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ABSTRACT
Purpose of Review: Toxic, nutritional, hereditary, traumatic, and neoplastic optic
neuropathies result in significant disability due to visual dysfunction. Many of these
conditions are treatable. Early diagnosis may allow for intervention to stabilize or
improve vision and prevent unnecessary testing. These conditions have overlapping
clinical features, and careful assessment of the visual system allows for accurate
diagnosis and management.
Recent Findings: Newer treatment strategies are available for optic neuropathies
previously thought untreatable, such as some hereditary optic neuropathies. Many
conditions that previously were felt to represent distinct diseases can be linked by a
common pattern of mitochondrial dysfunction.
Summary: The optic nerve is susceptible to a wide variety of pathologic processes.
The correct diagnosis depends on a thorough history and detailed evaluation of the
visual system. Certain optic neuropathies selectively affect the papillomacular
bundle, and particular attention to this location can considerably narrow the
differential diagnosis and subsequent workup.
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INTRODUCTION
The optic nerve is susceptible to a
number of pathologic processes,
which reflect standard mechanisms of
disease, eg, vascular, inflammatory,
toxic, nutritional, compressive, infiltra-
tive, hereditary, and traumatic. The
term optic neuropathy denotes dam-
age to the optic nerve from any
etiology. The optic nerve has a rela-
tively limited repertoire of responses
to injury; therefore, many causes of
optic nerve dysfunction may cause
similar clinical manifestations. For ex-
ample, optic nerve swelling can repre-
sent elevated intracranial pressure,
inflammation from demyelinating
optic neuritis, ischemic optic neurop-
athy, or an optic nerve sheath menin-
gioma, with an identical appearance to

the optic nerve for all of these diverse
etiologies. The history and key ele-
ments of the examination (eg, visual
field, visual acuity, color vision) help
to distinguish among the various
causes and guide workup. This article
focuses on toxic, nutritional, heredi-
tary, traumatic, and neoplastic optic
neuropathies.

A metabolic optic neuropathy is defined
as optic nerve dysfunction caused by an
exogenous substance that causes rela-
tively selective damage to the optic
nerve (toxic optic neuropathy) or a
nutritional deficiency that impairs optic
nerve function (nutritional deficiency
optic neuropathy). A hereditary optic
neuropathy implies optic nerve damage
secondary to an underlying genetic
disease that includes optic neuropathy
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as a major component of its phenotype.
Many of these conditions can be sub-
sumed under a broader category of
mitochondrial optic neuropathies.
Emerging evidence suggests that a large
number of optic neuropathies involve
primary or secondary mitochondrial
dysfunction.1

With some important exceptions,
noted below, all metabolic (mitochon-
drial) optic neuropathies have similar
clinical features and present in a similar
manner. These conditions selectively
affect the papillomacular bundle, the
collection of retinal ganglion cells and
axons that subserve central vision. Im-
pairment of the papillomacular bundle
causes characteristic clinical findings,
including (1) reduced visual acuity, (2)
impaired color perception, (3) central
(involving fixation only) or cecocentral
(involving fixation and the blind spot)
visual field defects (Figure 5-1), and (4)
temporal optic disc pallor.

With some exceptions, all of the nutri-
tional, toxic, and hereditary optic neurop-
athies described in this section have
similar clinical presentations (Table 5-1).

Onset is painless and in most cases
bilateral and symmetric. A relative
afferent defect is usually absent, given
the symmetry of visual loss. The optic
disc appearance early in the course
often is normal, as it takes up to
8 weeks for visible pallor to develop
after the optic nerve has been injured.
True optic disc swelling and hyperemia
are less common and when present are
usually mild. Severe optic disc swelling
with hemorrhages is rare. Bitemporal
scotomas (Figure 5-2) can occasionally
mimic the cecocentral scotomas seen
with most of these disorders. Bitem-
poral scotomas usually indicate a lesion
affecting the posterior aspect of the
optic chiasm (eg, a suprasellar me-
ningioma or craniopharyngioma) in
which the macular fibers cross. Etham-
butol optic neuropathy can cause a
bitemporal scotoma,2 but a true
bitemporal scotoma, with respect of
the vertical meridian, is rare with most
toxic and nutritional optic neuropathies.
Therefore, unless compelling clinical
evidence supports a metabolic or he-
reditary cause for optic neuropathy,

KEY POINT

h A wide variety of optic
neuropathies can
manifest with similar
clinical findings. The
management and
prognosis for each optic
neuropathy may differ
considerably. Historical
clues and key elements
of the examination,
coupled with selective
ancillary tests, are
usually sufficient to
achieve an accurate
diagnosis.

FIGURE 5-1 Goldmann perimetry visual fields in a patient with bilateral vitamin B12Ydeficiency optic neuropathy. Visual
acuity was 20/200 in both eyes. Both eyes demonstrate cecocentral scotomas, defined by involvement of
both fixation and the blind spot. The left eye is shown on the left and the right eye is shown on the right.
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KEY POINT

h With a few exceptions,
all metabolic and
hereditary optic
neuropathies selectively
affect the papillomacular
bundle, a collection of
retinal ganglion cells and
their axons that subserves
central vision, contrast
sensitivity, and
color vision. The resulting
defects (reduced visual
acuity, dyschromatopsia,
cecocentral visual field
defects, temporal optic
disc pallor) reflect
preferential
papillomacular bundle
dysfunction, and allow for
a narrowed differential
diagnosis.

TABLE 5-1 Expected Clinical Characteristics of Most Toxic, Nutritional,
and Hereditary Optic Neuropathies

b Gradual, symmetric progression

b Painless onset

b Dyschromatopsia (loss of color perception)

b Central/cecocentral visual field loss

b Visual acuity greater than hand motion

b No optic disc swelling

b No macular symptoms (eg, metamorphopsia, light sensitivity, micropsia)

b Improvement after removing the offending agent or nutritional repletion

FIGURE 5-2 A bitemporal scotoma in a patient with ethambutol optic neuropathy. Note that
the bitemporal defect involves only the central field and spares the periphery. The
left eye is shown on the left and the right eye is shown on the right.
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neuroimaging is warranted to prevent
delay of diagnosis.

The papillomacular bundle is ana-
tomically and physiologically distinct
from other CNS axons and even from
retinal ganglion cell neurons and axons
(Figure 5-3). As part of the retinal
nerve fiber layer, papillomacular bun-
dle axons (along with other retinal
ganglion cell axons) are unmyelinated
and consequently cannot rely on saltatory
conduction, resulting in higher energy
demands for axonal transport.1,3 They are
also narrower in caliber than other retinal
ganglion cell axons, rendering them more
vulnerable to energy depletion and the
accumulation of reactive oxygen species.4

Mitochondria selectively accumulate at
the optic nerve head, as this forms an
anatomic ‘‘chokepoint,’’ where 1.2 million
axons make a relatively acute turn to pass
through an anatomically confined space.
The optic nerve head is therefore a
location with increased susceptibility to
energy failure and oxidative stress. This
helps explain why mitochondrial dysfunc-
tion (due to mutation, toxin, or nutritional
deficiency), which should be present in
every cell and tissue in the body, prefer-
entially causes optic neuropathy.

Mitochondrial optic neuropathies
(toxic, nutritional, and hereditary) can
occasionally be mistaken for primary
macular disease, or vice versa. Macu-
lopathies can involve central vision but
less frequently impair color vision, and
usually cause central or paracentral,
rather than cecocentral, visual field
defects. Hydroxychloroquine-related
maculopathy in particular can present
with central visual loss and can mimic a
primary optic neuropathy (Figure 5-4).
The workup and management for a
patient with maculopathy versus optic
neuropathy differs considerably, but
careful history taking and examination
allow accurate localization (Table 5-2).

NUTRITIONAL OPTIC
NEUROPATHIES
Although a variety of nutritional defi-
ciencies have been implicated in optic
nerve dysfunction, many of these
associations are anecdotal and a causal
relationship is uncertain. Multiple nu-
tritional deficiencies are often present,
and identifying the specific vitamin
responsible for the optic neuropathy
can be challenging. With the excep-
tion of vitamin B12 deficiency, no
nutritional deficiency has been proven
unequivocally to cause optic neuropa-
thy, and few good animal models are
available for this condition.5

The prevalence of nutritional defi-
ciency optic neuropathy is generally
low in developed countries, although
its incidence may be increasing with
the rise in gastric bypass procedures
and secondary reduction in vitamin
absorption.6

Some general rules are applicable
to all optic neuropathies causally re-
lated to nutritional deficiency. (1) The
patient should be nutritionally defi-
cient for a long-enough period, usually
several months, to deplete nutrient
stores. (2) Evidence of malnutrition
(eg, weight loss, wasting) should be

KEY POINTS

h The papillomacular bundle
axons are smaller in caliber
than other retinal
ganglion cell fibers and
are more vulnerable to
energy depletion and
reactive oxygen species.
They are therefore
uniquely susceptible to
mitochondrial dysfunction
from any cause.

h Macular disease can
mimic optic neuropathy,
and failure to accurately
localize may result in
unnecessary
neurodiagnostic testing
and delay in diagnosis.
Features favoring
maculopathy over optic
neuropathy include
metamorphopsia,
sparing of color vision,
presence of pain, and
lack of a relative
afferent pupillary defect.

FIGURE 5-3 Color fundus photograph demonstrating
papillomacular bundle fibers running from
the temporal optic disc to the fovea (arrow).
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available, or a defined cause for the
reduced vitamin level (eg, vitamin B12

deficiency in Crohn disease) should
be determined. Other clinical findings
may support a diagnosis of nutritional
deficiency, including peripheral neu-
ropathy, keratitis, or cutaneous or
mucous membrane changes, although
these are not always present.5

The clinical findings are remarkably
similar for nearly all forms of nutri-
tional deficiency optic neuropathy
(Table 5-1). Rapid progression can
occur in some cases. Visual loss in

one eye and no findings in the other
eye would argue strongly against nu-
tritional deficiency optic neuropathy.
The extent of visual acuity loss varies
considerably, but visual acuity worse
than hand motion is rare, as the
nonYpapillomacular bundle fibers are
spared. Color perception is affected
early. Fundus examination may show
temporal optic disc pallor, again
reflecting papillomacular bundle loss;
however, the fundusmay be completely
normal early on. All of the vitamins
associated with nutritional deficiency

KEY POINT

h Very few nutritional
deficiencies have been
conclusively proven to
cause optic neuropathy.
Many patients harbor
more than one
nutritional deficiency, so
clinicians should
exercise caution when
attributing optic
neuropathy to a
nutritional deficiency
without good evidence.

F
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4
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C

FIGURE 5-4 Color fundus photographs demonstrate normal-appearing optic discs but
pigmentary changes in both maculae (arrows) in a 72-year-old woman who was
referred to the neuro-ophthalmology clinic with presumed bilateral optic
neuropathy. She had a history of Sjögren syndrome and had been treated with
hydroxychloroquine for the previous 20 years. Visual acuity was 20/40 in both eyes.
The right eye is shown on the left, and the left eye is shown on the right.

TABLE 5-2 Clinical Features Differentiating Maculopathy From Optic
Neuropathy

Clinical Feature Maculopathy Optic Neuropathy

Reduced visual acuity Frequent Frequent

Metamorphopsia (distortion or
change in shape of viewed objects)

Often present Rare

Altitudinal/arcuate defect Rare Common

Dyschromatopsia (loss of color
perception)

Less common Very common and
often severe

Relative afferent pupillary defect Rare unless severe Always if unilateral

Photostress recovery testinga Prolonged recovery
(945Y69 seconds)

Normal recovery

a Best corrected visual acuity is measured. Bright light shined into eye for approximately 10 seconds;
recovery of visual acuity should occur within about 45 to 60 seconds if the macula is normal.
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optic neuropathy are involved in mito-
chondrial oxidative phosphorylation,
and their deficiency would be expected
to result in the depletion of energy and
the accumulation of free radicals.7

The diagnosis of nutritional deficiency
optic neuropathy can be supported by
laboratory evidence, including serum
vitamin levels, serum protein concentra-
tion, or routine laboratory studies such
as blood count (eg, showing amacrocytic
anemia with vitamin B12 deficiency).

Vitamin B12–Deficiency Optic
Neuropathy
Vitamin B12 deficiency in developed
countries occurs most frequently in the
setting of pernicious anemia. Other
conditions that can result in vitamin
B12 deficiency include damage to or
surgical resection of the terminal ileum
(in patients with Crohn disease) and
previous bariatric surgery. Lack of vita-
min B12 in the diet is the rarest cause,
usually only seen in strict vegans. In
addition to optic neuropathy, vitamin B12
deficiency can cause a megaloblastic
anemia, as well as subacute combined
degeneration of the spinal cord and
peripheral neuropathy. A recent major
review discusses current strategies for
suspecting, identifying, and treating vita-
min B12 deficiency.

8

The optic neuropathy associated
with vitamin B12 deficiency follows the
standard rules outlined in this section
and in Table 5-1. Vision loss may
precede anemia or other neurologic
symptoms. The diagnostic testing for
vitamin B12 deficiency should include
serum vitamin B12 levels; however, the
diagnosis may not always be straight-
forward.8,9 Methylmalonic acid and
homocysteine levels are both increased
in vitamin B12 deficiency, and may
suggest relative vitamin B12 deficiency
even in the setting of low normal vitamin
B12 levels. However, both methylmalonic
acid and homocysteine levels can

be elevated in patients with renal in-
sufficiency, and homocysteine levels
are influenced by a variety of factors,
including tobacco and alcohol use.8

Misdiagnosis of vitamin B12Ydeficiency
optic neuropathy may result in delay of
diagnosis of the true underlying cause.

Vitamin B12Ydeficiency optic neurop-
athy is one of the few nutritional de-
ficiency optic neuropathies with good
experimental evidence for a causal rela-
tionship. Primate models for this condi-
tion show that the optic neuropathy is
caused by demyelination of nerve fi-
bers.10 Studies suggest that the mecha-
nism of injury to the optic nerve may
involve buildup of toxic levels of cyanide
or improper fatty acid synthesis leading
to dysfunction of myelin.10

Prompt recognition and treatment
with parenteral hydroxycobalamin or
high-dose oral vitamin B12

8 may re-
verse existing visual loss as well as
prevent further visual deterioration.

Thiamine Deficiency
Thiamine (vitamin B1) is a cofactor for
several mitochondrial enzymes, and in
animal models thiamine deficiency re-
sults in impaired cellular production
of energy. Visual loss in the setting of
thiamine deficiency is rare. Optic
neuropathy has been reported in
association with Wernicke encepha-
lopathy, traditionally in the context of
alcohol abuse and malnutrition.11 The
incidence of Wernicke encephalopa-
thy may be increasing because of the
popularity of bariatric surgery, partic-
ularly gastric bypass, the procedure
with the greater risk of subsequent
malabsorption. The optic neuropathy
associated with Wernicke encephalop-
athy is to some degree distinct from
other forms of nutritional deficiency
optic neuropathy in that visual loss is
often acute to subacute, and disc
swelling (sometimes quite severe) is
a prominent feature in most cases.12,13

KEY POINTS

h The vitamins implicated
in nutritional deficiency
optic neuropathy are
involved in mitochondrial
energy production, and
deficiency of any of these
can result in bioenergetic
failure and increased
oxidative stress.

h Optic neuropathy resulting
from B12 deficiency
should follow the ‘‘rules’’
of nutritional deficiency
optic neuropathy.
Laboratory confirmation
of B12 deficiency is
sometimes challenging,
and incorrect diagnosis
of B12 deficiency optic
neuropathy can result in
the delay of diagnosis
and treatment.
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The recovery of vision with appropri-
ate thiamine supplementation is usu-
ally complete and often dramatic.

The diagnos i s o f Wern icke
encephalopathyYassociated optic neu-
ropathy is in many cases presumptive,
based on clinical features, neuroimag-
ing findings, and response to thiamine
treatment. Serum and plasma thia-
mine levels have poor sensitivity and
specificity (less than 10% of blood
thiamine is contained in plasma);
and, since delayed treatment may lead
to irreversible neurologic injury, sup-
plemental thiamine is often given
empirically before levels can be
drawn.13 Whole blood thiamine test-
ing is superior to serum or plasma
levels, but results may take several
days to obtain. An acute anterior optic
neuropathy in the setting of malnutri-
tion or previous gastric bypass proce-
dure should raise suspicion for
Wernicke encephalopathy and prompt
expedited diagnostic testing and sup-
plementation with thiamine.

Other Nutritional Deficiency
Optic Neuropathies
Some reports suggest that optic neu-
ropathy may be also associated with
deficiencies in riboflavin, niacin, folic
acid, and pyridoxine, but a causal
relationship is uncertain, as these
deficiencies are often found in severely
malnourished patients, and identifica-
tion of the specific vitamin deficiency
leading to optic neuropathy is difficult.

Copper deficiency has been associ-
ated with optic neuropathy. Pineles
and colleagues14 reported two pa-
tients with combined optic neuropa-
thy and myelopathy secondary to
copper deficiency. A confounding fac-
tor is that both patients also had
vitamin B12 deficiency, but the authors
argue that the visual loss progressed
despite correction of vitamin B12

levels and only stabilized after copper

supplementation. Neither patient re-
covered vision after supplementation.
The mechanism is uncertain but may
relate to impaired mitochondrial func-
tion secondary to hypocupremia.

A reasonable approach for patients
with suspected nutritional deficiency
optic neuropathy is to exclude alter-
nate etiologies (with neuroimaging),
and obtain vitamin B12 levels, com-
plete blood cell count, and metabolic
panel, and pursue less common nutri-
tional deficiency optic neuropathies
(eg, thiamine, copper) if the initial
screen is negative and clinical suspi-
cion remains high.

TOXIC OPTIC NEUROPATHIES
A toxic optic neuropathy refers to optic
nerve dysfunction caused by exposure
to an exogenous agent that is directly
harmful to the optic nerve. As with
nutritional deficiency optic neuropa-
thy, a large number of drugs and toxins
have been linked to optic neuropathy,
but the strength of the relationship
relies primarily on case reports and
small case series, with no proven causal
connection. Since in many cases the
treatment of toxic optic neuropathy is
discontinuation of the offending agent
(which may be an essential treatment
for the specific underlying disease), the
clinician should establish as high a level
of certainty as possible that the medi-
cation is causing the visual loss.

Sadun and colleagues propose five
postulates, or criteria, for a toxic optic
neuropathy, adapted to some degree
from Hill’s causal criteria.1,15

1. Scientific plausibility for a causal
relationship should be present:
Why should retinal ganglion cells
and their axons be susceptible?

2. A clinical dose-response curve
(although this may not apply in
some toxins that exhibit a threshold
effect) should be present.

KEY POINT

h An acute or subacute
bilateral optic
neuropathy in the
setting of suspected
nutritional deficiency
should prompt
expedited testing for
and treatment of
thiamine deficiency,
even if more classic
features of Wernicke
encephalopathy
are absent.
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3. Longer duration of exposure is a
risk factor.

4. Recovery to some degree should
occur after removal of the
offending toxin.

5. Asymmetry should be exceptional.

Along with these criteria, a perhaps
more obvious criterion could be added:
a reasonable temporal relationship, ie,
the offending drug should be started
before the onset of visual symptoms and
be taken for a long-enough period of
time to exert toxic effects. Such strict
criteria may be difficult to satisfy in the
clinical setting, since susceptibility varies
from one individual to another, but the
more of these criteria that are met, the
greater the likelihood of causality. In this
article, discussionwill be limited to those
toxic optic neuropathies that fulfill most
of the postulates, and include several
that are of historical or social or topical
relevance. Table 5-3 provides a list of
toxins and medications associated with
optic neuropathy, highlighting those
agents with the strongest associations.

With some exceptions, toxic optic
neuropathies obey the rules in Table 5-1
for mitochondrial and metabolic optic
neuropathies. The diagnosis is usually
based on a high index of clinical suspi-
cion, excluding alternate causes (includ-
ing compressive optic neuropathies),
and the stabilization and improvement
of vision after discontinuation of the
toxin. In many (perhaps most) cases,
the drug interferes with mitochondrial
oxidative phosphorylation, triggering
optic nerve dysfunction. Carelli and
colleagues16 discuss the selective vulnera-
bility of retinal ganglion cell neurons
and axons to mitochondrial dysfunction,
particularly in the context of toxic optic
neuropathy.

Ethambutol
Ethambutol is the most common cause
of toxic optic neuropathy, accounting

for 100,000 new cases every year. The
primary indication for ethambutol is
the treatment of tuberculosis, and it is
estimated that approximately 55% of
patients treated for tuberculosis world-
wide use ethambutol as part of their
treatment regimen.17

Ethambutol inhibits arabinosyltrans-
ferase, an important enzyme in myco-
bacterial cell membrane synthesis. It
also impairs oxidative phosphorylation
and mitochondrial function by inter-
fering with iron-containing complex I
and copper-containing complex IV. It
is a metal chelator and may reduce the
level of copper, possibly contributing to
the optic neuropathy; some evidence
suggests that zinc may play a role in
ethambutol toxicity.1,14,18 The mecha-
nism of optic neuropathy is uncertain,

KEY POINTS

h Most of the reported
associations between
specific drugs/toxins and
optic neuropathy are
based on anecdotal
reports, and a true causal
relationship is uncertain.
Before recommending
discontinuation of a
specific agent, the
physician should establish
with as much certainty
as possible that the
medication is responsible
for the visual loss,
particularly if it is a
medication vital to the
treatment of another
disease.

h Ethambutol optic
neuropathy is the best
described and most
common toxic optic
neuropathy. This
condition can occur
even at ‘‘safe’’ doses
and may cause
irreversible visual loss if
not detected early. All
patients on ethambutol
should receive periodic
screening, with special
attention paid to
papillomacular bundle
function (eg, visual
acuity, color vision,
visual field).

TABLE 5-3 Drugs and Toxins
AssociatedWith Toxic
Optic Neuropathya

b Drugs

Ethambutol

Linezolid

Isoniazid

Dapsone

Cyclosporine

Tacrolimus

Paclitaxel

Amiodarone

Disulfiram

Sildenafil/phosphodiesterase
type 5 inhibitors

b Toxins

Carbon monoxide

Methanol

Ethylene glycol

Tobacco

Cisplatinum

Nitrosoureas

a Italicized items in lists are drugs or toxins
strongly associated with optic neuropathy.
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but may be secondary to mitochondrial
dysfunction at the level of retinal
ganglion cell axons and neurons in
the papillomacular bundle.

A clear dose-response effect ex-
ists. The incidence of visual dys-
function is as high as 50% at a dose
of 60 mg/kg/d to 100 mg/kg/d, 5% to

6% at a dose of 25 mg/kg/d, and
approximately 1% at a dose of less
than 15 mg/kg/d. Since ethambutol
is excreted renally, patients with
renal insufficiency are at greater risk
for visual loss, even at safe doses
(Case 5-1). Other suggested risk
factors include diabetes mellitus,

Case 5-1
A 77-year-old woman presented to the neuro-ophthalmology clinic with an 8-month history of visual
loss. She had been diagnosed with Mycobacterium avium-intracellulare complex over 1 year prior,
and started on ethambutol approximately 7 to 8 months prior to onset of visual loss. During the next
few months, her visual loss progressed. MRI of the brain was performed and was unremarkable.

The patient was seen 16 months after initiation of ethambutol. Her dosage was 800 mg/d, which was
11mg/kg/d for herweight. Visual acuitywas 20/100 right eye, 20/70 left eye. Ishihara color plateswere abnormal,
6/15 plates right eye, 5/15 plates left eye. No relative afferent pupillary defect was present. Fundus examination
showed bilateral, temporal optic disc pallor (Figure 5-5). Humphrey 24-2 automated visual fields were
performed. The right eye showed an inferior central scotoma, while the left eye showed a cecocentral scotoma
(Figure 5-6). The defect in the left eye resembled a temporal defect, but without respect of the vertical meridian.

Ethambutol optic neuropathy was suspected. Her infectious disease specialist was consulted, and
he agreed to discontinue ethambutol. A follow-up MRI of the brain was unremarkable. Complete
blood cell count, vitamin B12, and copper levels were normal.

She returned to clinic 10weeks later. Visual acuity had improved to20/50 right eye, 20/30 left eye. Color vision
had also improved, to 8/11 plates right eye, 9/11 plates left eye. Fundus examination showed stable temporal
optic disc pallor in both eyes. Humphrey 24-2 visual fields showed inferior central scotomas (Figure 5-7). She
continued follow-up with a local ophthalmologist and had stabilized with no progression or further
improvement 1 year after discontinuing the medication.

FIGURE 5-5 Fundus examination shows bilateral, temporal optic disc pallor in both eyes. The
right eye is shown on the left and the left eye is shown on the right.

Continued on page 886

885Continuum (Minneap Minn) 2014;20(4):877–906 www.ContinuumJournal.com

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



Comment. Ethambutol optic neuropathy can occur evenwith safe dosages, and the presence of visible
optic disc pallor and retinal nerve fiber layer thinning suggests a lower likelihood for complete recovery.

FIGURE 5-6 Humphrey 24-2 automated visual fields show a cecocentral scotoma in the left eye (on left) and an inferior
central scotoma in the right eye (on right).

FIGURE 5-7 Humphrey 24-2 visual fields show inferior central scotomas in both eyes. The left eye is shown on the left and
the right eye is shown on the right.

Continued from page 885
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alcoholism, advanced age, and
preexisting visual loss. Optic neuropa-
thy is rare with treatment duration of
less than 2 months.1,16

Ethambutol optic neuropathy be-
haves as expected for a toxic optic
neuropathy (Table 5-1). Patients usually
report blurring of central vision, loss of
contrast, and impaired color percep-
tion; dyschromatopsia (loss of color
perception) may be the earliest symp-
tom. The diagnosis is often straightfor-
ward, but exclusion of alternate causes
(eg, compressive lesions, associated
nutritional deficiency) may be neces-
sary. The visual loss is often reversible
with early discontinuation of the drug
but may be permanent if treatment
exceeds 6 months. It is common for
the optic neuropathy to progress for
several months after stopping the drug
before stabilizing with some gradual
improvement. Optic atrophy at presen-
tation portends a worse prognosis, with
lower likelihood of recovery.

Before starting ethambutol, all pa-
tients should have a baseline ophthal-
mic examination, including visual
acuity, color vision, and formal visual
fields. Patients using the recommend
dosage should receive a follow-up
examination, using the same metrics,
every 1 to 3 months. Patients at higher
risk may require more frequent mon-
itoring. There is no consensus regard-
ing treatment of ethambutol optic
neuropathy, aside from discontinuing
the medication. Routine screening for
zinc and copper deficiency in patients
with ethambutol optic neuropathy is
unsupported by high-quality evidence
but can be considered in individual
patients, particularly those who fail to
recover. The use of supplemental
copper and zinc in a nondeficient
patient, both to prevent and treat
ethambutol optic neuropathy, is also
unsupported by high-quality evidence
but remains understudied.

Methanol
Methanol is a colorless and odorless
liquid present in antifreeze, paint
remover, and windshield-washer fluid.
It is most frequently ingested when
added to ethyl alcohol. Methanol optic
neuropathy is the best characterized
and one of the best-proven toxic optic
neuropathies.19

Patients ingesting methanol pres-
ent with nausea, abdominal pain,
metabolic acidosis, and visual loss,
usually profound. The diagnosis is
made by clinical findings and serum
toxicology. Brain MRI may show bilat-
eral putamenal hyperintensities.20 The
visual loss is typically severe and
bilateral. The optic disc is initially
hyperemic with blurred margins.
Some patients may regain vision after
several weeks or longer. Lack of
pupillary reactivity to light (implying
severe bilateral optic nerve dysfunc-
tion) suggests a poor prognosis.

Methanol is ultimately metabolized
to formic acid, which is a mitochon-
drial toxin known to impair cyto-
chrome c oxidase. Humans and other
primates are uniquely susceptible to
methanol toxicity as they have a
limited capacity to oxidize and thus
detoxify formic acid.7

Treatment of methanol toxicity
includes ethanol, dialysis , and
4-methylpyrazole, along with supportive
care. Studies looking at high-dose corti-
costeroids for treatment ofmethanol optic
neuropathy, however, lack control groups
and suffer from retrospective analysis.21

Linezolid
Linezolid is an antibiotic designed to
treat methicillin-resistant Staphylococ-
cus aureus (MRSA) and vancomycin-
resistant enterococcus. It acts by
inhibiting protein synthesis via bind-
ing ribosomal RNA of the bacterial
ribosomal subunit. Protein synthesis
in mitochondria is also disrupted,
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since mitochondrial ribosomes are
structurally similar to bacterial ribo-
somes. In a rat model, linezolid in-
cludes a dose-dependent decrease in
the activity of mitochondrial complex I
and complex IV.22

Linezolid has been associated with
both optic and peripheral neuropathies.1

The duration of treatment is a key factor:
neurotoxicity has been reported with
prolonged treatment of 5 to 50 months.

The clinical presentation is nearly
identical to other toxic and nutritional
optic neuropathies. The optic discs are
initially hyperemic and develop pallor
over time. The diagnosis is usually
predicated on the clinical features,
appropriate temporal relationship and
duration of treatment, and, in some
cases, exclusion of alternate causes.
Some patients recover vision after
discontinuing the drug, but the periph-
eral neuropathy is usually permanent.

Amiodarone
Amiodarone is a cardiac antiarrhythmic
medication that may produce an optic
neuropathy characterized by insidious,
slowly progressive visual loss, with
prolonged disc swelling. After discon-
tinuation of the medication, the disc
swelling resolves, and visual acuity and
visual fields stabilize. Although
amiodarone optic neuropathy and
nonarteritic anterior ischemic optic
neuropathy share many similarities,
occasionally several features (eg, rate
of onset, duration of disc swelling)
distinguish amiodarone optic neuro-
pathy from (perhaps coincidental)
anterior ischemic optic neuropathy in
these patients.23 A recent critical re-
view using the US Federal Drug Ad-
ministration’s Adverse Event Reporting
System and published case reports
identified 296 reports of presumed
amiodarone optic neuropathy.24 A true
causal relationship is unproven, and
the incidence is likely quite low. How-

ever, optic neuropathy developing in a
patient using amiodarone should raise
suspicion for this condition. If it is
unilateral and behaves clinically like
nonarteritic anterior ischemic optic
neuropathy, observation is reasonable.
If the optic disc swelling persists longer
than 6 to 8 weeks, amiodarone optic
neuropathy should be suspected. The
patient’s cardiologist should be in-
volved in the discussion of whether to
discontinue the medication, since in
some cases no viable alternatives to
amiodaronemay be available for cardiac
rhythm control.

Themechanism of amiodarone optic
neuropathy remains uncertain. In many
ways, it breaks the rules of toxic optic
neuropathies. The optic disc swelling is
usually prominent, often with hemor-
rhages; it is unilateral rather than bilat-
eral; and cecocentral scotomas are less
common. One hypothesis is that
amiodarone optic neuropathy results
from a drug-induced lipidosis.25

Cyclosporine and Tacrolimus
Cyclosporine and tacrolimus are po-
tent immunosuppressants, frequently
used to prevent rejection in patients
who have undergone organ transplan-
tation. Both can cause posterior re-
versible encephalopathy syndrome
(PRES) and cerebral visual loss, but
case reports of optic neuropathy asso-
ciated with both agents have been
published. Optic disc edema was
originally reported in a patient status
postYbone marrow transplant treated
with cyclosporine, and similar cases
can be found in scattered reports in
the literature.26 In some cases, the
mechanism appears to be elevated intra-
cranial pressure and papilledema, while
in others a primary optic neuropathy is
present. Recently, Venneti and col-
leagues27 described a case of asymmetric
bilateral, demyelinating optic neuropathy
presumed due to tacrolimus toxicity. The

KEY POINT

h Linezolid has been
associated with both
optic neuropathy and
peripheral neuropathy.
The risk of toxicity
increases with the
duration of treatment.
Discontinuation of the
medication may result in
some recovery of vision,
but the peripheral
neuropathy is typically
permanent.
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patient experienced rapidly progressive
visual loss and underwent optic nerve
biopsy in the blind eye for a definitive
diagnosis. The biopsy showed prominent
loss of myelin but was otherwise non-
diagnostic. Several similar cases can be
found in the literature. Some investiga-
tors have hypothesized that polymor-
phisms in the ATP-binding cassette,
subfamily B (MDR/TAP), member 1
(ABCB1) gene protein, a P-glycoprotein
that may influence elimination of
tacrolimus from the CNS, may play a
role in pathogenesis. Most of the
reported cases showed no improve-
ment after cessation of the drug, but
visual loss stabilized.

Tobacco-Alcohol Amblyopia
Tobacco-alcohol amblyopia is a rare
optic neuropathy related to a constitu-
ent of tobacco. It is often misdiagnosed
and more commonly seen in tobacco
users who do not smoke cigarettes
(often pipe smokers). The literature
regarding tobacco-alcohol amblyopia is
confusing, likely because of its confus-
ing name. This condition is not ambly-
opia in the current clinical meaning of
the term (loss of vision in an otherwise
normal eye that is caused by strabismus,
uncorrected refractive error, or sensory
deprivation at an early age), and no
evidence suggests that alcohol itself is
directly toxic to the optic nerve; indeed,
the visual symptoms of so-called tobacco-
alcohol amblyopia improve and resolve
with adequate nutritional supplementa-
tion.28 Many experts feel that most
patients diagnosed with tobacco-alcohol
amblyopia have nutritional optic neurop-
athies, and that tobacco (particularly
cigarette smoking) and alcohol play no
causal role in visual loss.29 Clinicians
should be reluctant to accept the diag-
nosis of tobacco-alcohol amblyopia with-
out compelling evidence and exclusion
of other disorders, particularly nutritional
deficiency optic neuropathy.

HEREDITARY OPTIC
NEUROPATHIES
Hereditary optic neuropathies share sev-
eral clinical features with toxic and nutri-
tional optic neuropathies (Table 5-1). As
noted earlier in this article, with some
exceptions, they fall within the broader
category of mitochondrial optic neurop-
athies. The hereditary optic neuropa-
thies may be grouped in several ways,
including mode of inheritance, age at
presentation, pattern of onset, and the
presence of other neurologic and sys-
temic symptoms. They are more easily
divided in the following manner.

& Optic neuropathy occurring
primarily without any associated
neurologic symptoms
(monosymptomatic)

& Optic neuropathy commonly with
associated neurologic deficits

& Optic neuropathy secondary to
overall disease process (eg,
Charcot-Marie-Tooth disease,
spinocerebellar ataxias).

The latter two categories are beyond
the scope of this review. The two most
common primary, monosymptomatic
hereditary optic neuropathies are Leber
hereditary optic neuropathy and domi-
nant optic atrophy. Table 5-4 summa-
rizes the clinical features of both.

Leber Hereditary Optic
Neuropathy
Leber hereditary optic neuropathy is
the first human disease linked to a
mutation in mitochondrial DNA.30,31

Originally thought to nearly exclusively
affect young men, the advent of mo-
lecular genetic testing has expanded
the spectrum of Leber hereditary optic
neuropathy. Men between the ages of
15 and 35 remain the mostly frequently
affected group. They may or may not have
a relevant family history; in some series,
up to 50% of patients have no family his-
tory of visual loss. Because mitochondria

KEY POINT

h Tobacco-alcohol
amblyopia is a rare and
poorly characterized
disorder. In many cases,
the visual loss is
secondary to nutritional
deficiency. Neurologists
should be reluctant
to accept the diagnosis
of tobacco-alcohol
amblyopia without
excluding other
conditions, particularly
nutritional deficiency.
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are transmitted by only the mother,
offspring of male carriers are not at risk
for visual loss. Three primary, patho-
genic mitochondrial DNA point muta-
tions have been identified: 11778, 3460,
and 14484.

The classic presentation is painless,
subacute visual loss in one eye,
followed by visual loss in the contra-
lateral eye within the next several
weeks or months (Case 5-2). Visual
loss usually progresses over several
weeks to months, with final visual
acuity of less than 20/200 in both eyes.
On ophthalmoscopy, the classic, acute
disc appearance is hyperemia,
circumpapillary telangiectasia, and
lack of leakage on retinal angiography
(indicating pseudoedema rather than
true disc swelling). Not all patients
have the classic optic disc appearance
at presentation; this varies depending
on the specific mutation and the

duration of visual loss. Indeed, the
characteristic optic disc appearance
may be seen in asymptomatic mater-
nal relatives. Visual fields show char-
acteristic central and cecocentral
deficits. Leber hereditary optic neu-
ropathy is exceedingly unlikely in a
patient with a unilateral optic neurop-
athy that has been present for years.
Over time, disc pallor develops as the
hyperemia recedes. The visual prog-
nosis depends on the specific muta-
tion and age of onset. Patients with
the 14484 mutation who lose vision
early in life have the highest probabil-
ity of recovering vision, while those
harboring the 11778 mutation have
the lowest likelihood of spontaneous
recovery.32

Leber hereditary optic neuropathy
and other diseases. Although most
patients with Leber hereditary optic
neuropathy mutations have isolated

KEY POINT

h Leber hereditary optic
neuropathy typically
presents with subacute,
painless visual loss in
one eye, with fellow eye
involvement within
weeks or months,
usually progressing to
severe visual loss over
several months. Such a
presentation should
prompt suspicion of
and genetic testing for
Leber hereditary optic
neuropathy, even if
there is no relevant
family history.

TABLE 5-4 Clinical Characteristics of Leber Hereditary Optic Neuropathy
and Dominant Optic Atrophy

Clinical
Characteristic

Leber Hereditary
Optic Neuropathy

Dominant Optic
Atrophy

Age at presentation 15Y35 years First decade of life

Clinical course Subacute visual loss in
one eye, with second
eye involvement in
weeks to months

Slow, symmetric,
progressive visual
loss in both eyes

Optic disc appearance
at presentation

Often hyperemia,
telangiectasias, swollen
nerve fiber layer,
but may be normal

Temporal optic
disc pallor with
cupping

Sex predilection Male-to-female ratio is
approximately 9:1

No preference

Spontaneous recovery Dependent on age of
onset and mutation

Does not occur

Inheritance Mitochondrial
(maternally inherited)

Autosomal dominant

Final visual acuity G20/200 in each eye Approximately 20/80Y20/200
in each eye, but variable

Genetic testing Primary mitochondrial
pathogenic mutations:
11778, 3460, 14484

Optic atrophy 1 (OPA1)
gene mutations
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Case 5-2
A 17-year-old boy presented to the neuro-ophthalmology clinic with a 2-month history of painless
visual loss in both eyes. He had initially noticed visual blurring from the left eye 2 months prior
that progressed during a 2- to 3-week period. He was seen by a local ophthalmologist, who
documented visual acuity of 20/20 right eye, counting fingers left eye. The left optic disc was felt to
be swollen, and a diagnosis of optic neuritis was made. MRI of brain and orbit with and without
gadolinium was unremarkable. He was treated with 3 days of IV methylprednisolone, 1 g/d, with
no improvement.

One month after onset, he noted blurring of vision in the right eye, which worsened during the
next several weeks. He was referred to the neuro-ophthalmology clinic and seen 2 months after onset
of visual loss.

Medical history was unremarkable. He was a senior in high school and doing well academically.
He denied alcohol and tobacco use. He had no family history of visual loss or neurologic disorders.
An extensive systemic and neurologic review of systems was unremarkable. Visual acuity with best
correction was 20/200 right eye, 20/400 left eye. He was unable to identify the Ishihara control plate with
either eye. Pupils were equal, round, and reactive to light with a small left relative afferent pupillary
defect. Ocular motility examination was normal. Fundus examination (Figure 5-8) showed mild
hyperemia of the right optic disc, with swelling of the peripapillary nerve fiber layer and a few
telangiectasias. The left optic disc showed minimal residual hyperemia, with developing temporal
pallor and perhaps a few subtle peripapillary telangiectasias. Humphrey 24-2 visual fields demonstrated
central scotomata in both eyes (Figure 5-9).

Comment. Based on the patient’s age, clinical presentation, and fundus appearance,
Leber hereditary optic neuropathy was suspected. Blood screening for the primary pathogenic
mutations was positive for the 11778 mutation. Formal genetic counseling was requested for the
maternal family relatives. The visual acuity continued to decline during the next 6 weeks, stabilizing
at approximately 1/200 in both eyes. There had been no change at his last follow-up visit, several
years after onset.

FIGURE 5-8 Fundus examination shows mild hyperemia of the right optic disc (on left), with
swelling of the peripapillary nerve fiber layer and a few telangiectasias. The
left optic disc (on right) shows minimal residual hyperemia, with developing
temporal pallor and possibly a few subtle peripapillary telangiectasias.

Continued on page 892
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optic neuropathy and vision loss, a small
subset of patients may have associated
neurologic symptoms, including a mul-
tiple sclerosisYlike illness, ataxia, and
dystonia. These are referred to as
Leber-plus syndromes. Multiple sclerosis
and Leber hereditary optic neuropathy
co-occur more frequently than might be
expected from chance alone, and it
remains unclear whether one condition
can worsen or trigger the other, or
whether this represents a distinct mito-
chondrial phenotype.33 Patients with
Leber hereditary optic neuropathy may
have cardiac arrhythmias, as seen with
many mitochondrial myopathies.

Nutritional deficiency and toxic op-
tic neuropathies and Leber hereditary

optic neuropathy may coexist, and, in
some cases, the nutritional deficiency
or exogenous agent may trigger ex-
pression of the Leber hereditary optic
neuropathy phenotype in patients
harboring one of the pathogenic mu-
tations.34 This phenomenon has been
described most frequently in the set-
ting of vitamin B12 deficiency

31 but has
also been reported in association with
ethambutol optic neuropathy. The
diagnosis of co-occurring Leber hered-
itary optic neuropathy should be con-
sidered in any patient with presumed
nutritional deficiency optic neuropa-
thy or toxic optic neuropathy if the
visual loss fails to recover as expected,
the disc appearance at presentation is

Leber hereditary optic neuropathy should always be considered in any patient presenting with
severe, sequential, painless optic neuropathy. Family history is often negative, and the classic fundus
findings may be absent. Accurate diagnosis allows for better prognosis and genetic counseling,
and avoids unnecessary testing.

FIGURE 5-9 Humphrey 24-2 visual fields demonstrate central scotoma in both eyes. The left eye is shown on the left and
the right eye is shown on the right.

Continued from page 891
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suggestive of Leber hereditary optic
neuropathy, or a suggestive maternal
family history is present.

Pathogenesis. The exact mecha-
nism of injury in Leber hereditary optic
neuropathy is slowly being elaborated.
The three primary mutations in mito-
chondrial DNA are located in genes
encoding subunits of complex I of the
electron transport chain. Although the
pathogenic mutation is present in all
somatic cells (in different concentra-
tions, as a result of replicative segrega-
tion of mitochondrial into daughter
cells), the optic nerve is selectively
affected. This selective vulnerability is
likely related to the unique anatomic
and physiologic features of retinal
ganglion cell axons described earlier,
all of which contribute to lower the
threshold for retinal ganglion cell loss,
possibly by induced apoptosis.7,16,31

No treatment has yet been proven
effective for Leber hereditary optic
neuropathy, although several studies
show promising results. In general,
treatments for mitochondrial disor-
ders are limited. General treatments
include vitamins and cofactors (eg,
coenzyme Q10) that might stabilize
mitochondrial function and reduce
oxidative stress. These therapies are
harmless but expensive.

Brimonidine, a topical !2-agonist
used in the treatment of glaucoma,
may have neuroprotective effects on
retinal ganglion cells. Since the puta-
tive antiapoptotic effects are mediated
through complex I, this was thought
to be a promising treatment for Leber
hereditary optic neuropathy. How-
ever, brimonidine did not prevent
second-eye vision loss in an open-
label, nonrandomized multicenter
study of nine patients with Leber
hereditary optic neuropathy with first
eye involvement.35

Idebenone is a short-chain benzo-
quinone. Although it is structurally

similar to coenzyme Q10, idebenone
crosses the blood-brain barrier and
localizes in the mitochondria. A multi-
center, double-blind, randomized con-
trolled trial of idebenone versus
placebo in the treatment of symptom-
atic patients with Leber hereditary
optic neuropathy was conducted by
Klopstock and colleagues.36 The study
included 55 patients with Leber he-
reditary optic neuropathy treated with
900 mg idebenone for 24 weeks.
Neither the primary nor secondary
end points reached statistical signifi-
cance. However, a post hoc analysis of
those subjects with discordant visual
acuity at baseline found a significant
difference in secondary end points
favoring the treatment group, corre-
sponding to a difference of four to five
lines of Snellen visual acuity. Although
this study had many limitations, the
results could suggest a role for ide-
benone in patients with Leber heredi-
tary optic neuropathy in the early
stages of visual loss.

The diagnosis of Leber hereditary
optic neuropathy should be consid-
ered in any patient, regardless of age
or sex, with severe, rapidly sequential
or simultaneous bilateral optic neu-
ropathy, particularly if the optic disc
has a classic appearance. Although no
proven treatments are available, early
treatment with idebenone may be
beneficial, and a specific genetic diag-
nosis allows for a more accurate
prognosis and genetic counseling.
The three pathogenic mutations can
be screened for with commercially
available genetic testing.

Dominant Optic Atrophy
Dominant optic atrophy (also known as
Kjer disease) is an autosomal dominantly
inherited condition. It typically presents
during childhood, often after a child has
failed a school vision screening. Both
optic nerves are involved symmetrically.

KEY POINT

h Hereditary optic
neuropathy and
nutritional deficiency or
toxic optic neuropathy
may coexist in the same
patient, and nutritional
deficiency may trigger
visual loss in patients
harboring one of the
primary mutations for
Leber hereditary optic
neuropathy. The
possibility of coexisting
Leber hereditary optic
neuropathy should be
considered in any
patient with nutritional
deficiency or toxic
optic neuropathy who
fails to recover after
repletion of the vitamin
or removal of the
offending agent,
particularly if the visual
loss is severe (worse
than 20/200).

893Continuum (Minneap Minn) 2014;20(4):877–906 www.ContinuumJournal.com

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



Visual acuity is variable, butmost patients
lose vision slowly throughout life and
retain visual acuity of 20/40 to 20/200.32

As a general rule, visual loss in dominant
optic atrophy is less severe than in
Leber hereditary optic neuropathy, with
a mean visual acuity of 20/80 to 20/200.
The clinical features are similar to
other mitochondrial optic neuropathies
(Table 5-1). Many (although not all)
patients have prominent temporal optic
disc pallor with a wedgelike excavation
of the disc (Figure 5-10).

The specific phenotype varies con-
siderably within and among families,
because of incomplete penetrance and
variable expressivity. Progressive visual
loss occurs in up to 67% of patients,
again with a large degree of variability.
A clinical rule of thumb is that visual
loss occurs at a rate of one line of
Snellen visual acuity per decade of life.
Spontaneous recovery of vision is not a
feature of dominant optic atrophy.

Similar to Leber hereditary optic
neuropathy and Leber plus, up to 20%
of patients with dominant optic atro-
phy develop a syndromal form of the
disorder, most commonly with senso-
rineural hearing loss, but also myopa-
thy, peripheral neuropathy, ataxia, and
ophthalmoplegia.37

Approximately 60% of cases of
dominant optic atrophy result from
mutations in the optic atrophy 1
(OPA1) gene located on chromosome
3q28-29. This gene encodes OPA1, a
dynaminlike guanosine triphosphatase
(GTPase) attached to the inner mem-
brane of the mitochondrial cristae. A
variety of impairments in mitochon-
drial function have been implicated
with OPA1 protein dysfunction, includ-
ing mitochondrial fusion, membrane
stabilization, oxidative phosphorylation,
and apoptosis.1,32 Oxidative stress likely
has a key role in dominant optic
atrophy pathogenesis, as in Leber he-
reditary optic neuropathy. Genetic test-
ing for OPA1 mutations is commercially
available. The sensitivity is high in
large pedigrees but lower in patients
with no relevant family history.

No proven treatments are available
for dominant optic atrophy, although
ongoing studies are using idebenone
and similar mitochondrial cofactors.

TRAUMATICOPTICNEUROPATHIES
Traumatic optic neuropathy can occur
through a direct or indirect mecha-
nism. Direct mechanisms disrupt optic
nerve fibers and include penetrating

KEY POINT

h Dominant optic atrophy
is the most common
hereditary optic
neuropathy worldwide.
It causes slowly
progressive visual loss
throughout life. Since
the degree of visual
loss is variable, there
may be no relevant
family history, as
affected family members
may be unaware of
their mild form of the
disease. Genetic testing
is commercially available.

FIGURE 5-10 Color fundus photographs of a patient with genetically confirmed dominant
optic atrophy. Note the prominent temporal optic disc pallor, with extensive
optic disc cupping (cup-disc ratio of È0.8 in both eyes). The right eye is shown
on the left and the left eye is shown on the right.
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orbital trauma, nerve avulsion from
the globe, optic nerve crush injuries,
or laceration by bone fragments. More
commonly, traumatic optic neuropa-
thy results from an indirect injury in
which the forces (often acceleration
or deceleration) produced by an or-
bital or cranial impact lead to traction,
elevated intraorbital pressure, com-
pression by orbital hemorrhage or
optic nerve sheath hematoma, or
axonal shearing.38

Most cases of traumatic optic neu-
ropathy involve localized damage to
the intracanalicular segment of the
nerve. This is thought to occur by a
shearing injury analogous to diffuse
axonal injury, possibly followed by
ischemic injury as reactive edema
generates compression within the op-
tic canal, and further inflammatory
injury as the tissues respond to trau-
matic insult.39

Traumatic optic neuropathy is un-
common but not rare. In one review
of 326 patients seen in a tertiary care
neuro-ophthalmology service after
head injury, deficits consistent with
traumatic optic neuropathy were seen
in 12%, with 7% diagnosed as indirect
traumatic optic neuropathy.40

Clinical examination and appropri-
ate neuroimaging play a vital role in
identifying the location and nature of
the injury. However, the expected
findings of an optic neuropathy (eg,
reduced visual acuity, visual field loss,
relative afferent pupillary defect) may
be difficult to detect in a patient with
an acute head injury who is not fully
cooperative, delaying the diagnosis
until the patient has retained con-
sciousness and can participate in the
examination. Orbital CT can assess for
retrobulbar hemorrhage, optic nerve
sheath hematoma, and bone frag-
ments compressing or lacerating the
optic nerve. MRI is of less utility in
traumatic optic neuropathy, often not

showing any signal changes. However,
diffusion tensor imaging, an MRI tech-
nique that tracks motion of water
molecules along nerve fiber tracts,
demonstrates lower axial and mean
diffusivity in optic nerves with trau-
matic optic neuropathy, acting as a
biomarker of injury and potentially
predicting the potential for visual
recovery.41

Treatment
No single treatment protocol has proven
effective for traumatic optic neuropathy.
Management options include observa-
tion, systemic corticosteroids, surgical
decompression of the optic canal, or a
combination of corticosteroids and sur-
gical decompression. Several of the
existing strategies draw inferences from
treatment trials involving other forms of
CNS injury.

Steroid treatment for brain edema
was introduced in the early 1960s, and
became a common treatment for pa-
tients with severe traumatic brain injury
by the 1970s, after a randomized trial
showed improved mortality rates. Sev-
eral subsequent trials, however, have
failed to show appreciable benefit.

The Corticosteroid Randomization
After Significant Head Injury (CRASH)
trial of 10,008 patients from 239
hospitals in 49 countries showed a
detrimental effect of methylpredniso-
lone therapy, with increased 2-week
mortality (21% versus 18%) and
increased relative risk of death by
6 months (1.15) in the steroid group.
Furthermore, no significant difference
in death or disability occurred be-
tween the steroid and nonsteroid
groups when stratified by injury sever-
ity, leading the authors to conclude
that corticosteroid treatment provides
no benefit after head injury.42

No high-quality evidence is available to
guide themanagement of traumatic optic
neuropathy. Two Cochrane reviews

KEY POINT

h MRI is of limited utility in
the diagnosis and
management of indirect
traumatic optic
neuropathy. The
neuroimaging modality
of choice is
high-resolution axial
and coronal orbital CT,
screening for canalicular
fracture and orbital
hematoma.

895Continuum (Minneap Minn) 2014;20(4):877–906 www.ContinuumJournal.com

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



searching for randomized controlled
trials comparing steroids, surgery, or
observation alone found only one article
meeting inclusion criteria.43,44 Steroids
have been used to treat traumatic optic
neuropathy, based on extrapolation
from previous studies evaluating spinal
cord trauma,45 but their use has de-
clined given the results of the CRASH
study. Surgical optic canal decompres-
sion (by orbitotomy or endoscopic
approach) is also performed at some
centers, citing the potential to relieve
pressure in the optic canal and remove
bony fragments that threaten the nerve.
Yang and colleagues reported visual
acuity improvement in 40.6% of trau-
matic optic neuropathy patients treated
with endoscopic decompression sur-
gery after a trial of megadose steroids
had failed to produce any effect.39

For patients presenting with acute
traumatic optic neuropathy, clinical de-
cisions should be made on a case-by-case
basis, keeping in mind the possibility of
spontaneous recovery in some patients.

NEOPLASTIC OPTIC NEUROPATHIES
Neoplasms can affect the optic nerve
directly or indirectly. Benign or malig-
nant neoplasms can cause compression
of the optic nerve. The neoplasms can
develop intrinsically from nerve tissue
itself or grow adjacent to the nerve. Less
commonly, infiltration ormetastasis from
a remote site may occur. Table 5-5
summarizes neoplastic lesions of the
optic nerve, based on location.

A neoplastic optic neuropathy may
occur in the setting of a known, primary
tumor or be the presenting manifesta-
tion of cancer. The neurologist should
have a high index of suspicion for a
neoplastic, compressive optic neuropa-
thy for the following reasons.

1. Early detection of the tumor may
result in improved survival.

2. In many cases, the tumor may
pose a risk to the unaffected eye.

3. Visual loss may recover once the
tumor is treated.

Compressive, neoplastic optic neu-
ropathies are among the most treat-
able forms of optic nerve dysfunction,
and dramatic recovery may occur with
decompression of the visual pathways.

Neoplastic lesions may affect the
orbital, intracranial, and prechiasmal
optic nerve. The visual symptoms typi-
cally develop slowly, over weeks and
months, and it is common for patients
to have seen several eye care providers
with no diagnosis. Although uncom-
mon, some patients harboring com-
pressive lesions may experience
sudden vision loss, due to intratumoral
hemorrhage and/or necrosis. Perhaps
more commonly, the onset may appear
sudden because the patient happens to
cover the sound eye and becomes
aware of long-standing visual loss.

The earliest abnormalities present
include an ipsilateral relative afferent
pupillary defect and dyschromatopsia,
as expected for any optic neuropathy.
Visual field defects are almost always

KEY POINTS

h There is no treatment
proven effective for
indirect traumatic optic
neuropathy. The
diagnosis can be
challenging, particularly
in an acutely head
injured patient who
cannot cooperate with
the examination. Any
interventions should
be decided on a
patient-by-patient basis.

h Compressive, neoplastic
optic neuropathies are
often very treatable,
and even profound
visual loss may be
reversible with
decompression of the
optic pathways.
Clinicians should
maintain a high index
of suspicion for a
compressive lesion in
any patient with optic
neuropathy.

TABLE 5-5 Neoplastic Lesions
of the Optic Nerve

b Primary Optic Nerve Neoplasms

Optic nerve glioma

Malignant optic glioma

Optic nerve sheath meningioma

b Metastatic Optic NerveNeoplasms

Carcinomatous meningitis

Lymphoma

Leukemia

Myeloma

b Secondary Compressive Optic
Nerve Neoplasms

Paraclinoid meningioma

Pituitary macroadenoma

Craniopharyngioma

Suprasellar meningioma
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present and may be of any type.
However, temporal hemianopic de-
fects, a central scotoma that extends
into the periphery temporally, and a
‘‘junctional’’ scotoma strongly suggest
a compressive lesion. The fundus
appearance may differ somewhat
depending on the location of the
tumor. Intracranial, intracanalicular,
and posterior orbital compressive le-
sions typically produce no disc swell-
ing. Optic disc swelling is more
commonly found with intraorbital tu-
mors near the optic nerve head and
may be accompanied by shunt vessels
that bypass the central retinal vein to
drain into the vortex veins and ciliary
circulation (Figure 5-11). These shunt
vessels are common with optic nerve
sheath meningiomas but may also
occur with gliomas.

Pituitary tumors and other parasellar
lesions may cause intracranial optic
nerve as well as chiasmal compression.
Lesions that affect the anterior angle of
the chiasm and the distal optic nerve

produce a distinct syndrome character-
ized by a temporal defect and de-
creased visual acuity in the ipsilateral
eye, and a superotemporal defect with
preserved visual acuity in the contralat-
eral eye (Figure 5-12). The ipsilateral
temporal visual field defect may be
hemianopic if all crossing fibers are
involved or scotomatous if only macu-
lar crossing fibers are involved. The
origin of the superotemporal, contra-
lateral visual field defect is of both
historical and clinical interest. Wilbrand
proposed that crossed fibers originat-
ing from ganglion cells inferior and
nasal to the fovea in the contralateral
eye extend anteriorly (less than 2 mm)
into the involved optic nerve and are
thus subject to compression. This
anatomic configuration is known as
the Wilbrand knee.46 Although some
believe that Wilbrand knee is simply a
pathologic artifact rather than a true
anatomic structure, its clinical rele-
vance remains unquestioned, and the
finding of this junctional visual field

KEY POINT

h A temporal hemianopic
defect in one
eye combined with an
optic nerve-related
defect in the fellow eye
(junctional scotoma) on
visual field testing
strongly suggests a
compressive lesion at
the optic chiasm, and
urgent neuroimaging is
mandated.

FIGURE 5-11 Color disc photograph of a patient with
optic nerve sheath meningioma,
demonstrating severe optic disc pallor,

peripapillary gliotic changes suggesting previous disc swelling, and
shunt vessels (arrows) on the surface of the disc. These vessels
reflect diversion of retinal venous drainage from the central retinal
veins to the vortex veins draining the choroid and outer retina.
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defect provides strong evidence of a
lesion at the anterior angle of the chiasm,
mandating neuroimaging. Pituitary tu-
mors can rarely present with a unilateral
optic neuropathy, particularly in patients
in whom the optic chiasm is postfixed
(located posterior to the pituitary gland,
placing the intracranial nerves in a posi-
tion more vulnerable to compression).

Neuroimaging is indicated for all pa-
tients suspected of having a compressive,
neoplastic optic neuropathy. The ideal
modality is MRI of the brain, with and
without gadolinium, with fat-saturated
orbital views. This offers superb views of
the globe, optic nerve head, optic nerve
sheath, extraocular muscles, and orbital
apex. It is also superior to CT for the
evaluation of the intracanalicular and
intracranial optic nerve, the pituitary
fossa, and the cavernous sinuses.

Treatment depends on the specific
type of tumor, location, size, and
degree of optic nerve dysfunction.
The prognosis for visual outcome is
related in part to duration of compres-
sion, as well as retinal ganglion cell
and retinal nerve fiber layer integrity.
Patients with severe optic atrophy at
presentation (indicating loss of neu-
rons and axons) have a poorer prog-
nosis for recovery, although some of
these patients may have partial im-
provement after decompression.

A comprehensive review of all tumors
that may compress the optic nerve is
beyond the scope of this article. Howev-
er, any patient presenting with an
unexplained optic neuropathy should
be suspected of harboring a compressive
lesion, and neuroimaging is indicated
unless a well-defined cause is known.

FIGURE 5-12 Pituitary macroadenoma in a 34-year-old patient who presented with a 1-month history of progressive visual
loss in the right eye. The left eye was asymptomatic. Visual acuity was light perception only in the right eye,
and 20/20 in the left eye. A dense right relative afferent pupillary defect was present. Fundus examination of

each eye was normal. Humphrey 24-2 automated visual field was performed in the left eye and demonstrated a complete
temporal hemianopic defect (A). The combination of a right optic neuropathy and temporal defect in the left eye was
compatible with a junctional scotoma, indicating a lesion compressing the right posterior optic nerve and the anterior right
optic chiasm. This was confirmed with MRI showing a massive pituitary macroadenoma (B).
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Close communication between the
neuro-ophthalmologist and a neurosur-
geonwell versed in treating these tumors
is essential for optimal management.

Primary Optic Nerve Neoplasms
Optic glioma.Optic gliomas are the most
common intrinsic tumors of the visual
pathway and occur in two forms. The
most common is the juvenile, benign,
pilocytic astrocytoma; the much rarer
form is malignant glioblastoma of the
optic nerve. There is some variability in
the nomenclature; optic glioma is often
used to refer to gliomas involving the
orbital optic nerve, while optic pathway
glioma refers to tumors involving the
optic chiasm and/or hypothalamus.

Optic pathway glioma usually pre-
sents in the first decade of life, and 90%
present within the first 2 decades of life.
They can occur in the setting of neuro-
fibromatosis type 1 (NF 1), and approx-
imately one-fourth of patients with optic
nerve and chiasmal glioma have NF 1,
while about 15% of patients with NF 1

develop these lesions. Two-thirds of
patients with optic pathway gliomas
have a normal neuro-ophthalmic exam-
ination, with no evidence of visual loss.47

When present, visual loss is slowly
progressive, and the examination
shows the expected features of optic
nerve dysfunction. If the orbital optic
nerve is affected, optic disc swelling,
proptosis, and occasionally ocular mo-
tor deficits may be present. Chiasmal
and hypothalamic gliomas often pres-
ent as large masses even though they
are typically well differentiated and
low grade (most often pilocytic) and
may be associated with hydrocephalus
and the diencephalic syndrome.

The diagnosis is made by neuroimag-
ing, which typically shows kinking, fusi-
form enlargement, and enhancement of
the optic nerve (Figure 5-13). In general,
MRI is superior to CT, since it will better
evaluate intracranial extension and
chiasmal or hypothalamic involvement.

The clinical course of juvenile optic
pathway glioma is extremely variable,

FIGURE 5-13 Brain MRI of a 26-year-old woman who presented with incidentally discovered
orbital mass and headache. T1 axial gadolinium enhanced image (A) showed
enlargement with kinking of the right optic nerve (arrow), demonstrated also
on an axial T2-weighted fat-saturated image (B). These features are compatible
with orbital optic glioma. The patient had a completely normal
neuro-ophthalmic examination, and observation was planned.
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complicated to some degree by the
fact that, in many case series, progres-
sion is defined radiologically, with no
careful documentation of visual func-
tion. Monitoring optic glioma in very
young children is challenging, as visual
metrics are more difficult to obtain.

Treatment of optic pathway glioma
is highly individualized and depends
in part on the location of the tumor,
the size, associated neurologic deficits
and clinical findings (eg, hydrocepha-
lus and pituitary/hypothalamic dys-
function), and the degree of visual
loss. Surgical resection of an orbital
optic glioma is impossible without
sacrificing the nerve; for chiasmal and
hypothalamic gliomas, surgical treat-
ment is a viable option, particularly if
associated hydrocephalus is present.
Orbital optic gliomas rarely progress
to involve the optic chiasm, so surgical
resection to prevent intracranial ex-
tension is almost never indicated.
Radiation therapy carries the risk of
developmental delay, delayed radio-
necrosis, and future malignancies, and
no clear evidence suggests that treat-
ment alters long-term prognosis. How-
ever, external beam radiation (less
than 45 Gy) has been used in patients
with progressive tumor to diminish
tumor bulk, decrease recurrence
rates, prolong recurrence-free survival,
and improve vision. Chemotherapy
rather than radiation is often preferred
as initial treatment, especially in chil-
dren younger than 5 years old, for
whom there is a high risk of adverse
effects on cognitive function with
radiation.

It is currently recommended that
patients with optic pathway gliomas
confined to the orbit be monitored for
sustained progression of visual loss
before considering treatment. Visual
acuity remains the best clinical mea-
sure available to monitor disease,
although accuracy and reliability of

testing highly depend on the child’s
cooperation. Surveillance MRI scans
and careful neuro-ophthalmic exami-
nations should be performed periodi-
cally. Treatment is indicated when
evidence shows sustained progression
of visual loss or the development of
disfiguring proptosis.47,48

Optic nerve sheath meningioma.
Optic nerve sheath meningiomas are
the second most common primary
optic nerve tumor (Case 5-3). They
account for 2% of all orbital tumors
and 1% to 2% of all meningiomas. It is
important to distinguish these tumors
from external (eg, paraclinoid, sphe-
noid wing) meningiomas that com-
press the optic nerve because the
treatment differs considerably. Optic
nerve sheath meningiomas are benign
neoplasms that arise from the
meningoepithelial cells along the op-
tic nerve sheath. They most frequently
occur in middle-aged adults, with a
mean age of 41 years and a female
predominance. Optic nerve sheath
meningiomas and neurofibromatosis
type 2 are loosely associated.49

The clinical presentation of optic
nerve sheath meningioma is a slowly
progressive visual loss with associated
findings of optic nerve dysfunction,
which is similar to other compressive
optic neuropathies. Proptosis occurs
in up to 60% of patients and may be
the presenting sign. If the lesion in-
volves the orbital optic nerve, optic
disc swelling may be present and
demonstrate shunt vessels. Most optic
nerve sheath meningiomas (approxi-
mately 95%) are unilateral, but when
bilateral, 65% are located in the optic
canals. Proptosis is common but is
rarely the presenting symptom.

Neuroimaging usingMRI of brain and
orbits, with and without gadolinium, is
the diagnostic modality of choice. Optic
nerve sheath meningioma may radio-
logically mimic some infiltrative and

KEY POINT

h Most patients with an
orbital optic glioma
have an excellent
prognosis. Observation
should be the first-line
management option for
most cases.
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Case 5-3
A 54-year-old woman presented to the neuro-ophthalmology clinic with a 3- to 4-month history of
progressive visual loss in the left eye. She had been evaluated by an outside ophthalmologist and found
to have visual acuity of 20/40 in both eyes, with a swollen left optic nerve. Brain MRI at an outside hospital
showed possible enhancement of the left optic nerve, suggestive of demyelinating optic neuritis. The
remainder of the study was normal, with no demyelinating lesions. The patient reported generalized
clouding andblurring of vision in the left eye andno visual symptoms from the right eye. She denied pain on
eye movements, transient visual loss, double vision, or other focal neurologic symptoms.

Medical history was significant for hypertension and hyperlipidemia. She denied tobacco and
alcohol use. An extensive systemic review of systems was unremarkable.

Visual acuity was 20/20 right eye, 20/30 left eye. Ishihara color testing showed 11/11 plates right eye,
3/11 plates left eye. Pupils were equal and reactive, with a moderate left relative afferent pupillary
defect. External examination showed no ptosis or proptosis. The slit-lamp and ocular motility
examinations were unremarkable. Dilated fundus examination showed a normal right optic disc and
severe, diffuse optic disc swelling in left eye, with congestion (Figure 5-14). Humphrey 24-2 visual
fields were performed and showed mild, nonspecific generalized depression in the right eye and
severe generalized depression in the left eye (Figure 5-15).

Comment. The slowly progressive, painless visual loss and the severe optic disc swelling argued
strongly against demyelinating optic neuritis and favored a compressive lesion. The original MRI was
unavailable and had not included fat-saturated orbital images. Repeat brain MRI with dedicated,
fat-saturated orbital images, with and without gadolinium, demonstrated intense perineural
enhancement of the intraorbital and intracanalicular left optic nerve and was otherwise normal
(Figure 5-16). Although optic nerve sheath meningioma was the likely diagnosis, the rapid
progression of visual loss raised concern for alternate etiologies, including idiopathic optic
perineuritis, sarcoidosis, syphilis, and lymphoma. Laboratory studies and CT of the chest, abdomen,
and pelvis were unremarkable. The patient received a short course of oral corticosteroids, with no
improvement. She was seen 3 months later, and visual acuity in the left eye had declined to 20/60.
Repeat MRI showed no change, and review by neuroradiology staff agreed that optic nerve sheath
meningioma was the likely diagnosis. She was referred to radiation oncology. She received
fractionated radiation treatment using the intensity-modulated radiation therapy protocol, with a
total dosage of 50 Gy in 28 fractions.

FIGURE 5-14 Dilated fundus examination shows severe, diffuse optic disc swelling in the left
eye (on right) with congestion and a normal right optic disc (on left).

Continued on page 902
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FIGURE 5-15 Humphrey 24-2 visual fields show severe generalized depression in the left eye (on left) and mild,
nonspecific generalized depression in the right eye (on right).

FIGURE 5-16 Repeat brain MRI (A, axial view; B, coronal view) with dedicated, fat-saturated
orbital images, with and without gadolinium, demonstrated intense perineural
enhancement of the intraorbital and intracanalicular left optic nerve and was
otherwise normal.

Continued from page 901

Continued on page 903

902 www.ContinuumJournal.com August 2014

Optic Neuropathies

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



inflammatory disorders (eg, lymphoma,
sarcoidosis, and idiopathic optic
perineuritis), but the clinical history is
usually sufficient to allow accurate diag-
nosis. Biopsy is rarely indicated, as it
carries the risk of inducing further
damage to the optic nerve.

The prognosis is variable, although
most series suggest that progressive
visual loss occurs without treatment in
most patients. Recent literature suggests
that patients with visual acuity of 20/50
or better may retain this level of visual
function for at least 5 years, but at least
85% of patients with optic nerve sheath
meningioma lose vision over time.50,51

Treatment formost patients is limited
to observation and radiation. Observa-
tion is usually the first option in patients
at either extreme, those with good visual
function or very poor visual function at
baseline (with the latter group having
minimal potential for functional recov-
ery). Careful follow-up is crucial, with
repeat examinations every 3 to 6months
and follow-upMRI every 6 to 12months.
Involvement of the fellow eye due to
intracranial extension may be more of a
theoretic than actual risk, as bilateral
cases are more likely related to intracra-
nial meningiomas spreading into the
orbits. Most neuro-ophthalmologists
recommend that treatment be offered
when visual acuity drops below 20/40 or
with sustained progression of visual
field loss.

Surgical resection plays a limited
role in the management of optic nerve
sheath meningioma, and is employed
only when the patient has disfiguring

proptosis and no useful vision, or with
aggressive tumors that have intracra-
nial extension. Even in these cases,
surgery is associated with a high rate
of local recurrence and orbital inva-
sion and is typically expected to
sacrifice the affected optic nerve.

PARANEOPLASTIC OPTIC
NEUROPATHIES
Although still relatively rare, paraneo-
plastic visual loss is most commonly
caused by carcinoma-associated retinop-
athy, an immune-mediated condition
involving destruction of photoreceptors
in the outer retina. Evenmore rarely, the
optic nerve itself may be the primary
target of a paraneoplastic disorder. Malik
and colleagues52 in 1992 were the first
to suggest an immunologic basis for optic
neuropathy in the setting of a primary
malignancy. At least 56 cases of para-
neoplastic optic neuropathy have since
been identified.53 Most cases are associ-
ated with small cell lung cancer, but
other tumors also have been implicated,
including B-cell lymphoma, uterine sar-
coma, nasopharyngeal carcinoma, pros-
tate cancer, and renal cell carcinoma.

Patientswith paraneoplastic optic neu-
ropathy typically present with subacute,
painless visual loss. Although presenta-
tion varies, Cross and colleagues54

described a classic triad of optic disc
edema, leakage from the optic disc
vasculature on retinal angiography, and
vitreous cells. Visual fields are abnormal,
showing any type of optic nerveYrelated
defect. Neuroimaging may be normal or
show patchy T2-signal changes and

KEY POINT

h Optic nerve sheath
meningioma is typically
a slow-growing tumor
and is not amenable to
surgical resection.
Treatment is usually
reserved for patients
with sustained
progression of visual
loss and involves some
form of radiation
therapy.

She developed radiation keratopathy and later developed superimposed functional overlay, with
nonphysiologic visual field changes. The optic disc swelling gradually resolvedwith supervening pallor, and
she remained stable at her last visit, nearly 3 years after treatment.

Optic nerve sheath meningioma is an uncommon tumor, and the radiologic appearance can mimic
other disorders, which may need to be excluded through ancillary testing. The prognosis is variable,
but most patients progress over time. The tumor is highly radiosensitive, and radiation therapy
remains the primary treatment modality.

Continued from page 902
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enhancement of the optic nerves. The
optic neuropathy is nearly always associ-
ated with multifocal neurologic deficits,
including brainstem, spinal cord, or
cerebellar dysfunction. Some patients
have presented with optic nerve and
spinal cord dysfunction simulating neu-
romyelitis optica.53

Most patients are seropositive for a
serum antibody to a 62-kD neuronal
antigen, collapsin response mediator
protein-5 (CRMP-5).54 This protein is
found in normal adult retina, optic
nerve, and central and peripheral ner-
vous system neurons. Aberrant expres-
sion of this protein has been found in
small cell lung cancer tumor cells, and
the host immune response invoked by
neoplastic CRMP-5 is thought to cross-
react with native tissues, resulting in the
visual and neurologic manifestations of
paraneoplastic optic neuropathy.

Paraneoplastic optic neuropathy
should be suspected in any patient with
a known primary malignancy and optic
nerve dysfunction, particularly in patients
with small cell lung cancer. Metastatic
infiltration, carcinomatous meningitis, or
treatment-related injury (eg, chemother-
apy or radiation optic neuropathy)
should also be in the differential and
excluded through appropriate neuroim-
aging and laboratory studies. An isolated
optic neuropathy, particularly with no
disc edema or vitreous cells, is highly
unlikely to represent paraneoplastic op-
tic neuropathy, and this condition should
be low in the differential in these cases. A
CRMP-5 assay is commercially available,
and the presence of CRMP-5 in the
serum or CSF should mandate an expe-
dited search for a primary malignancy.

Treatment of the primary tumor may
stabilize or improve visual function in
some patients. Adjunctive immunosup-
pressive therapies may be an additional
treatment option, although the treat-
ment results from individual case reports
have been mixed.
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