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1 | QUESTION

A 62-year-old male presents to the ophthalmology
service following a referral from his optometrist regard-
ing dilated fundus exam abnormalities. The patient
denies ocular symptoms and feels that his vision is
normal. His past medical history is significant for type
2 diabetes mellitus, coronary artery disease, alcoholic
liver disease, and no past ocular history. On exam,
his best corrected visual acuity is 20/25 bilaterally.
His intraocular pressure (IOP) is 16mmHg in the right

eye and 12 mmHg in the left eye. He states that his
pressures are “always around there” during visits to his
optometrist’s office. His pupils are equal, round, and
reactive to light and accommodation. Anterior segment
examination is normal and the patient is phakic. On
gonioscopy, there are open angles in both eyes and no
synechiae or abnormal pigmentation. Dilated fundus
exam shows a cup-to-disc ratio of 0.75 in both eyes and
a right eye disc hemorrhage inferotemporally. There is
peripapillary atrophy and inferoretinal neuroretinal rim
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thinning bilaterally, more severe in the right eye than
the left. The macula is flat and there is no retinal tear or
detachment. Visual field testing shows peripheral vision
loss in the superior nasal quadrants (mean deviation
-4-49 dB in the right eye and -2.01 dB in the left eye).
Optical coherence tomography (OCT) of the macula
is normal, although there is significant inferotemporal
thinning of the retinal nerve fiber layer and ganglion
cell complex thinning, more pronounced in the right eye
compared to the left eye. Corneal thickness is within
normal limits. The patient’s mother, grandmother, and
aunt have glaucoma. What is the most likely diagnosis?

A. Physiologic cupping
B. Primary open-angle glaucoma
C. Normal tension glaucoma
D. Primary angle-closure glaucoma
E. Secondary angle-closure glaucoma

2 | ANSWER
C. Given the patient’s history and clinical examination
findings, normal tension glaucoma is themost likely diag-
nosis. More specifically, findings such as bilateral nerve
cupping, chronic visual loss, thinning retinal nerve fiber
layer, normal IOP, and normal gonioscopy make this the
most likely diagnosis. Notably, a diagnosis of glaucoma
cannot be made with a single reading of IOP, and look-
ing for progression through follow-up is of utmost im-
portance. Physiologic cupping is not likely in this case
given the glaucomatous vision loss and retinal nerve
fiber layer changes. Primary open-angle glaucoma is less
likely as well given that the IOP is within the normal
range, although some sources consider normal tension
glaucoma as a subtype of primary open-angle glaucoma.
Primary and secondary angle-closure glaucoma are un-
likely diagnoses in this case as gonioscopy showed open
angles, and acute angle-closure would also present with
significantly increased IOP.

3 | INITIAL APPROACH
Intraocular pressure (IOP) is considered one of the “vital
signs” of ophthalmology and is a key parameter to as-

sess and follow in an initial approach to glaucoma. Nor-
mal mean IOP is 15 mmHg to 16 mmHg with a standard
deviation of 3 mmHg (1). Elevated IOP is typically recog-
nized as being the only modifiable risk factor for optic
nerve damage, also known as glaucoma (1). The Early
Manifest Glaucoma trial showed that a 25% reduction
in IOP can decrease glaucoma progression by up to 50%
(2). Beyond IOP, there are a number of other risk factors
for the development of glaucoma including, but not lim-
ited to, age, ethnicity, and corneal thickness. Notably,
one of the most important ophthalmological emergen-
cies is acute angle-closure glaucoma, which if left un-
treated, can lead to rapid irreversible vision loss.

The “angle” of the eye refers to the space between
the posterior cornea and the iris. This space contains
the trabecular meshwork which allows aqueous humour
to drain from the eye (3). More specifically, the aque-
ous humour clears into the trabecularmeshwork, passes
through Schlemm’s canal and the collector channels,
drains into the episcleral venous plexus, and ultimately
enters the venous system. Aqueous humour is pro-
duced by the ciliary body and fills the anterior chamber,
thereby contributing to IOP.

There are important elements of the patient’s med-
ical history that need to be elicited when a patient is
presenting with an elevated IOP. Importantly, the pa-
tient should be asked about relevant past ocular his-
tory, including but not limited to past ophthalmic surg-
eries, uveitis, or trauma (4). Additionally, the clinician
should determine the patient’s general past medical his-
tory, ethnicity, currentmedications, eyedrop use, as well
as family history of glaucoma and other ocular condi-
tions (4). A particular emphasis should be placed on any
steroid and hypotensive medications alongside any his-
tory of diabetes mellitus, autoimmune conditions, sleep
apnea, migraines, or Raynaud’s disease. The majority
of patients with primary open-angle glaucoma, which is
the most common form of glaucoma, are asymptomatic
and incidentally diagnosed; however, it is important to
ask about any self-perceived changes to patients’ visual
acuity as well.

The most relevant clinical exammaneuver is the mea-
surement of IOP. The gold standard of measurement is
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the Goldmann Applanation tonometer, although there
are other tools such as the Tonopen and iCare which
are typically used for screening (1, 5). The anterior seg-
ment slit lamp examination can provide important in-
formation regarding glaucoma etiology. For example, a
Krukenberg spindle and transillumination (i.e. pigment
dispersion syndrome), signs of pseudoexfoliation, or iris
neovascularization secondary to diabetes can all provide
vital information in diagnosis. The patient’s lens status
is also an important consideration as cataracts can be a
predisposing factor for glaucoma.

Next, gonioscopy is the gold standard for determin-
ing whether the angle is open or closed (1). It is impor-
tant to note that myopic eyes are at increased risk of
open-angle glaucoma and reduced risk for angle-closure
glaucoma. Further, dilated fundus exam is essential,
specifically in determining the optic nerve cup-to-disc
ratio and inspecting for disc hemorrhages (1). Con-
trasting the cup-to-disc ratio between eyes and exam-
ining the peripheral retina to are also key investigations
for ruling out other pathologies that could contribute
to elevated IOP, such as retinal detachment or uveitis.
When analyzing the optic nerve head, a common “5 R’s”
mnemonic can prove useful: observing the scleral ring
to determine the limits of the optic disc size, identifying
the rim size, inspecting the retinal nerve fiber layer, as-
sessing for regions of peripapillary atrophy, and looking
for disc or retinal hemorrhages.

Relevant investigations of IOP typically include op-
tical coherence tomography (OCT) of the macula and
optic nerve head, with a particular focus on the retinal
nerve fiber layer and ganglion cell complex thickness.
Ganglion cell thinning typically occurs first, followed by
retinal nerve fiber layer thinning and, although the exact
pathogenesis is not well established, oxidative stress is
hypothesized to play a role (6). Visual field loss can be in-
versely correlated to the location of thinning (7). Visual
field testing is insurmountably important in quantifying
vision loss and is typically done in an outpatient set-
ting. Data obtained from visual field testing can be cross-
referenced with OCT retinal nerve fiber layer changes.
Note that a thinner central corneal thickness (CCT) is
an independent risk factor for glaucoma, so measuring

corneal thickness is typically done with pachymetry in
an outpatient setting as well. In some centers, ultra-
sound biomicroscopy or OCT can also be used to evalu-
ate the anterior angle.

4 | BEYOND THE INITIAL AP-
PROACH

This section provides further information about open-
angle and closed-angle glaucoma and is further divided
into primary and secondary glaucoma. Primary glau-
coma does not have a defined cause, whereas secondary
glaucoma has a known underlying cause. Ocular hy-
pertension and physiologic cupping are also discussed
briefly in this section.

4.1 | Ocular Hypertension and
Physiologic Cupping

Ocular hypertension is defined as elevated IOP without
glaucomatous optic nerve head changes or visual field
changes, while physiologic cupping is the presence of
an increased cup-to-disc ratio with normal IOP and vi-
sual fields. Neither of these diagnoses are patholog-
ical, although patients with ocular hypertension have
an increased risk of developing glaucoma in the future
and should be monitored closely (8). The Ocular Hy-
pertension Treatment Study outlined several risk factors
for progression of ocular hypertension to primary open-
angle glaucoma including age, greater vertical and hori-
zontal cup-disc ratio, pattern standard deviation, higher
intraocular pressure, and thinner CCT (9). Many online
calculators have been created based on the findings of
this study to assess the risk of progression from ocular
hypertension to glaucoma, which can be found on web-
sites such as MDCalc (10).

4.2 | Primary open-angle glaucoma

Primary open-angle glaucoma is the most common type
of glaucoma in the Western World and is a problem of
idiopathic reduced trabecular outflow (11). Risk factors
include increased age, male sex, hypertension, diabetes
mellitus, and African or European ethnicity (9, 12). Pri-
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mary open-angle glaucoma is a chronic condition char-
acterized by peripheral vision loss and can bemonitored
using visual field testing with perimetry, cup-to-disc ra-
tio measurement, and retinal nerve fiber layer thickness
(12). Screening for primary open-angle glaucoma is cru-
cial, with over 50% of glaucoma cases being hypothe-
sized to remain undiagnosed (12).

4.3 | Normal tension glaucoma

Normal tension glaucoma is a type of open-angle glau-
coma where there is glaucomatous damage, but the IOP
is within normal range. Some sources consider normal
tension glaucoma as a subtype of primary open-angle
glaucoma (11). Visual field defects, retinal nerve fiber
layer thinning, or cupping of the nerve alongside normal
IOP would raise suspicion for normal tension glaucoma
(13). Although risk factors remain poorly understood,
this condition is hypothesized to be related to vascu-
lar degeneration and neurodegenerative processes; as-
sociated conditions include Alzheimer’s dementia, mi-
graines, Raynaud’s phenomenon, low blood pressure,
and sleep apnea (13).

4.4 | Secondary open-angle glaucoma

Secondary open-angle glaucoma includes several condi-
tions; however, this subsection will focus on the most
common ones. Pseudoexfoliation glaucoma is not fully
understood but results in the production of white, fib-
rillary deposits in the anterior segment of the eye lead-
ing to clogging of the trabecular meshwork (14). Zonu-
lar weakness, higher IOP at presentation, and aggres-
sive progression are characteristics of this disease (15).
Pigmentary dispersion syndrome occurs secondary to
pigment separating from the iris which, similar to the
mechanism pseudoexfoliation glaucoma, prevents out-
flow through the trabecular meshwork (14). Pigmentary
dispersion syndrome generally presents in younger pa-
tients with transillumination defects, Krukenberg spin-
dles in the corneal endothelium, and significant pigmen-
tation of the trabecular meshwork. In uveitic glaucoma,
anterior chamber cells interfere with aqueous outflow.

Notably, IOP is decreased in many types of uveitis (e.g.
herpes simplex virus uveitis). Prolonged corticosteroid
use plays a key role in cases of elevated IOP associated
with uveitis (14). Steroid-induced glaucoma is an im-
portant secondary cause of glaucoma to make note of
as many medical conditions are treated with systemic
or topical steroids. Monitoring IOP after initiation of a
topical steroid is essential, and IOP typically decreases
shortly after the termination of steroid medication (14).

4.5 | Primary angle-closure glaucoma

Primary angle closure (PAC) occurs when there is occlu-
sion of the anterior angle of the eye preventing aque-
ous outflow through the trabecular meshwork without
a predisposing secondary cause. Primary angle closure
glaucoma (PACG) is defined as PAC with damage to the
optic nerve. A primary angle closure suspect (PACS) is
someonewho has narrow angles as determined through
gonioscopy. Hyperopia, female sex, and Inuit or Asian
ethnicity are all risk factors for angle-closure glaucoma
(16). Acute angle-closure leads to dramatic increases
in IOP and can cause symptoms such as decreased vi-
sual acuity, halos, glare, headaches, nausea, vomiting,
and a sensation of retro-orbital pressure. Chronic angle-
closure refers to gradual narrowing of the angle leading
to progressive glaucomatous damage (17). Patients with
a narrow iridocorneal angle are at risk for periodic angle-
closure attacks and can have chronic, progressive dam-
age to their optic nerves as well. Over time, iridotrabec-
ular synechiae may be observed (17).

4.6 | Secondary angle-closure glaucoma

Secondary angle-closure can be further subdivided
based on the presence or absence of pupillary block.
Secondary pupillary block occurs when the iris moves
posteriorly or the lens moves anteriorly and blocks com-
munication between the posterior and anterior cham-
ber, leading to a dramatic increase in IOP (16). Pupil-
lary block can also be caused by posterior synechiae in
the context of uveitis, or by iris and angle neovascular-
ization in the context of diabetes mellitus (i.e. neovas-
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cular glaucoma). In neovascular glaucoma, the chronic
contraction and proliferation of blood vessels leads to
angle-closure glaucoma (17).

Drug-induced angle closure glaucoma with or with-
out pupillary block is also possible. Adrenergic agonists,
anticholinergics, and medications with anticholinergic
side effects have been associated with angle-closure
glaucoma with pupillary block (16). Sulfonamides, anti-
coagulants, and cholinergics have been associated with
angle-closure glaucoma without pupillary block, mostly
caused by anterior movement of the lens-iris diaphragm
(16).

4.7 | Management

Medical (ie. non-surgical) management of open-angle
glaucoma is standard for the treatment of glaucoma,
with the four most common classes of topical med-
ications used being prostaglandin analogues, beta-
blockers, cholinergic agonists, and carbonic anhydrase
inhibitors (12). Given that the majority of patients are
asymptomatic and do not feel any direct benefits of
treatment, compliance remains one of the biggest chal-
lenges in glaucoma treatment (19). Selective laser tra-
beculoplasty to increase aqueous outflow has become
commonplace in newly diagnosed open-angle glaucoma
patients. In severe cases, surgical management options
are considered including trabeculectomy, placement of
a glaucoma drainage device, cataract surgery, or mini-
mally invasive glaucoma surgery such as placement of
intraocular stents (12). Angle-closure glaucoma is man-
aged by resolving angle closure using laser peripheral iri-
dotomy immediately or, in some cases, with clear-lens
extraction (17, 20). Notably, a patient with unilateral
acute angle closure has an increased likelihood of ex-
periencing angle closure in the contralateral eye. Thus,
peripheral iridotomy is typically performed in the con-
tralateral eye as well. Prophylactic peripheral iridotomy
was first explored byHe et al. (2019) in the ZAP trial and
is commonplace in many practices for patients with nar-
row anterior angles (21). Pilocarpine and oral carbonic
anhydrase inhibitors can also be used for acute lowering
of IOP.
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5 | FLOWCHARTS

FLOWCHART 1 Algorithm for glaucoma classification and diagnosis, based on history and physical exam findings.


