocular hypotensive 
medication.  The goal in the medication group was to reduce the IOP by 
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at least 20 percent and to reach IOP of 24 mm Hg or less.  During the 
course of the study, the mean reduction in IOP in the medication group 
was 22.5 (SD ± 9.9) percent.  The IOP declined by 4.0 (± 11.6) percent 
in the observation group.  At 60 months, the cumulative probability of 
developing POAG was 4.4 percent for the medication group and 9.5 
percent for the observation group (HR, 0.40; 95% CI, 0.27–0.59; P < 
0.0001).  There was little evidence of increased systemic or ocular risk 
associated with ocular hypotensive medication.  Topical ocular 
hypotensive medication was effective in delaying or preventing the onset 
of POAG in individuals with elevated IOP.  Although these results do 
not imply that all patients with borderline or elevated IOP should receive 
medication, clinicians should consider initiating treatment in persons 
with OH who are at moderate or high risk for developing POAG.82    

The OHTS also compared the results in white and black Americans when 
their OH was managed.  Of the 1,636 OHTS participants randomized, 
408 self-identified as African American.  The primary outcome was the 
development of reproducible VF abnormality and/or reproducible optic 
disc deterioration attributable to POAG.  Among the African American 
subjects, 17 (8.4%) of 203 in the medicated group developed POAG 
during the study (median follow-up, 78 months), compared with 33 
(16.1%) of 205 subjects in the observation group (HR, 0.50; 95% CI, 
0.28–0.90; P = 0.02).  The investigators concluded that topical ocular 
hypotensive therapy is effective in delaying or preventing the onset of 
POAG in African Americans who have OH.349  

To develop a risk model that would enable identification of which 
individuals have the greatest chance of developing glaucoma within 5 
years in the presence of OH, the OHTS and European Glaucoma 
Prevention Study (EGPS) groups identified a set of risk factors that 
included elevated IOP, thin cornea, increased vertical C/D ratio, VF 
status using pattern standard deviation (PSD), and age.  They validated 
their model using data from the Diagnostic Innovations in Glaucoma 
Study (DIGS).84  OHTS/EGPS data also facilitated development of a risk 
model with which to predict which individuals are also at the greatest 
risk of converting from OH to OAG.85 
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The EMGT compared immediate therapy with no therapy to reduce IOP 
in newly detected OAG and showed that therapy to reduce IOP is 
effective in preventing progressive damage.82 
 
The Advanced Glaucoma Intervention Study (AGIS)236 demonstrated 
that sustaining IOP below 18 mm Hg and averaging 12.3 mm Hg 
resulted in little change in VF over a period of 68 years.  Although 
these results support prior studies showing the benefit of a significant 
IOP reduction in patients with advanced glaucoma,343-345,350-354 a 
significant reduction in IOP does not necessarily protect the eye of a 
patient with advanced glaucoma from future VF loss.342,355,358  It does 
appear that glaucoma patients with higher peak IOP,34,356,359-364 and with 
wide variability (fluctuation) in IOP,34,236,342,351,356,359,361-363,365-367 are more 
susceptible to progressive VF loss. 
 
The objective of treating glaucoma by lowering IOP is to prevent 
additional damage to the ON, thus preserving remaining visual 
function.7,34,200  This objective must be achieved in the safest and most 
effective manner for each individual, while minimizing the impact of 
treatment on the patient's vision, health, and quality of life (see Table 2). 
 
To achieve the goal of treatment, the clinician should establish a “target 
pressure” for each patient and document it in the patient’s medical 
record.  This target is the range of IOPs below which additional damage 
to the ON is unlikely over the patient's lifetime.  In general, the target 
pressure should be 3050 percent lower than the pretreatment level368; it 
cannot simply be "normal" pressure, because some patients with 
glaucomatous damage have baseline IOPs that are similar to those of 
normal eyes.369  Because the IOPs of patients with thin corneas may have 
been underestimated, their target pressures may need readjustment over 
time when progressive damage is detected. 
 
In estimating the initial target pressure, the clinician can use knowledge 
about the existing damage to the ON, the degree of VF loss, and the 
patient’s age and highest IOP, along with clinical experience (see Table 
3).370 
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Table 2 

Suggestions for the Medical Management 
of Primary Open Angle Glaucoma and Ocular Hypertension* 

1. Determine whether therapy is indicated for either OH or OAG. For 
OH, this may include performing a risk assessment analysis. 

2. Rule out any secondary forms of glaucoma that may affect the 
therapy or prognosis. 

3. Determine appropriate target pressure and readjust when necessary. 

4. Use the fewest medications in the lowest concentrations needed to 
achieve the target pressure. 

5. When the treatment is ineffective, initially substitute, rather than 
add, medication.  

6. Continually stress, with the patient, the need for treatment 
compliance. 

7. Make the treatment regimen as convenient for the patient as 
possible. 

8. Teach the patient the correct method of instilling eyedrops. 

9. Write down the treatment regimen for the patient, including time of 
day, number of drops, and color of bottle cap. 

10. Communicate with the patient's family doctor. 

11. Always ask the patient about changes in medical history and any 
side effects or adverse reactions to medications. 

12. Continually educate the patient about risks and prognosis of the 
disease and side effects and adverse reactions of medications. 

*Modified from Stamper RL, Lieberman MF, Drake MV.  Becker-Shaffer's diagnosis 
and therapy of the glaucomas, 7th ed.  St. Louis:  Mosby, Inc., 1999:422. 
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Table 3 

Clinical Stages of Primary Open Angle Glaucoma 

Mild ON Mild concentric narrowing or partial localized 
narrowing of the neuroretinal rim; disc hemorrhage; 
cup/disc asymmetry 

 NFL Less bright reflex; fine striations to texture; large 
retinal blood vessels clear; medium retinal blood 
vessels less blurred; small retinal blood vessels blurred  

 VF Isolated paracentral scotomas; partial arcuate or nasal 
step; damage limited to one hemifield with fewer than 
25% of points involved, mean deviation (MD) less 
than –6 dB 

Moderate ON Moderate concentric narrowing of the neuroretinal rim; 
increase in the area of central disc pallor; a complete 
localized notch or loss of the neuroretinal rim in one 
quadrant; undermining of vessels 

 NFL Minimal brightness to reflex; no texture; large, 
medium, and small retinal blood vessels clear1 

 VF Partial or full arcuate scotoma in at least one hemifield; 
damage may involve both hemifields; fixation should 
not be involved; mean deviation between –6 and –12 
dB 

Severe ON Complete absence of the neuroretinal rim in at least 
three quadrants; bayoneting of vessels; markedly 
increased area of central disc pallor 

 NFL Reflex dark; no texture; large, medium, and small 
retinal blood vessels clear2 

 VF Advanced loss in both hemifields; 510 central 
island of vision; MD worse than  –12 dB, fixation may 
be involved 

1As described by Quigley HA, Reacher M, Katz J, et al.  Quantitative grading of nerve 
fiber layer photographs.  Ophthalmology 1993; 100:1800-7.  

2As described by Quigley HA, Dunkelberger BS, Green WR.  Retinal ganglion cell 
atrophy correlated with automated perimetry in human eyes with glaucoma.  Am J 
Ophthalmol 1989; 107:453-64. 
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When the initial target pressure is not reached, the clinician should 
reassess patient compliance, the treatment regimen, or the range of the 
target pressure, always keeping in mind the goal of therapy. 
 
2. Available Treatment Options 
 
Traditionally, glaucoma treatment has begun with pharmacological 
intervention, proceeding to laser therapy and surgery when necessary.371 
Though designed to maximize the benefit of treatment while minimizing 
risk to the patient, the pharmacological approach has been challenged as 
less effective than the other sequences of therapy.372-374  Some glaucoma 
patients may require all three treatment options, and, because glaucoma 
is a chronic, progressive disease with no known cure, all treatments 
should be made available to each patient. 
 
In the choice of a specific form of treatment or the decision to alter or 
provide additional therapy, the overriding consideration must be the risk 
or benefit to the patient.  All forms of treatment for glaucoma have 
potential side effects or complications.375-377  The clinician must evaluate 
the possible impact of the treatment from a social, psychological, 
financial, and convenience standpoint. 
 
a. Medical (Pharmaceutical)Treatment 
 
The treatment of OAG includes the use of topical or orally administered 
agents that enhance aqueous outflow or reduce aqueous production or 
both (see Table 4).375,376,378 

 

 Prostaglandin analogs.  Latanoprost 0.005% is a synthetic 
prodrug of prostaglandin F2 that lowers IOP by 2735 percent 
when given once a day.378-382  Its 24-hour efficacy383 makes 
latanoprost equal to382 or more effective380,384,385 than timolol 
maleate 0.5% in lowering IOP.  Latanoprost may be more   

 
*Every effort has been made to ensure that the drug dosage recommendations are 
accurate at the time of Guideline publication.  However, as treatment recommendations 
change, due to continuing research and clinical experience, clinicians should verify drug 
dosage schedules on product information sheets and current scientific literature. 
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Table 4 
Pharmacological Agents for Management  

of Primary Open Angle Glaucoma 
 

Prostaglandin analogs Bimatoprost 
 Latanoprost 
 Travoprost 

Alpha2-adrenergic agonists Nonselective 
      Epinephrine 
      Dipivefrin 
 Selective 
      Apraclonidine 
      Brimonidine 

Beta-blocking agents* Nonselective 
      Carteolol 
      Levobunolol 
      Metipranolol 
      Timolol 
 Selective 
      Betaxolol 

Carbonic anhydrase inhibitors Systemic, oral 
      Acetazolamide, injection  

        or sustained release 
      Dichlorphenamide 
      Methazolamide 
 Topical 
      Dorzolamide 
      Brinzolamide 

Cholinergic agonists—miotics Pilocarpine, solution or gel 
 Carbachol 

Combination agents Timolol-dorzolamide 
 Timolol-brimonidine 

*Systemic beta-blocking agents may influence IOP. 
 
effective when administered in the evening,379, 383-386 and there 
appears to be no development of tachyphylaxis.380  Latanoprost 
has been approved for use in individuals with OAG or OH.   
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It enhances pulsatile ocular perfusion,387,388 and is effective in 
lowering IOP389 and increasing ocular perfusion pressure390 in 
NTG.  It is additive with dipivifren,391 acetazolamide,392 
brimonidine, dorzolamide,393 and timolol.379, 383,394  

 
A study to determine the proportion of patients with POAG or OH 
who do not respond to latanoprost therapy included 340 
consecutive patients with a new diagnosis of POAG or OH, or 
previously treated only with a beta-blocker (after an appropriate 
washout period).  All were treated with latanoprost for 1 month 
and then divided into three groups on the basis of the reduction in 
IOP:  nonresponders (<15% reduction), responders (≥15% but 
<30%), and high responders (≥30%).  Only nonresponders entered 
a randomized crossover study to investigate the efficacy of timolol, 
brimonidine, and pilocarpine.  IOP at baseline was 24.1 ± 1.4, and 
after 1 month's latanoprost therapy, it was 16.9 ± 2.4 mm Hg, a 
mean 29.9 ± 4.2 percent reduction in IOP.  Nonresponders 
accounted for 4.1 percent of the patients; high responders, 41.2 
percent. The nonresponders showed a statistically significant 
reduction in IOP after brimonidine treatment (P = 0.05), whereas 
the reduction after timolol and pilocarpine treatment was clinically 
relevant but not statistically significant.  This multicenter 
prospective study found that only 14 of 340 patients did not 
respond to latanoprost.  In the crossover trial on nonresponders, 
IOP reduction reached statistical significance only after 
brimonidine, but the small number in the study reduced its 
statistical power.395 
 
Bimatoprost 0.03% is a synthetic prostamide similar in mode of 
action and effectiveness to latanoprost.  It reduces IOP up to 33 
percent.396 
 
Travoprost 0.004% is an FP-class prostaglandin agonist similar in 
mode of action and effectiveness to latanoprost.  It reduces IOP up 
to 33 percent.  U.S. Food and Drug Administration (FDA) Phase II 
and Phase III studies indicate that travoprost has a potentially 
higher effectiveness than other active agents in lowering IOP in 
African Americans.397 
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 The adverse reactions380,382,384,385,398-400 and contraindications400,403-

405 for bimatoprost, latanoprost, and travoprost are listed in Table 
5.  Eyelash changes include increases in number, length, thickness, 
curvature, and pigmentation.398  Patients who use PGs immediately 
following cataract surgery may benefit from concurrent use of a 
topical nonsteroidal anti-inflammatory eye drop to prevent anterior 
uveitis and minimize the development of cystoid macular 
edema.400 

 
The docosanoid unoprostone isopropyl is a derivative of 
docosahexaenoic acid that lowers IOP.  An aqueous solution of 
0.15% unoprostone isopropyl has been approved by the FDA as 
adjunct therapy for the treatment of mild to moderate glaucoma.  
Studies have shown that unoprostone isopropyl 0.12% used twice 
daily lowers IOP in OH and POAG by 1123 percent.381,406,407  In 
some studies the efficacy of unoprostone 0.12% was statistically 
equal to that of timolol 0.5% in controlling diurnal IOP levels408 
for 1 month to 1 year.407,409-411  Unoprostone is also additive to 
timolol.412  In NTG, unoprostone reduced IOP by 11 percent413; 
however, unoprostone is not as effective an ocular hypotensive 
agent as latanoprost.381,414  Unoprostone is no longer available in 
the United States.  Table 5 lists adverse reactions406,408,410,415 and 
contraindications for unoprostone isopropyl.  Changes in iris 
pigmentation were reported in one case.416  
 

 Epinephrine compounds.  Epinephrine drops (0.25%2%) are 
instilled in the eye twice per day.  An epinephrine prodrug, 
dipivefrin, is available in a 0.1% concentration.  Due to greater 
penetration of the cornea,417  the lower concentration of dipivefrin 
is equivalent in effectiveness to a 1%2% concentration of 
epinephrine.418  In general, epinephrine compounds are not as 
effective as other categories of drugs in lowering IOP in glaucoma 
patients; thus, the frequency of using them to treat glaucoma has 
decreased to rare. 
 
Because of its efficacy and reduced potential for ocular and 
systemic side effects,378 dipivefrin is the drug of choice among  
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Table 5 
Major Adverse Reactions and Contraindications  

of Pharmaceutical Agents Used in Treatment of Glaucoma 

Pharmaceutical 
Agent Adverse Reactions Contraindications 

Prostaglandin  
Analogs 

Ocular: 
Blurred vision 
Stinging, burning 
Hyperemia 
Foreign body sensation 
Itching 
Increased iris pigmentation1 
Eyelash changes 
Punctate epithelial keratitis 
Cystoid macular edema 
Iritis 
Herpes simplex keratitis 
Systemic: 
Headaches 
Upper respiratory tract 
    symptoms 

Ocular: 
History of uveitis, 
   CME, herpes simplex, 
   keratitis, complicated 
   cataract surgery 
Systemic: 
None 

Epinephrine2 Ocular: 
Stinging, burning 
Mydriasis 
Allergic sensitivity 
Pigment deposits 
Cystoid macular edema 
Increased IOP 
Systemic: 
Increased blood pressure 
Increased heart rate 
Severe headaches 

Ocular: 
Aphakia/ 
    pseudophakia 
Narrow angles 
Systemic: 
Systemic 
    hypertension 
Heart disease 
Hyperthyroidism 
Diabetes mellitus 
Certain medications 

1Changes in iris pigmentation were reported in one case with unoprostone isopropyl. 
2 Adverse ocular reactions and contraindications are fewer with dipivefrin than with 
epinephrine. 
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Table 5 (cont.) 

Pharmaceutical 
Agent Adverse Reactions Contraindications 

Alpha2-adrenergic 
agonists 

Ocular: 
Allergic sensitivity3 
Minimal mydriasis3 
Lid retraction3 
Conjunctival   

vasoconstriction3 

Stinging, burning 
Foreign body sensation 
Hyperemia 
Conjunctival follicles 
Systemic: 
Gastrointestinal discomfort 
Taste abnormalities 
Headache 
Fatigue/drowsiness 
Oral dryness 
 

Ocular: 
None 
Systemic: 
None 

Topical beta-blockers Ocular: 
Stinging, burning 
Superficial punctate keratitis 
Allergic sensitivity 
Decreased corneal 

sensitivity 
Uveitis5 

Systemic: 
COPD6 

Systemic hypotension 
Bradycardia 
Diabetes mellitus 
Myasthenia gravis 
Certain medications 
 

Ocular: 
Narrow angles 
Systemic: 
Chronic obstructive 
pulmonary disease  
Systemic hypotension 
Bradycardia 
Diabetes mellitus 
Myasthenia gravis 
Certain medications 
 

3Adverse ocular reactions are less common with brimonidine. 
4May be less severe with betaxolol. 
5Metipranolol. 
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Table 5 (cont.) 

Pharmaceutical 
Agent Adverse Reactions Contraindications 

Oral carbonic 
anhydrase inhibitors 

Ocular: 
None 
Systemic: 
Malaise 
Depression, confusion 
Metallic taste 
Anorexia 
Diarrhea 
Paresthesias 
Kidney stones 
Metabolic acidosis 
Blood dyscrasias 

Ocular: 
None 
Systemic: 
History of kidney 
   stones 
Liver disease 
Sulfonamide allergy 
Cardiac disease 
Addison’s disease 
Renal disease 
Severe chronic 
   obstructive 
   pulmonary disease 

Topical carbonic 
anhydrase inhibitors 

Ocular: 
Stinging, burning 
Allergic sensitivity 
Blurred vision 
Superficial punctate keratitis 
Corneal edema 
Systemic: 
Altered taste 

Ocular: 
Corneal endothelium 
   compromise 
Systemic: 
Sulfonamide allergy 

Pilocarpine Ocular: 
Stinging, irritation 
Ciliary spasms (myopia) 
Miosis (vision)  
Pupillary block 
Retinal detachment 
Systemic: 
Headache, pain 
Sweating 
Vomiting, diarrhea 
Salivation 
Bradycardia 
Arrhythmia 
Dyspnea 

Ocular: 
History of retinal 

detachment 
Severe myopia 
Cataracts 
Inflammation/infection 
Aphakia/pseudophakia 
Systemic: 
Asthma 
Ulcers 
Bladder dysfunction 
Parkinson’s disease 
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 epinephrine drops in the treatment of glaucoma.419   Table 5 
presents adverse reactions and contraindications for epinephrine 
compounds.375,378,420,421 

 
 Alpha2-adrenergic agonists.  As a single topical agent, the 

alpha2-adrenergic agonist apraclonidine can lower IOP in patients 
with OH or POAG.  In a 1% concentration, it is useful for 
controlling or preventing the acute spike in IOP that may occur 
after argon laser trabeculoplasty (ALT) and other anterior segment 
laser procedures.422  By lowering IOP about 25 percent, 
apraclonidine is also effective in minimizing precipitous IOP 
increases after cycloplegia in patients with POAG.423  
Apraclonidine also can decrease significant IOP elevations in 
glaucomatous eyes undergoing trabeculectomy combined with 
extracapsular cataract surgery.424 

 

Apraclonidine 0.5% is approved for short-term adjunctive use in 
POAG patients on maximally tolerated medical therapy, requiring 
additional reduction in IOP.  For patients in this category, the mean 
reduction in IOP has been 2.4 mm Hg, with a maximum reduction 
of 6 mm Hg425 for up to 90 days.  Some eyes may not benefit from 
this additional treatment, however. 
 
Used 3 times per day, 0.5% apraclonidine lowers IOP to the same 
degree as 0.5% timolol used twice per day.426  In 1722 percent of 
patients, it also has an additive effect with topical timolol maleate 
in lowering IOP,427 and it may be valuable for use in patients 
resistant to further reduction in IOP.  Long-term use of 
apraclonidine may be limited, due to allergic reactions (in at least 
15% of patients),428 tachyphylaxis,425 and marked reduction in 
conjunctival oxygen tension, probably as a result of 
vasoconstriction.428  Table 5 lists adverse reactions to 
apraclonidine.425,426,428,429 
 
Brimonidine is an alpha2-adrenergic agonist with 2332 times 
more selectivity than apraclonidine for alpha-2 receptors.430  In a 
0.2% solution, brimonidine reduces IOP about 2327 percent,431,432 
with no apparent tachyphylaxis.433  Brimonidine is also available in 
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0.1% and 0.15% concentrations.  When used twice a day, it is 
more effective than betaxolol434 and similar in effect to timolol 
maleate, although not at the trough measurement.433,435-438  As 
monotherapy, brimonidine is less effective than latanoprost.439  
 
Brimonidine is additive with timolol440,441 and latanoprost,439 and it 
can be used as combination or replacement therapy.431  Like 
apraclonidine, brimonidine can be used to prevent IOP spikes after 
ALT.441 

 
The neuroprotective effect of brimonidine in animal models is not 
clearly understood.442-444  One possible mechanism is the inhibition 
of extracellular glutamate accumulation in the retina in response to 
ischemic stress.445  Brimonidine has no effect on retrobulbar446 or 
retinal447 blood flow, blood lipids,433 heart rate,433,435,437,438 or 
pulmonary function.434,435,437  Table 5 lists the adverse reactions 
and contraindications for brimonidine,394,432,433,435,438-449 which 
appears to elicit a lower incidence of ocular allergic reactions than 
apraclonidine.432,433,438 

 
 Beta-blocking drugs.  Topical beta-blockers are either 

nonselective (i.e., blocking both beta-1 and beta-2 receptors) or 
selective (blocking beta-1 receptors).375,378  Timolol (maleate, 
hemihydrate, preservative-free, or gum-based), carteolol, 
levobunolol,  metipranolol, and betaxolol (suspension) are unique 
beta-blocker preparations for treating glaucoma.  The doses of 
beta-blockers used in treating glaucoma range from 0.25% to 
1.0%, usually instilled 12 times per day.450 
 
The selective beta-blocker betaxolol may cause fewer pulmonary 
and cardiovascular side effects,451 but it is less effective in 
lowering IOP than the nonselective beta-blockers timolol, 
carteolol, levobunolol, and metipranolol.452  Betaxolol may have a 
neuroprotective effect, by altering ion channels in retinal ganglion 
cells, resulting in a decreased influx of calcium.453,454  Betaxolol 
does not increase retinal or retrobulbar blood flow.455  Table 5 lists 
adverse reactions and contraindications for beta-adrenergic 
blocking agents.375,378,456 
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 Carbonic anhydrase inhibitors (CAIs).  The administration of 
CAIs depends upon the drug and the severity of the glaucoma.  
One CAI, acetazolamide, is available for injection and in 
sustained-release capsules (Sequels®).457  CAIs usually lower IOP 
by about 20-40 percent.457  The most effective doses are 500 mg of 
acetazolamide Sequels®458 12 times per day and 50 mg of 
methazolamide 23 times per day.459   

 
Though effective in significantly lowering IOP, CAIs are poorly 
tolerated.  The best-tolerated CAIs are acetazolamide Sequels® and 
methazolamide tablets,460 which produce fewer kidney stones.461  
There is no evidence that routine blood testing will help predict or 
prevent possible blood dyscrasias, which can result from CAI 
treatment.462,463  Table 5 lists CAIs’ adverse reactions and 
contraindications for their use.378,458,460-463 

 
Topical CAIs approved for the treatment of glaucoma include 
several thienothiopyran-2-sulfonamides.  Studies of dorzolamide 
hydrochloride ophthalmic solution, which has approval for use in 
patients with OH and OAG, in a 2% concentration, applied 3 times 
per day, lowers IOP 35 mm Hg for 1 year.  As adjunctive 
therapy, dorzolamide is approximately equivalent to 2% 
pilocarpine in further lowering IOP.464 

 
Brinzolamide (1% solution) is a topical CAI that is equal to 
dorzolamide 2% (3 times daily) in lowering IOP,465-467 but not 
quite equal to 0.5% timolol maleate.467,468  The IOP-lowering effect 
of brinzolamide appears to be the same, whether used 2 or 3 times 
per day.468,469  Both brinzolamide470-472 and dorzolamide,394,440,464,472 
applied twice daily, have additive effects when used with timolol. 

 
Brinzolamide increases ONH blood flow in animals, without 
affecting systemic blood pressure or heart rate.473  In humans, 
dorzolamide accelerates blood velocity in the superficial vessels of 
the retina and the ONH, but it does not affect retrobulbar 
hemodynamics.474  Dorzolamide also has a positive effect on 
perimacular circulation,475 and on ocular pulse amplitude (an 
estimate of choroidal perfusion).476 
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Patients have found brinzolamide more comfortable to use than 
dorzolamide.465-467,477-479 Adverse reactions469,471.477 and 
contraindications for using topical CAIs are presented in Table 5.   
 

 Miotic agents.  Pilocarpine is the miotic drug most often used in 
treating POAG.  It is instilled topically, generally 4 times per day, 
in doses ranging from 1.0% to 4%; the duration of action is at least 
6 hours.  Higher dosages may be considered for use in darkly 
pigmented individuals.480  Pilocarpine also is available in a 4% gel 
preparation.  Table 5 lists adverse reactions and contraindications 
for the use of pilocarpine.375.378,481 
 

 Combination medications.  Studies support the rationale for 
combining separate topical glaucoma medications into a single 
formulation to decrease the number of applications per day, 
thereby increasing compliance.  After 3 months’ use, a 
combination drug consisting of 2% dorzolamide and 0.5% timolol 
maleate was more effective in decreasing IOP (28% vs. 33%) than 
monotherapy with either dorzolamide or timolol (reductions of 
15%20% and 22%, respectively).483  The combination drug was 
equally as effective as both components, given concomitantly, 
except in the early morning and afternoon, for up to 12 months.483  
The net effect of this combination drug was a 34 mm Hg 
reduction in IOP below the baseline IOP with 0.5% timolol.484  
The adverse effects and contraindications of this combination drug 
are similar to those for the component drugs (Table 5). 

 
On the other hand, the combined therapy of timolol and 
dorzolamide, twice daily, was less effective than the prostaglandin 
analog latanoprost, given once daily, in lowering IOP (17.9% vs. 
23.2%, respectively) for up to 3 months.485 
 
Another fixed combination agent is comprised of 0.2% 
brimonidine tartrate and 0.5% timolol maleate.  In two identical 
12-month, randomized, double-masked multicenter trials involving 
patients with OH or OAG, 385 patients received twice-daily 
treatment with fixed brimonidine-timolol, 382 patients received 
thrice-daily 0.2% brimonidine tartrate, and 392 patients received 
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twice-daily 0.5% timolol maleate.  Decreases from baseline IOPs 
during 12-month follow-up were 4.4–7.6 mm Hg with fixed 
brimonidine-timolol, 2.7–5.5 mm Hg with brimonidine alone, and 
3.9–6.2 mm Hg with timolol alone.  The mean IOP reductions 
were significantly greater with fixed brimonidine-timolol than with 
timolol at all times measured (P ≤ 0.002) and significantly greater 
than brimonidine at 8 a.m., 10 a.m., and 3 p.m. (P < 0.001) but not 
at 5 p.m.  The incidence of treatment-related adverse events in the 
fixed-combination group was lower than that in the brimonidine 
group (P = 0.006) but higher than that in the timolol group (P < 
0.001).  The rates of discontinuation of treatment for adverse 
events were 14.3 percent with the fixed combination, 30.6 percent 
with brimonidine, and 5.1 percent with timolol.486  

Other combination drugs have been or are being developed and 
await approval by the FDA for use in the United States. 

 
b. Laser Trabeculoplasty 
 
Laser trabeculoplasty is commonly used when topical medication(s) have 
failed to achieve the target IOP, when progression requires further IOP 
reduction, when side effects have reduced the use of certain medications, 
or when the patient is unable to instill medications.  The long-term 
benefits of laser trabeculoplasty for the treatment of glaucoma remain 
controversial,487 because its effectiveness diminishes over time.487-491 
 
The two forms of laser trabeculoplasty are argon and selective.  Argon 
laser trabeculoplasty (ALT) involves placing from 50 to 100 laser burns 
(50-micron size, 0.1 seconds in duration, at 500- to 1,000-MW power) 
around 180o or 360o of the anterior one-third of the trabecular meshwork. 
This procedure is adequate to produce a visible tissue response.377,492  
Laser trabeculoplasty has also been successful when performed with 
krypton, Nd:YAG, and diode lasers.493,494  Selective laser trabeculoplasty 
(SLT) uses a q-switched 532-nm Nd:YAG laser for selectively targeting 
pigmented trabecular meshwork cells without causing coagulative 
damage to the meshwork structure or to nonpigmented cells.495  
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Although its mechanism of action is not well understood, several theories 
have been proposed to explain how laser trabeculoplasty increases the 
rate of aqueous outflow.377  One theory attributes the increase in aqueous 
outflow to the formation of microscars causing tissue retraction around 
the trabecular lamellae, thereby pulling the meshwork open between the 
scars.496  Other possibilities include changes in the physiology of the 
trabecular endothelial cells that effect an increase in either their 
phagocytic activity or their number.497,498 
 
Possible complications of laser trabeculoplasty include an increase in 
IOP within hours of the procedure499-501 and inflammation, which may 
lead to the formation of peripheral anterior synechiae.501-503  A rise in 
IOP immediately after laser trabeculoplasty can be reduced by 
antiglaucoma medications such as apraclonidine.504  Long-term scarring 
of the anterior chamber angle by laser trabeculoplasty may result in a 
delayed rise in IOP.505,506  Table 6 provides recommendations for the 
postoperative management of patients following laser trabeculoplasty. 
Both ALT and SLT lose their effectiveness over time, such that 5 years 
after trabeculoplasty glaucoma is controlled in only 50 percent of 
patients.  Subsequent ALT procedures yield reduced effectiveness and 
duration; thus, more than two sessions per individual eye is rarely 
indicated.507  
 
Theoretically, SLT is repeatable, given its mechanism of action and its 
capability of targeting pigmented cells only, thus leaving much of the 
trabecular meshwork undamaged.  However, there is no evidence to 
support repeated use of SLT.  In the absence of such data, SLT is used 
interchangeably with ALT, because, although SLT is less destructive to 
trabecular cells, the two procedures offer similar IOP reduction.508  
 
In a study of 100 eyes (61 patients) to determine the efficacy and safety 
of SLT as an initial treatment for newly diagnosed OAG, and to elucidate 
the role of SLT as adjunctive therapy, the investigators assigned 74 eyes 
newly diagnosed with OAG or OH to the primary treatment (SLT) group 
and 26 eyes to the control treatment (latanoprost), according to patient 
choice.  They conducted follow-up of both groups at 1, 3, 6, and 12 
months.  A second treatment group of patients was included to determine 
SLT’s efficacy in patients intolerant of medical therapy or with prior 
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Table 6 
General Guidelines for Postoperative Management  
of Patients Following Argon Laser Trabeculoplasty* 

1 Hour Postoperative 

 Measure IOP and evaluate with biomicroscope. 

 If IOP is normal, re-evaluate patient 1–2 weeks later. 

 If IOP is elevated or other conditions occur, provide appropriate 
treatment. 

1–2 Weeks Postoperative 

 Measure IOP (full effect of treatment may not be apparent for 6–8 
weeks). 

 Check for ocular inflammation. 

 Check for compliance with use of medication. 

4–8 Weeks Postoperative 

 Measure IOP (which should be below pretreatment level, if procedure 
has been successful). 

*Follow-up schedule should be modified if complications occur, or if the glaucoma is 
severe. 

 
unsuccessful SLT, with or without previous ALT.  The average absolute 
and percent IOP reductions for the primary treatment group were 8.3 mm 
Hg (31.0%), compared with 7.7 mm Hg (30.6%) for the control group (P 
= 0.208 and P = 0.879, respectively).  Based on 20 percent pressure 
reduction, the responder rates were 83 and 84 percent for the primary and 
control groups, respectively.  There was no difference in the degree to 
which SLT lowered IOP on the basis of angle pigmentation.  The 
investigators observed a modest contralateral effect in the untreated 
fellow eyes of patients undergoing SLT.  The study showed that SLT and 
latanoprost were equally effective in reducing IOP in newly diagnosed 
OAG and OH over 12 months, independent of angle pigmentation.  The 
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efficacy of nonsteroidal anti-inflammatory therapy was similar to that of 
steroids after laser therapy.509 
 
A prospective clinical trial in England also evaluated SLT, comparing 
SLT (532-nm Nd:YAG laser) with latanoprost 0.005% for the control of 
IOP in OH and OAG.  The investigators randomized 167 patients (one 
eye each) with either OH or OAG to 90, 180, or 360 degrees of SLT or 
latanoprost 0.005% at night and evaluated them at 1 hour, 1 day, 1 week, 
and at 1, 3, 6, and 12 months.  The mean follow-up interval was 10.3 
months (range, 1–12 months).  Early transient complications such as 
postoperative ocular pain, uveitis, and a 1-hour IOP spike occurred in a 
number of eyes after receiving SLT.  The patients reported pain more 
frequently following 360-degree treatment than following 90-degree 
treatments (P < 0.001).   Success rates, defined in terms of at least 20 
percent and at least 30 percent IOP reduction from baseline 
measurements, with no additional antiglaucomatous interventions, were 
better with latanoprost than with SLT treatments of 90 degrees (P < 
0.001) and 180 degrees (P < 0.02).  Differences between success rates 
for latanoprost and SLT of 360 degrees did not reach statistical 
significance (P < 0.5).510 

Success rates in this SLT/latanoprost study were greater with 180 
degrees and 360 degrees compared with 90 degrees of SLT (P < 0.05):  
82 percent of the eyes receiving 360 degrees of SLT achieved a 20 
percent or greater IOP reduction, and 59 percent exceeded a 30 percent 
reduction from baseline IOP.  Although the success rates were better 
with 360 degrees than with 180 degrees of SLT treatment, the differences 
did not reach statistical significance.  There were no differences with 
regard to age, sex, race, pretreatment IOP, OH versus OAG, laser power 
settings, or total laser energy delivered between eyes that responded with 
IOP reductions of more than 20 percent and more than 30 percent, and 
those that did not respond to 180- and 360-degree SLT treatments.  
Success rates were higher with latanoprost 0.005% at night than with 90 
and 180 degrees of SLT, suggesting that at 90 degrees, SLT is generally 
not effective. On the other hand, 360 degrees appears effective for SLT; 
approximately 60 percent of eyes achieved an IOP reduction of 30% or 
more.  Transient anterior uveitis with associated ocular discomfort is not 
unusual in the first few days after SLT.  The investigators reported 
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encountering no late complications causing ocular morbidity after 
SLT.510 

The use of laser trabeculoplasty is contraindicated in patients with 
corneal edema or opacities that prevent a clear view of the anterior 
chamber angle,377 in those who have post-traumatic or uveitic secondary 
glaucomas, and in situations requiring a large decrease in IOP.491 

 
To evaluate which sequence of surgical therapies works best in treating 
medically uncontrolled glaucoma, the AGIS included 451 eyes in 332 
black patients and 325 eyes in 249 white patients with glaucoma that did 
not respond to medication alone.  After random assignment, the eyes 
received treatment with one to two sequences of ALT or ATT or TAT.  
When an intervention failed, the study offered second and third 
treatments.  The patients were observed every 6 months (range of total 
potential follow-up, 8 years 4 months–13 years) to determine the 
percentages of eyes having moderate losses of VF and VA.  Race-
treatment interactions were significant for VF and VA losses, the two 
main outcome measures; therefore, results of treatment sequence 
differences were presented by race.511 

Among the AGIS black patients, the average percentage of eyes with VF 
loss was less following the ATT sequence than the TAT sequence 
(difference not statistically significant at any visit).  Conversely, in white 
patients after 18 months, the average percentage of eyes with VF loss 
was less following the TAT sequence, and the difference increased to 
statistical significance in years 8–10.  For both black and white patients, 
the average percentage of eyes with VA loss was less following the ATT 
sequence, a difference that was statistically significant throughout 10 
follow-up years for black patients but for only follow-up year 1 for white 
patients.  In both black and white patients, average IOP reductions were 
greater following the TAT sequence, although the TAT-ATT difference 
was substantially greater in white patients.  First-intervention failure 
rates were substantially lower for trabeculectomy than for 
trabeculoplasty in both black and white patients.511  

The AGIS 10-year cumulative incidence of unilateral VF impairment 
comparable to legal blindness was modest in the eyes of both black (ATT 
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11.9%, TAT 18.5%) and white (ATT 9.9%, TAT 7.3%) patients.  Both 
trabeculoplasty sequences lowered IOP in black and white patients with 
medically uncontrolled glaucoma, but long-term VF outcomes were 
better for the ATT sequence in black patients and better for the TAT 
sequence in white patients.511 

c. Surgery 
 
Surgical intervention is indicated for many patients with moderate or 
advanced glaucoma, to lower the IOP into the target range.512-514  It is 
usually the third option in the management of glaucoma, when medical 
therapy and laser trabeculoplasty do not achieve optimal IOP levels for 
various reasons.  Surgery is also indicated when glaucomatous damage 
continues to progress and the patient has exhausted medical and other  
options.  Some clinical situations require significant early IOP reduction, 
and in such cases, surgical intervention is the treatment of choice.  
Filtration surgery usually results in a dramatic and stable reduction in 
IOP.346,352,376  Although long-term control of IOP is often achieved via 
filtration surgery, many patients must remain on medications and may 
require additional filtration or other surgery. 
 
Filtration surgical procedures create alternative pathways for the outflow 
of aqueous.  Among filtering procedures to lower IOP are thermal 
sclerostomy, posterior or anterior lip sclerectomy, trephination, and 
trabeculectomy.377  In the most commonly performed filtration 
procedure, trabeculectomy, the surgeon creates a guarded flap within the 
sclera to allow aqueous humor to bypass the trabecular meshwork and be 
absorbed through a bleb created on the external part of the eye. 
Cyclodestructive procedures, which damage the ciliary body and thereby 
decrease aqueous production, are less commonly used377 
 
New surgical techniques for OAG include several types of non-
penetrating deep sclerectomy (NPDS):  Canaloplasty, the Aquaflow 
collagen wick (CW), and viscocanalostomy (VC).515-517  These 
procedures involve unroofing Schlemm's canal, bypassing the 
juxtacanalicular tissue, creating a window for aqueous outflow in 
Descemet's membrane, and maintaining patency of the intrascleral 
space.515-517  Canaloplasty incorporates an additional step, the use of a  
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microcatheter to dilate Schlemm’s canal circumferentially and the 
injection of a viscoelastic agent to reopen it.  Glaucoma drainage devices 
(GDDs) are in common use, especially after filtration surgery failure.  
GDDs include setons and valves such as Molteno and Baervelt implants 
and Ahmed valves.  
 
The advantages of various NPDS techniques are their lack of penetration 
of the anterior chamber, less use of antimetabolites, less postoperative 
hypotony, rapid recovery of visual acuity, fewer filtration blebs (VC), 
less bleb fibrosis (CW),515,518,519 and, in general, fewer complications than 
with trabeculectomy.506,520  The disadvantages of NPDS are the 
procedures’ difficulty and length,518 lower success rates than 
trabeculectomy,518,521,522 less IOP reduction than trabeculectomy, and the 
need for postoperative ancillary procedures to maintain control of IOP. 
 
Short-term complications from filtration surgery include the 
development of shallow anterior chambers, hypotony, choroidal 
detachment, uveitis, blebitis, hyphema, suprachoroidal 
hemorrhages,371,377,523 and loss of a remaining small island of central 
vision.524  Long-term complications include corneal edema, infection, 
leaking or failure from fibrosis of the subconjunctival bleb, cataract 
formation, and endophthalmitis.377,524-528  Filtration surgery is 
contraindicated in eyes that are already blind and in patients with severe 
systemic medical problems.377 
 
Postoperative subconjunctival scarring, a common problem after 
filtration surgery, causes the IOP to return to pretreatment levels.  
Antifibrotic agents, used either during or after surgery to prevent or 
reduce scar formation, include mitomycin and 5-fluoruracil.  Injection of 
the human monoclonal antibody CAT-152 is under investigation as a 
means of neutralizing a cytokine growth factor (TGF-2) to influence 
wound healing following trabeculectomy.  A 1-year clinical trial of 
trabeculectomy demonstrated no unusual complications and a diffuse, 
non-cystic, non-vascular bleb, as well as a trend toward lower IOP.529 

 

Complications from NPDS include perforation of Descemet's 
membrane,530 iris plugging, hyphema, and encapsulated blebs521,531  
Although filtration blebs are not supposed to develop with VC, 
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subconjunctival microcysts or blebs have occurred in one-third521 to one-
half of reported cases.517,531 

 
d. Alternative Treatment Strategies 
 
Several clinical trials have evaluated ALT373,501,532,533 and filtration 
surgery372-374 as initial (primary) treatments for POAG.  The multicenter, 
randomized Glaucoma Laser Trial (GLT) and the GLT Follow-up Study 
evaluated the efficacy and safety of ALT as an alternative to topical 
medication for the initial treatment of POAG.501  The GLT investigators 
reported that eyes treated initially with ALT had lower (1.2 mm Hg) IOP, 
better (0.6 dB) VF, better ON status, and fewer days of medication than 
their fellow eyes that received topical medication initially and through 9 
years of follow-up.501  Other investigators have questioned the GLT 
research design, including assessment of the crossover effect of timolol, 
and interpreted the initial results more cautiously.534 
 
Patients receiving laser therapy as the primary form of treatment face a 
greater than 50 percent chance of requiring medications to control 
glaucoma within 2 years.  VF deterioration has accounted for nearly 
twice as many medication step changes in laser-treated eyes as in non-
laser-treated eyes.501,535 

 
A 2-year prospective, randomized study compared ALT with pilocarpine 
as the initial treatment in patients with OAG.  Especially in the case of 
PEG, ALT was more effective than pilocarpine in decreasing IOP and 
preserving the ONH and VF in high-tension glaucoma.536-538 

 

When a study performed in the United Kingdom compared filtration 
surgery to medical therapy for the initial treatment of glaucoma, the 
surgical group showed better IOP control and less VF deterioration than 
the medically treated group (success rates, 98% vs. 80%, respectively) 
after a minimum 4 years follow-up.373  Initial filtration surgery resulted 
in a mean IOP of 13.3 mm Hg, compared with 16.8 mm Hg for patients 
on medical therapy and 17.8 mm Hg for those receiving laser therapy 
(success rate, 60%) as the initial treatment.  The success rate for primary 
trabeculectomy (98%) was higher than that for surgery (79%) following 
medical treatment.539   
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The Collaborative Initial Glaucoma Treatment Study, a randomized, 
controlled clinical trial, was designed to determine whether patients with 
newly diagnosed OAG are best managed by the conventional approach 
of topical medications or by immediate filtration surgery.  The results 
show that medications often can reduce IOP to near surgically reduced 
levels with similar 5-year functional results.540  Interim results reported at 
4+ years revealed similar VF status for the medically and surgically 
treated groups, while vision loss related to cataract formation was greater 
in the surgical group.541 
 
e. Treatment of Pigmentary Glaucoma 
 
The goals and approaches to the treatment and management of PG are 
similar to those for POAG.331,332   Their medical management involves 
the use of similar drug regimens.  Prostaglandin analogs are often the 
agents of choice, due to their efficacy and safety profiles. They increase 
outflow from the eye, which has a theoretic advantage for treating PG.  
While miotic drugs also provide improved aqueous outflow, they may 
also benefit the eye by decreasing the area of contact between the 
posterior surface of the iris and the lens zonules.331,332  However, young 
people do not tolerate miotic agents well,383 and these drugs may increase 
the risk for retinal detachment in patients with PDS or PG.87,88,542 
 
Thorough examination of the peripheral retina is required before 
instituting miotic therapy.  Although the initial results of ALT in PG are 
often good, the failure rate may be greater and it may occur more quickly 
than in POAG.543  In the case of PG, younger patients seem to respond 
better to ALT than older patients.544  Argon laser iridoplasty545 and laser 
peripheral iridotomy546 are also being evaluated for the treatment of PG.  
Reverse pupil block is the proposed mechanism for the development of 
PG, and laser iridotomy is believed to break this block by equalizing the 
pressure between the anterior and posterior chambers.  This theory has 
led to the proposal that iridotomy be accepted as a modality for the 
treatment of PG. However, there is no evidence that this surgical 
approach is superior to the use of medications.547  
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f. Treatment of Pseudoexfoliation Glaucoma 
 
The goals and approach to the treatment and management of PEG are 
similar to those for POAG.  Patients with PES may respond less 
favorably to timolol and other ocular hypotensive agents.548  The IOP 
levels in PEG are often higher and seem more difficult to manage than in 
POAG.340,549-554 ON and VF damage tends to be greater in patients with 
PEG than in those with POAG.361,555  ALT is particularly effective early 
in the course of PEG556; however, the failure rate may be greater, and 
occur more quickly, than in POAG.557,558  The results of filtration surgery 
in patients with PEG are similar to results in patients with POAG, but 
complications may occur more often.559  ALT and filtration surgery are 
used earlier and more often in PEG than in POAG.549,555   
 
3. Patient Education 
 
The proper management of glaucoma requires full compliance by the 
patient.320,560.561  Patient acceptance of medical treatment for glaucoma is 
often poor, however, because the therapy, which must continue 
throughout life, is expensive and inconvenient (requiring multiple 
applications per day), and often has unwanted side effects.320,560  
Inasmuch as the disease is basically asymptomatic, patients often choose 
not to comply with the prescribed therapy.562-564 
 
One-fourth to one-half of glaucoma patients do not take their 
medications properly.565,566  A study of advanced POAG showed that the 
disease progressed in 50 percent of the patients with poor compliance but 
remained stable in 90 percent of compliant patients.351  Patient education 
regarding the benefits and risks of the treatment and proper use of 
medications is critical to ensure maximum compliance.320,560,561,567  
Continual reinforcement of the seriousness of the disease and the 
importance of following the therapy regimen is essential.  Patient 
participation in developing the treatment plan can help overcome the 
social and psychological barriers that often arise.568 
 
When initiating treatment for glaucoma or modifying the therapy, it may 
be appropriate for the clinician to conduct a uniocular trial, except with 
beta-blocking agents, due to their crossover effect320,560,561 (which can be 
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reduced by the use of nasolacrimal occlusion or punctal plugs).  This 
uniocular trial can help determine the likelihood of treatment 
effectiveness and indicate potential side effects or adverse reactions.  
Still, the use of a uniocular trial is controversial, and some have 
questioned whether a drug’s response in one eye accurately predicts the 
response in the other eye.569  The patient should be well educated 
regarding all possible side effects of the medications prescribed.  The 
clinician should inform the patient that nasolacrimal occlusion by lid 
closure or digital pressure can significantly reduce systemic absorption 
of topically applied drugs, thereby reducing the potential for side 
effects.320,560,561,567 
 
A retrospective cohort study examined health insurance claims data 
involving 3,623 cases of newly diagnosed and treated glaucoma and 
1,677 cases of suspect glaucoma.  For each of these two diagnostic 
groups, the investigators calculated the duration of continuous treatment 
with the initially prescribed medication (persistence) and the prevalence 
of use of the initial medication at various time points (adherence).  They 
included four classes of drugs: beta-blockers, alpha-adrenergic agonists, 
carbonic anhydrase inhibitors, and prostaglandin analogs.570   

The study showed that nearly half of the individuals who had filled 
glaucoma prescriptions discontinued all topical ocular hypotensive 
therapy within 6 months, and just 37 percent of these individuals had 
refilled their initial medication 3 years after the first dispensing.  Hazard 
ratios for the discontinuation of prostaglandins compared with beta-
blockers were 0.40 (95% CI, 0.35–0.44) for diagnosed patients and 0.44 
(95% CI, 0.37–0.52) for persons with suspect glaucoma.  Prostaglandins 
showed a similar advantage in adherence.  Furthermore, patients with 
diagnosed glaucoma were more likely to adhere to therapy than patients 
with suspect glaucoma (relative risk, 1.11; 95% CI, 1.05–1.18).  
Persistence and adherence were substantially better with prostaglandins 
than with other classes of drugs.570  

66  Open Angle Glaucoma 

 
 

4. Prognosis and Follow-up 
 
After the initiation of treatment for OH and glaucoma, follow-up 
examinations are required to monitor the stability of the IOP, ON, and 
VF, as well as patient compliance with the therapy, the presence of side 
effects associated with the treatment, and the effectiveness of patient 
education.  Follow-up also provides an opportunity to reconfirm the 
diagnosis.314  The management of glaucoma is a fluid, dynamic situation 
in which side effects may occur at a later time; the IOP, ON, or VF may 
change over the course of a patient’s lifetime of therapy.  Determining 
whether the disease is progressing may be clinically challenging, due to 
the difficulty, in some patients, of distinguishing subtle structural or 
functional changes representing normal fluctuation from changes caused 
by progressive glaucomatous damage.571 

 
IOP response to medical therapy also may vary on the basis of corneal 
thickness—specifically, thick corneas, which constitute a particular risk 
factor.  Addressing the question of whether CCT correlates with 
measured IOP response to topical ocular hypotensive medication, the 
OHTS investigators used Goldmann applanation tonometry to measure 
IOP and ultrasonic pachymetry to measure CCT.  They examined the 
following indicators of IOP response to topical ocular hypotensive 
medication: (1) IOP after an initial 4- to 6-week one-eyed therapeutic 
trial of a nonselective beta-blocker (549 patients) and a prostaglandin 
analog (201 patients); (2) the mean IOP response during 12–60 months 
of follow-up among 689 of the medication participants; (3) the 
percentage of follow-up visits at which both eyes met the treatment goal; 
(4) the total number of different medications prescribed to reach the 
treatment goal; and (5) the total number of different medications 
prescribed, multiplied by the number of months that each medication was 
prescribed.  CCT was inversely related to the IOP response after the 
initial one-eyed therapeutic trial and during 12–60 months’ follow-up (P 
<  0.05).  Mean CCT did not correlate with the number of different 
medications prescribed during follow-up, or with total medication 
months, or with the percentage of visits at which the IOP target was met.  
The study participants with thicker corneas had smaller measured IOP 
responses to ocular hypotensive medication than those with normal or 
thin corneas.572  
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a. Frequency of Follow-up 
 
The frequency of follow-up evaluation of a glaucoma patient under 
active treatment depends upon the IOP level342,343,345,360,364 and the 
stability and severity of the disease342,345,512 (see Appendix Figure 3).  
“Stability” refers to the status of IOP, ON, and VF.  The higher the IOP 
or the more severe the glaucoma, the more frequently the patient needs to 
be evaluated.573  Every patient diagnosed with glaucoma should be seen 
at least every 6 months.  A dilated-pupil fundus examination and 
threshold perimetry should be performed at least once per year.  The 
recommended frequencies for follow-up of patients with glaucoma are as 
follows: 
 
 OH and stable mild-stage disease:  Every 36 months, depending 

on the duration of IOP control. 
 

 Stable moderate-stage disease:  Every 24 months, depending on 
the duration of stability and the IOP. 
 

 Stable severe disease:  Every 13 months, depending on the 
duration of stability and the IOP. 
 

 Recently established stability:  Every 13 months, depending on 
both the severity of the disease and the IOP. 
 

 Unstable disease:  Cases in which IOP, ON, or VF is unstable 
require adjustment of therapy, which could involve weekly or 
biweekly follow-up for a brief period or until stability is achieved. 
 

The frequency of follow-up care after laser trabeculoplasty (see Table 6) 
involves monitoring IOP immediately (within several hours) and 
monitoring both IOP and signs of ocular inflammation at 12 weeks and 
48 weeks postoperatively.377 
 
b. Therapy Modification 
 
Unstable glaucoma requires re-evaluation of the treatment regimen, 
including reassessment of the patient's target pressure.320,560  The need to 
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modify the therapy can arise from the IOP’s being too high or from its 
being above the target pressure, as well as from lack of full compliance, 
the development of side effects from the treatment, contraindications to 
the treatment, or progressive damage, as evidenced by deterioration in 
either the status of the ON or the VFs, despite maintenance of the target 
IOP.  The target IOP represents an educated guess as to what pressure 
should control the condition; only by periodically monitoring the ON and 
VFs can the clinician be sure that the glaucomatous condition is 
controlled.  The discovery of changes is an indication that the target IOP 
needs to be reduced. 
 
Any adjustments to glaucoma therapy must be weighed against the 
potential benefit or risk to the patient.  The use of uniocular trials at the 
time of modification of medical therapy may be considered but are not 
mandatory.320  Following modification of therapy, the clinician needs to 
see the patient more frequently until stability in the progression of the 
disease has been re-established. 
 
In a study to compare the efficacy and safety of timolol maleate 0.5% 
versus brinzolamide 1%, each added to travoprost 0.004%, in patients 
with OH or POAG, the 97 patients on brinzolamide had a baseline 
diurnal IOP of 21.5 ± 2.2 mm Hg and the 95 on timolol maleate had 21.3 
± 2.5 mm Hg.  The diurnal mean IOP at week 12 was 18.1 ± 2.7 mm Hg 
for the brinzolamide group and 18.1 ± 3.0 mm Hg for the timolol group 
(P = 0.96).  The investigators found no statistical difference between 
treatment groups in the absolute level of pressure, or in the reduction in 
IOP from baseline, at any point in time or for the diurnal curve (P > 
0.05).  Nor was there a significant difference between groups for any 
adverse event (P > 0.05).  The most common side effect was conjunctival 
hyperemia in 15 of 97 (P > 0.05) patients on brinzolamide and 6 of 95 
(6%) patients on timolol (P = 0.06).  The results showed that in the 
presence of travoprost, the safety and efficacy of brinzolamide and 
timolol maleate are similar.574 
 
c.  Effectiveness of Treatment 
 
The lack of consensus on a clear definition of progression of the disease 
hinders interpretation of the effectiveness of treatment for glaucoma.8,362  
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The rate of VF loss in POAG is usually slow.575  Patients who are 
diagnosed with early glaucoma and receive appropriate treatment may 
not reach end-stage disease status for many years.192,576 
 
A prospective study showed that one-third of eyes with either POAG or 
NTG deteriorated during an average follow-up of 9 years.  The rate of 
vision loss was 3 percent per year for patients in both POAG and NTG 
groups.576  Although the rate of deterioration in that study represented a 
mean deviation of less than 0.7 dB per year,576 other investigators have 
found higher rates of deterioration (mean deviation, approximately 15 
dB per year).34,577,578  Various studies have shown worsening of VFs in 
patients with POAG ranges from 25 to 80 percent (average, about 50%) 
over 5 years.34,340,342,345,346,356,357,360,372,554,578-583  Factors associated with 
progression were treatment and follow-up IOP, age, bilaterality, 
exfoliation, and the presence of disc hemorrhages.  Also predictive of 
risk for progression of glaucoma were thinner corneas, lower systolic 
blood pressure, lower systolic perfusion pressure (blood pressure minus 
IOP), and history of cardiovascular disease. 180 
 
A few clinical studies have addressed the effectiveness of medical 
therapy for glaucoma.8,143,343  At least 40 percent of glaucoma patients 
respond immediately and consistently to medication.584  The GLT 
demonstrated, however, that after 2 years only 30 percent of medically 
treated glaucoma was controlled by a single beta-blocker.521  About 40 
percent of patients treated with prostaglandin analogs require additional 
medications and/or surgery to maintain control of glaucoma. 
Approximately three-fourths of the eyes under medical therapy have 
shown progression of the disease when followed for up to 10 
years.340,580,581   
 
The rates at which patients experience VF deterioration vary57 and often 
are associated with age.575,577  The progression of both early and 
advanced glaucoma is more likely when the IOP is higher and when 
there is greater fluctuation of IOP during therapy.512,513  In one study, 
medically treated patients with IOPs below 16 mm Hg had rates of 
progressive VF loss ranging from zero (early glaucoma) to 33 percent 
(advanced glaucoma), while the rates of progression for treated patients 
with higher IOPs (>20 mm Hg) ranged from 20 to 100 percent.360  Thus, 
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many treated glaucoma patients whose IOP is in the “normal” range do 
show progression of the disease.223,340 
 
The EMGT illustrated that 15 percent of newly diagnosed mild 
glaucomas will progress rapidly, showing VF losses that exceed 1 dB per 
year.180  This subgroup of patients needs to be identified, and, per the 
EMGT recommendation, VF testing needs to be performed on a 6-month 
basis for the first 2 years after diagnosis.  Statistical tools such as 
regression analysis (e.g., the Glaucoma Progression Analysis program) 
are useful in VF monitoring.  When the glaucoma has been identified as 
stable, yearly VF testing is appropriate.180  
 
When AGIS data were used to investigate the risk factors associated with 
progression of VF loss, the mean (± standard deviation, SD) follow-up 
time and baseline AGIS scores were 7.4 (± 1.7) and 7.7 (± 4.4) years, 
respectively.  Progression of VF loss was detected in 30 percent of eyes 
(n = 151).  Factors associated with increased odds of progression of VF 
loss were older age at the initial intervention (P = 0.0012; odds ratio 
[OR], 1.30; 95% CI, 1.11–1.50), larger IOP fluctuation (P = 0.0013; OR, 
1.31; 95% CI, 1.12–1.54), increasing number of glaucoma interventions 
(P = 0.01; OR, 1.74; 95% CI, 1.14–2.64), and longer follow-up (P = 
0.02; OR, 1.19; 95% CI, 1.03–1.38).  Repeated regression analysis for 
eyes with and without a history of cataract extraction revealed that IOP 
fluctuation was the only variable consistently associated with progression 
of VF loss.  Both increasing age and greater IOP fluctuation increased 
the odds of the progression of VF loss by 30 percent for each 5-year 
increment in age and 1-mm Hg increase in IOP fluctuation.  The 
investigators consistently observed higher risk conferred by IOP 
fluctuation in eyes with and without a history of cataract extraction.585 
 
In a study addressing the issue of blindness associated with glaucoma, 
the investigators focused on how many patients with treated glaucoma or 
OH go blind and which factors are associated with blindness.  
Retrospective evaluation of data pertaining to 106 consecutive patients 
(at diagnosis, 39 with POAG, 27 with PEG, 40 with OH) revealed that at 
their most recent visits, 17 (16%; 95% CI, 9–23) were visually 
handicapped; 13 (14%) were bilaterally blind.  Glaucoma was the cause 
of blindness in one or both eyes in 16 patients (15%; 95% CI, 8–22) and 
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in both eyes in 6 patients (6%; 95% CI, 1–10).   Analysis of only one eye 
of each patient showed a cumulative incidence of glaucoma-caused 
blindness of 6 percent (95% CI, 2–11) at 5 years, 9 percent (95% CI, 4–
15) at 10 years, and 15 percent (95% CI, 9–23) at 15 years.  Factors 
associated with increased occurrence of blindness attributable to 
glaucoma were advanced stage of glaucoma at diagnosis, IOP fluctuation 
during treatment, the presence of exfoliation syndrome, and poor patient 
compliance.  Neither a positive family history of glaucoma nor vascular 
causes of death had had any effect on visual outcome. The study’s 
reported risk of going blind from glaucoma in both eyes was 6 percent.586 

Comparison of the success rates of ALT across various studies is 
difficult because of differences in the variables affecting outcomes.  
These variables include patient selection, technique, and the criteria for 
defining a successful outcome.491  When ALT is performed as adjunct 
therapy following the use of one or more topical drugs, about 85 percent 
of eyes show a clinically significant reduction in IOP (69 mm Hg) 
within the first month following the procedure.502,503,587 
 
After 1 year, the reported rate of success in controlling the IOP with ALT 
is about 80 percent.487,489-491  After the first year, this rate declines about 
515 percent per year.487-489,535,588,589  In general, IOP is successfully 
controlled in about one-half of patients 5 years after ALT488,489,590 and in 
one-tenth481,583 to one-third483 of patients 10 years after ALT.  Repeated 
ALT has a lower success rate and a higher risk.591  SLT appears to be 
equivalent to ALT in lowering IOP.592-594  Patients who previously failed 
to improve with ALT may have a greater reduction in IOP when treated 
with SLT.532.534 
 
One study reported that ALT achieved successful control of glaucoma in 
77 percent of eyes in a predominantly African American population after 
mean follow-up of 2 years.595  After 5 years’ extended follow-up, the 
overall success rate for the same population was 46 percent.  ALT was 
more successful in the Caucasian patients than in the African Americans 
(65% and 32%, respectively).490  Other studies have found no racial 
differences in success rates for ALT. 
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In most cases, drug therapy must continue following ALT487,490; only 
infrequently (25% of cases) can medication be reduced from pre-laser 
levels.587,596  The risk of failure to control the progression of glaucoma 
with ALT is higher in younger patients,504,597 when pretreatment IOP is 
very high, and when glaucoma is more severe.488,490 
 
Various types of filtration surgery to control glaucomatous damage have 
had success rates of about 7595 percent in previously unoperated 
eyes.371,597  Postoperative medical therapy is needed in 1550 percent of 
these patients.599-602  The risk of permanent vision loss due to surgery is 
about 5 percent.369  Second-filtration procedures have a much lower 
success rate (36%).603,604  The use of intraoperative605 and 
postoperative606 antimetabolites, such as 5-fluorouracil (5-FU) and 
mitomycin, has improved the success rates for both initial and repeat 
filtration surgery. 
 
Eyes that have undergone filtration surgery are twice as likely as those 
treated medically to have no further progression of glaucomatous 
damage.343,345,582  Surgically treated patients on postoperative steroids 
have achieved a mean postsurgical IOP of 13.2 mm Hg with a 6 percent 
rate of progression of VF after 5 years,344 and a mean IOP of 13.1 with a 
17 percent rate of progression after 10 years.353  Although 15 mm Hg 
may be considered a target pressure following filtration surgery,313 long-
term follow-up has demonstrated progressive VF loss following filtration 
surgery in 1840 percent of patients with POAG, despite having IOPs in 
the normal range.342,343,345,357,358,362,364,366,526,598,601,603,607 
 
Filtration procedures are less successful in African Americans, in 
patients with neovascular or uveitic glaucoma, in children, in patients 
who have had cataract surgery, and in those whose eyes have undergone 
previous filtration surgery.377  In research focusing on the sequence of 
treatment modalities, the AGIS investigators found racial differences in 
the progression of advanced glaucoma.  The TAT sequence resulted in a 
greater reduction of IOP than the ATT sequence.  For African 
Americans, the ATT sequence resulted in a lower rate of VF loss; for 
Caucasians, ATT was more effective during the first 15 months of 
follow-up, but thereafter the TAT sequence resulted in less progression 
of VF loss.602 
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With outcomes slightly less favorable than those for trabeculectomy, 
collagen wick NPDS has helped to reduce IOPs to the lower to middle 
teens517,518; however, the NPDS success rate may or may not be higher 
with CW.518  CW resulted in an average IOP of 14.1 mm Hg after 6 
months as well as a decrease in the number of topical medications 
required for control of IOP.515  Other studies have shown a decline in 
success rate with CW over time, and a greater success with the addition 
of postoperative antiglaucoma medications.518,522  Postoperative 
outcomes are also positively influenced (15%41%) by injections of 5-
FU (25%) or goniopuncture with a Nd:YAG laser.519,522 

 
Viscocanalostomy (VC) has reportedly been successful in reducing IOP 
below 22 mm Hg in black Africans whose IOP was previously 
uncontrolled609; however, no other investigators have achieved the 85 
percent success rate reported for this procedure.521,531  VC does not result 
in as low a postoperative IOP as trabeculectomy,469 and VC success rates 
are higher when topical antiglaucoma medications are used 
postoperatively.521,531  A prospective study comparing VC with 
trabeculectomy in Caucasians who had no history of surgery reported 
success rates of 50 percent with trabeculectomy, and zero with VC at 6 
months postsurgery.  Success was defined as achieving IOP between 7 
and 20 mm Hg without medication.610 
 
The high rates of progression of glaucoma in patients under treatment, 
especially the 5075 percent using only topical medications, indicate the 
need to select target pressures that are, in general, no higher than 20 mm 
Hg for early glaucoma patients, but between 14 and 18 mm Hg for those 
with advanced glaucoma.343,345,351,352,355,360,367,501,582,610,611  A 30 percent 
reduction in pretreatment IOP is usually an effective goal for early 
glaucomas.345,347,348,353,372,612  In the AGIS, an IOP of 18 mm Hg or lower 
at every follow-up visit, averaging 12.3 mm Hg for 68 years, resulted in 
little change in the VF.236  Still, this study was not designed to evaluate 
the concept of target pressures; post hoc analysis revealed the 12.3 mm 
Hg IOP outcome.  When appropriate target pressures are achieved and 
maintained, filtration surgery and medical therapy are equally effective 
in preserving the structure and functional integrity of the eye with 
OAG.611  Target pressures need adjustment on an individual basis, 
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depending on age, cumulative risk for the progression of glaucoma, and 
the severity of the disease. 
 
Whereas in NTG the IOP is always below 21 mm Hg, aggressive 
medical or early surgical intervention is often required to achieve and 
maintain an appropriately low target pressure.513,514,612  It appears that 
lowering the IOP to 1012 mm Hg can slow the progression of VF loss 
in NTG.506,512,613-616  The Collaborative Normal-Tension Glaucoma Study 
demonstrated that reducing IOP by at least 30 percent results in a slower 
rate of VF loss,347,348 a finding that was reconfirmed after follow-up 
periods of 5617 and 10618 years.  Almost 60 percent of patients with NTG 
can maintain a 30 percent reduction in IOP with topical medication or 
ALT treatment or both.368  Nevertheless, even after lowering IOP by 30 
percent, the disease continued to progress in 12 percent of eyes with 
NTG.347  The study of NTG also showed that NTG is either slow or 
nonprogressive in nature:  About 65 percent of untreated eyes showed no 
progression of the disease over 4 years,619 and about half of the eyes 
showed no change over 57 years.347  In eyes that did have progressive 
disease, the changes occurred slowly, and there was a great variation in 
their rate of deterioration.347,348,620 

 
d. Prognosis after Treatment of Secondary Open Angle Glaucoma 
 
 Pigmentary glaucoma.  A prospective study of 110 eyes with 

PDS or PG followed for an average of 27 months showed 61 
percent remaining stable, 36 percent with progressing glaucoma, 
and 3 percent improving.41  About one-half of persons with PG 
eventually require laser or surgical treatment.87  Patients with PG 
respond well to ALT, but in contrast to those with POAG, younger 
patients with PG appear to respond to ALT better than those who 
are older.544  Chronic injury from the accumulation of pigment in 
the trabecular meshwork may make some patients with PG more 
resistant to the ameliorating effect of ALT.492  A higher percentage 
of patients with PG than with POAG, especially men,87,88 require 
surgery. 
 

 In some patients there appears to be an improvement or arrest of 
PG with increasing age, due to natural pupillary miosis and an 
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increase in axial thickness of the lens, which pushes the iris off the 
zonules.35,329,621  More often, however, the severity of PG increases 
with age, especially in patients who have increasing iris 
transillumination and increasing pigmentation of the cornea or 
lens.87 
 

 Pseudoexfoliation glaucoma.  Eyes with PEG often manifest with 
higher IOP,105 more rapid VF loss,550 and poorer response to 
medical therapy than those with POAG.551-553  Though often 
successful initially, medical treatment of PEG is not very 
satisfactory over the long term.549  One study340 found similar rates 
of VF deterioration (70%80%) in POAG and PEG patients after 
mean follow-up of 10.2 and 9.1 years, respectively.  Treatment 
consisting of ALT544,586 and filtration surgery549,622-625 with 
supplemental medical therapy is at the very least as effective for 
PEG as for POAG.  The fact that eyes with PEG may fail at a 
faster rate than those with POAG after both initial and consecutive 
ALT treatments mandates close postoperative surveillance.625  The 
reported success rates for trabeculectomy as a primary procedure 
are 79 percent at 3 years and 64 percent at 5 years in patients 
receiving medication for PEG.624 
 

5. Management of Patients with Severe, Irreversible Vision Loss 
 
Patients with POAG may suffer permanent vision loss.  In such cases, 
consultation with an optometrist who has advanced training or clinical 
experience in vision rehabilitation is advisable.  To reduce the 
debilitating effects of vision loss from POAG, patients should be 
evaluated to determine their potential to benefit from comprehensive low 
vision rehabilitation, which includes the use of specialized optical 
devices and training.  A task-oriented evaluation may include but is not 
limited to: 

 Expanded patient history and needs assessment 
 Evaluation of ocular health 

 
Refer to the AOA’s Optometric Clinical Practice Guideline on Care of the Patient with 
Visual Impairment (Low Vision Rehabilitation). 
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 Low vision assessment of visual acuity (including eccentric 
viewing) 

 Low vision refraction 
 Binocular function assessment 
 Supplemental testing, including perimetry, contrast sensitivity, and 

color vision 
 Response to optical and electronic optical enhancement devices 
 Response to selective absorption filters. 

 
Once appropriate optical requirements have been determined, the 
clinician should educate and train the patient in methods of improving 
visual function with and without optical devices.  The patient should be 
encouraged to use prescription optical and electronic optical 
enhancement devices for work, home, and social activities. 
 
The goal of low vision rehabilitation is to reduce the effects of ocular 
morbidity and enhance the quality of life.  In addition to optical 
intervention, the evaluation should include the need for non-optical 
devices, special lighting, posture aids, contrast enhancement, enlarged 
print, and non-visual methods or devices when appropriate.  These 
devices, which significantly enhance the rehabilitative process, may be 
needed to complement the use of optical and electronic optical 
enhancement devices. 
 
When indicated, the optometrist should recommend blind rehabilitation; 
occupational, vocational, and independent living counseling services; 
and psychosocial consultation.  Patients should be informed of other 
resources, including agencies that register and provide services and 
advocacy for individuals who are legally blind or have significant visual 
impairment.  These agencies can provide information regarding large-
print and talking books, independent travel aids, and other devices geared 
to improve patients' quality of life and their ability to function in their 
own households. 
 
The optometrist should provide written documentation of the patient's 
status regarding legal blindness for state and federal (Internal Revenue 
Service) tax requirements.  Local and national support groups for 
significantly visually impaired persons assist many patients in coping 
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with the anxiety and concerns of vision loss.  Such groups also provide 
information about resources to help patients function safely and 
productively in their environment. 
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CONCLUSION 
 
Primary open angle glaucoma is one of the leading causes of blindness, 
especially in older and African American populations.  Some persons 
who develop glaucoma have relatively low IOP, while others with rather 
high IOPs never show ON damage (OH).  Untreated or inadequately 
treated glaucoma will progress to vision loss.  Glaucoma cannot be 
prevented, but adequate treatment can reduce the rate and extent of 
additional damage. 
 
Although it appears that large population screenings would greatly assist 
in the early detection and, in turn, the early treatment of glaucoma, 
traditional screening tests and procedures lack adequate specificity and 
sensitivity.  A comprehensive eye examination is essential for the earliest 
possible diagnosis of POAG.  Periodic evaluation of a glaucoma suspect 
is required to detect subtle ON, NFL, PPA, and VF changes that may 
precede the overt clinical signs of the disease. 
 
Controversy exists about the relationship between the level of IOP and 
progressive damage from glaucoma.  Lowering IOP appears to reduce 
the incidence of glaucoma and its progression in both POAG and NTG 
patients.  The treatment of POAG usually begins with the use of one and 
then multiple topical medications.  As achievement of the target pressure 
becomes clinically more difficult with advancing disease, medical 
treatment is usually followed by laser trabeculoplasty and then filtration 
surgery. 
 
Coordination of the patient's care, which is essential to increasing the 
probability of success, involves communication with the patient's family 
doctor, consultation with a glaucoma specialist as appropriate, patient 
education regarding the disease, proper patient instruction, and diligence 
to ensure maximum patient compliance with the therapeutic regimen.  
Management of a glaucoma patient requires periodic comprehensive eye 
examinations, the frequency of which will vary, depending on the 
severity and stability of the disease. 
 
The effectiveness of the treatment of POAG depends on the specific 
modality and varies significantly between studies.  The majority of 
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POAG patients with maximally tolerated medical therapy will show 
progression of the disease within 10 years of initial treatment.  This rate 
of progression can be reduced with reduction of the IOP.  In only about 
one-half of cases is glaucoma adequately controlled 5 years after ALT; 
no more than one-third after 10 years.  Filtration surgery in a previously 
unoperated eye with POAG has a high initial success rate.  Target IOPs 
for maintaining stability during the treatment of POAG need to be 
adjusted on an individual basis, depending on patient age, cumulative 
risk for progression of the disease, and severity of the glaucoma.
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IV. APPENDIX 
Figure 1 

Potential Components of an Initial Glaucoma Evaluation 
 ________________________________________________________  

1. Patient History 
  Ocular and systemic risk factors and medical history 
2. Visual Acuity 
  Corrected and uncorrected visual acuity 
3. Pupil Assessment 
  Relative afferent pupillary defect 
4. Biomicroscopy 
  Evaluation of anterior and posterior ocular segment 
5. Applanation Tonometry 
  Diurnal variability 
  Symmetry 
6. Central Corneal Thickness Measurement 
7.  Gonioscopy 
  Open or closed angle 
  Primary or secondary glaucoma 
8. Assessment of Optic Nerve 
  Stereoscopic evaluation through a dilated pupil 
  Tomography 
9. Assessment of Nerve Fiber Layer 
  Stereoscopic evaluation through a dilated pupil 
  Evaluation with red-free illumination 
  Confocal scanning laser polarimetry, optical coherence 

tomography, confocal scanning laser ophthalmoscopy 
10. Assessment of Peripapillary Area 

11. Fundus Stereophotography 
  Photodocumentation of optic nerve and nerve fiber layer 
12. Visual Fields 

Standard automated perimetry 
Frequency doubling perimetry 
Short wavelength automated perimetry 
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Figure 2 
Optometric Management of the Patient with 

Primary Open Angle Glaucoma:  A Brief Flowchart 

Patient history and examination 

Assessment and diagnosis 

Initial treatment/stepwise medical therapy 
Drug categories: 
 Prostaglandin analogs 
 Adrenergic antagonists:  beta-blockers 
 Alpha2-adrenergic agonists 
 Topical carbonic anhydrase inhibitors 
 Miotics 
 Oral carbonic anhydrase inhibitors 

Long-term management 

Schedule periodic re-evaluation, per Guideline 

Surgical therapy: 
 Filtering procedures 
 Glaucoma drainage devices 
 Cyclodestructive procedures 

Laser therapy 

*Long-term management of POAG involves patient education, continuity of care, 
compliance with therapy, communication with patients’ physicians, and possibly 
comanagement with a glaucoma specialist. 
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Figure

 Frequency and Composition of Evaluation 

                                    
Type of Patient, 
Stage of Disease 

Examination 
Frequency 

 

Tonometry Gonioscopy 

New glaucoma 
patient or new 
glaucoma suspect 

Weekly or 
biweekly to 
achieve target 
pressure 

Multiple 
readings may be 
needed to 
establish 
baseline 

Standard 
classification 
and 
documentation 
at initial visit

Glaucoma suspect 6-12 months, 
depending on 
level of risk 

Multiple 
readings may be 
needed to 
establish 
baseline 

Annually 

Stable, mild 3-6 months Every visit Annually 

Stable, moderate 2-4 months Every visit Annually 

Stable, severe 1-3 months Every visit Annually 

Unstable, IOP 
poorly controlled; 
ON or VF 
progressing 

Weekly or 
biweekly until 
stability is 
established 

Every visit Initial visit and 
each time other 
clinical findings 
warrant 
reassessment

Stability recently 
established 

1-3 months Every visit;      
re-establish 
baseline 

Depends on 
severity of the 
glaucoma 

1Confocal scanning laser imaging, confocal scanning laser polarimetry, and optical 
coherence tomography are all recommended annually in glaucoma suspect patients and 
those with mild to moderate disease who can respond to standard testing. Tests may be 
performed up to 2 times per year for patients with unstable borderline control and other 
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 3 
and Management Visits for Open Angle Glaucoma 

 

ON/NFL 
Assessment 

Stereoscopic    
ON, NFL, PPA; 
Documentation 
CSLI1 Perimetry2 

 

Management 
Plan 

Dilate; optic nerve 
documentation at 
initial visit 

As part of initial 
glaucoma 
evaluation 

Repeat to 
establish 
baseline 

Prepare 
problem list 
with treatment 
plan 

Dilate every year  Annual                       
 
 

Annual Review 

Dilate every year at 
least 

Annual Annual Review 

Dilate every year at 
last 

Annual 6-12 months, 
depending on 
prior data 

Review 

Dilate every year at 
least 

Annual; 
CSLI3 

4-8 months, 
depending on 
prior data 

Review 

Dilate at initial visit 
and each time other 
clinical findings 
warrant 
reassessment  

Annual or each 
time ON or NFL 
changes 

4-6 weeks or 
as needed to 
establish new 
baselines 

Formulate new 
plan until stable 

Dilate every year Annual or each 
time ON or NFL 
changes 

Depends on 
severity of the 
disease 

Review 

  glaucoma risk factors in whom visual fields or tonometry cannot be assessed.  
2Threshold automated perimetry is recommended. 
3These tests may not be useful for monitoring stable-severe or end-stage disease. 
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Figure 4 
ICD−10−CM Classification of Open Angle Glaucoma 

 
Glaucoma  365    
Excludes: blind hypertensive eye [absolute glaucoma] (360.42) 
 congenital glaucoma (743.20-743.22) 

 
    Borderline glaucoma [glaucoma suspect]                             365.0    

 Preglaucoma, unspecified 365.00 

 Open angle with borderline findings  365.01 
  Open angle with: 
   borderline intraocular pressure 
   cupping of optic discs 

 Anatomical narrow angle  365.02 

 Steroid responders  365.03 

 Ocular hypertension  365.04 

Open-angle glaucoma  365.1 

 Open-angle glaucoma, unspecified  365.10 
  Wide-angle glaucoma NOS (no other specifications) 

 Primary open-angle glaucoma  365.11 
  Chronic simple glaucoma 

 Low tension glaucoma  365.12 

 Pigmentary glaucoma  365.13 

 Glaucoma of childhood  365.14 
  Infantile or juvenile glaucoma 

Residual stage of open angle glaucoma  365.15 

Corticosteroid-induced glaucoma  365.3 

 Glaucomatous stage  365.31 

 Residual stage  365.32 
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Glaucoma associated with disorders of the lens                      365.5 

 Phacolytic glaucoma  365.51 
 Use additional code for associated hypermature cataract  
      (366.18) 

 Pseudoexfoliation glaucoma  365.52 
 Use additional code for associated pseudoexfoliation 
      of capsule (366.11) 

 Glaucoma associated with other lens disorders  365.59 
 Use additional code for associated disorder, as: 
  dislocation of lens (379.33379.34) 
  spherophakia (743.36) 

Glaucoma associated with other ocular disorders                    365.6 

 Glaucoma associated with unspecified ocular disorder  365.60 

 Glaucoma associated with ocular inflammations   365.62 
 Use additional code for associated disorder, as: 
  glaucomatocyclitic crises (364.22) 
  iridocyclitis (364.0-364.3) 

 Glaucoma associated with vascular disorders  365.63 
 Use additional code for associated disorder, as: 
  central retinal vein occlusion (362.35) 
  hyphema (364.41) 

 Glaucoma associated with tumors or cysts  365.64 
 Use additional code for associated disorder, as: 
  benign neoplasm (224.0-224.9) 
  epithelial downgrowth (364.61) 
  malignant neoplasm (190.0-190.9) 

 Glaucoma associated with ocular trauma  365.65 
 Use additional code for associated condition, as: 
  contusion of globe (921.3) 
  recession of chamber angle (364.77) 
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Other specified forms of glaucoma                                        365.8 

 Hypersecretion glaucoma  365.81 

 Glaucoma with increased episcleral venous pressure  365.82 

 Other specified glaucoma  365.89 

Unspecified glaucoma  365.9 
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Abbreviations of Commonly Used Terms 
 
ACG  Angle closure glaucoma 
 
AGIS Advanced Glaucoma Intervention Study 
 
ALT  Argon laser trabeculoplasty 
 
AROC Average rate of change 
 
ATT ALT-trabeculectomy-trabeculectomy 
 
CAI  Carbonic anhydrase inhibitor 
 
CCT Central corneal thickness 
 
C/D Cup-to-disc ratio 
 
CI  Confidence interval 
 
COPD  Chronic obstructive pulmonary disease 
 
CSLT Confocal scanning laser tomography 
 
CW Collagen wick 
 
D Diopter 
 
dB Decibel 
 
DCT Dynamic contour tonometry 
 
EMGT Early Manifest Glaucoma Trial 
 
FDA Food and Drug Administration 
 
FDT Frequency doubling technology 
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GAT Goldmann applanation tonometry 
 
GLT  Glaucoma Laser Trial 
 
HR Hazard ratio 
 
IOP  Intraocular pressure 
 
NEI National Eye Institute of the National Institutes of Health 
 
NFL  Nerve fiber layer 
 
NPDS Non-penetrating deep sclerectomy 
 
NTG  Normal tension glaucoma 
 
OAG  Open angle glaucoma 
 
OCT Optical coherence tomography 
 
OH  Ocular hypertension 
 
OHTS Ocular Hypertension Treatment Study 
 
ON  Optic nerve 
 
ONH Optic nerve head 
 
PDS  Pigmentary dispersion syndrome 
 
PEG  Pseudoexfoliation glaucoma 
 
PERG Pattern electroretinogram 
 
PES  Pseudoexfoliation syndrome 
 
PG  Pigmentary glaucoma 
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POAG  Primary open angle glaucoma 
 
PPA Peripapillary area 
 
PSD Pattern standard deviation 
 
RNFL Retinal nerve fiber layer 
 
SWAP Short-wavelength automated perimetry 
 
TAT Trabeculectomy-ALT-trabeculectomy 
 
TIGR Trabecular meshwork-induced glucocorticoid response protein 
 
VC Viscocanalostomy 
 
VF  Visual field 
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Glossary 

 
Afferent pupillary defect  A defect of the pupillary reflex characterized 
by less constriction of both pupils when the affected eye is stimulated by 
light relative to that occurring when the unaffected eye is stimulated, as 
with the swinging flashlight test.  The defect is also known as the Marcus 
Gunn pupil. 
 
Anterior chamber  The space in the eye, filled with aqueous humor, 
bordered anteriorly by the cornea and a small portion of the sclera and 
posteriorly by a small portion of the ciliary body, the iris, and that 
portion of the lens which presents through the pupil. 
 
Apoptosis  The programmed death of cells controlled by genetic 
expression from within the cell, which can be activated by a variety of 
physiological signals or cellular injuries. 
 
Argon laser trabeculoplasty  Perforation of the trabecular meshwork of 
the angle of the anterior chamber by an argon laser beam to facilitate 
aqueous humor outflow for the treatment of glaucoma. 
 
Aqueous humor  The clear, watery fluid that fills the anterior and 
posterior chambers of the eye. 
 
Biomicroscopy  Examination of ocular tissue, using a bright focal source 
of light with a slit of variable width and height and a binocular 
microscope with variable magnification. 
 
Confocal scanning laser ophthalmoscopy  The recording of two-
dimensional sectional images for the evaluation of ocular tissue, using a 
confocal laser imaging system displayed digitally in real time. 
 
Confocal scanning laser tomography  The recording of a series of 
images along the axial axis of the eye enabling the three-dimensional 
reconstruction of the topography of the surface of the specific tissue 
under examination, using a confocal laser imaging system. 
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Confocal scanning laser polarimetry  The measurement of the 
birefringent properties of the retinal nerve fiber layer, allowing indirect 
measurement of NFL thickness. The measurements are compared against 
a normative database. 
 
Cup-to-disc ratio  The ratio of the diameter of the area of excavation of 
the surface of the optic disc to that of the diameter of the optic disc in 
any given meridian, often either the horizontal or vertical meridian. 
 
Excitotoxicity  The stimulation of neurons to death by excessive levels 
of excitatory neurotransmitters.  
 
Filtration surgery  Surgical procedures (e.g., thermal sclerostomy, 
posterior or anterior lip sclerectomy, trephination, trabeculectomy) used 
to create an alternative pathway for the outflow of aqueous humor to 
lower intraocular pressure. 
 
Fundus photography  The use of a camera with optics and an 
illumination system that permits photographing the fundus of the eye. 
 
Genetic mutation  The alteration of DNA sequencing by changes in the 
genome.  
 
Glaucoma  A group of ocular diseases with various causes that 
ultimately are associated with progressive optic neuropathy leading to 
loss of visual function.  Glaucoma is often associated with abnormally 
increased intraocular pressure. 
 
Gonioscopy  A diagnostic procedure to examine the angle of the anterior 
chamber in which a specialized corneal contact lens and a biomicroscope 
are used. 
 
Intraocular pressure  The pressure within the eye relative to the 
constant formation and drainage of the aqueous humor. 
 
Multifactorial inheritance  The determination of phenotype by multiple 
genetic and environmental factors, each making a small contribution. 
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Myocilin  A protein believed to be associated with POAG, found both 
extraocularly and in the trabecular meshwork, optic nerve, retina, cornea, 
iris, ciliary body, and sclera. 
 
Nerve fiber layer  The layer of the retina that comprises unmyelinated 
axons of retinal ganglion cells. 
 
Neuroprotection  The use of pharmacological agents, genetic alteration, 
and other means to attenuate a destructive cellular environment, thereby 
protecting neurons from secondary degeneration caused by a variety of 
primary insults (ischemia/hypoxia, stroke, trauma, degeneration). 
 
Neuroretinal rim  The tissue between the optic cup and disc margins. 
 
Nocturnal dip  The decrease in systemic blood pressure during sleep. 
 
Optical coherence tomography   A noncontact, noninvasive imaging 
technique used to obtain high-resolution cross-sectional images of the 
retina.  It is analogous to ultrasound B-scan imaging, except that it uses 
light rather than sound waves. OCT is used to measure the retinal nerve 
fiber layer thickness as well as optic nerve head and macula parameters. 
 
Optic nerve  The cranial nerve (N II) that carries visual impulses from 
the retina to the brain. 
 
Pachymetry  Measurement of the thickness of the cornea, usually done 
with an ultrasonic tool. 
 
Perimetry  Determination of the extent of the visual field for various 
types and intensities of stimuli for the purpose of diagnosing and 
localizing disturbances in the visual pathway. 
 
Peripapillary area  Tissue surrounding the optic nerve head. 
 
Polygenic  The traits or diseases caused by the impact of many genes, 
each with a small additive effect on phenotype. 
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Posterior chamber  The space in the eye delimited by the posterior 
surface of the iris, the ciliary processes, and the valleys between them, 
the zonule of Zinn, and the anterior surface of the crystalline lens.  It 
includes the canal of Hanover, the canal of Petit, and the retrolental space 
of Berger. 
 
Pulsatile ocular blood flow  The indirect assessment of choroidal blood 
flow by estimating the influx of blood into the eye during cardiac systole 
from an evaluation of the continuous IOP pulse wave. 
 
Refraction  Clinically, the determination of the refractive errors of an 
eye, or eyes (e.g., myopia, hyperopia, astigmatism, anisometropia). 
 
Reverse pupillary block  The blockage of the movement of aqueous 
humor from the posterior to the anterior chamber due to a concave 
anatomical configuration of the iris. 
 
Selective laser trabeculoplasty  The use of a q-switched Nd:YAG laser 
to selectively destroy pigmented cells in the trabecular meshwork 
without causing coagulative necrosis. 
 
Short-wavelength automated perimetry  A form of automated 
perimetry that isolates the blue cone mechanism of the visual system by 
utilizing a two-color incremental thresholding technique consisting of a 
large blue target on a bright yellow background. 
 
Tonometry  A procedure for measurement of the pressure within the 
eye.  Clinically, tonometry measures the intraocular tension. 
 
Trabecular meshwork  The meshwork of connective tissue located 
between the canal of Schlemm and the anterior chamber and involved in 
drainage of aqueous humor from the eye. 
 
Trabeculectomy  Surgical removal of a portion of the trabecular 
meshwork to facilitate aqueous humor outflow in glaucoma. 
 
Visual acuity  The clearness of vision that depends on the sharpness of 
the retinal image and the integrity of the retinal and visual pathway.  It is 
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expressed as the angle subtended at the anterior focal point of the eye by 
the detail of the letter or symbol recognized. 
 
Visual field  The area or extent of space visible to an eye in a given 
position. 
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