Current concepts in
the diagnosis,
pathogenesis and
management of
nonarteritic anterior
ischaemic optic
neuropathy

Abstract

Nonarteritic anterior ischaemic optic
neuropathy (NAION) is the most common
acute optic neuropathy in patients over the
age of 50 and is the second most common
cause of permanent optic nerve-related visual
loss in adults after glaucoma. Patients
typically present with acute, painless,
unilateral loss of vision associated with a
variable visual field defect, a relative afferent
pupillary defect, a swollen, hyperaemic optic
disc, and one or more flame-shaped
peripapillary retinal haemorrhages. The
pathogenesis of this condition is unknown,
but it occurs primarily in patients with
structurally small optic discs that have little
or no cup and a variety of underlying
vascular disorders that may or may not be
known at the time of visual loss. There is no
consistently beneficial medical or surgical
treatment for the condition, but there are
now animal models that allow testing of
various potential therapies. About 40%

of patients experience spontaneous
improvement in visual acuity. Patients in
whom NAION occurs in one eye have a
15-19% risk of developing a similar event in
the opposite eye over the subsequent 5 years.
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Introduction

Nonarteritic anterior ischaemic optic
neuropathy (NAION) is the second most
common optic neuropathy in adults. Although
much is known regarding its clinical
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manifestations and its natural history, little is
known about its pathogenesis, and there is no
consistently effective treatment. In this paper,
we will discuss what is and is not known about
this condition.

Demographics

NAION is the most common acute optic
neuropathy in patients over 50 years of age,
with an estimated annual incidence in the
United States of 2.3-10.2 per 100 000
population,? accounting for at least 6000 new
cases annually. The disease occurs much more
frequently in Caucasians than in those who
identify themselves as African-American or
Hispanic.? There is no gender predisposition.?”
The mean age at onset in most studies ranges
from 57 to 65 years.2®

6

Clinical presentation

NAION presents with loss of vision occurring
over hours to days, often described as blurring,
dimness, or cloudiness in the affected region of
the visual field, most often inferiorly. Although
Hayreh et al” reported that visual loss was most
frequently reported upon awakening, this
feature was not confirmed in the Ischemic Optic
Neuropathy Decompression Trial (IONDT).?
NAION typically presents without pain,
although some form of periocular discomfort is
reported in 8-12% of affected individuals.>® In
contrast to patients with optic neuritis, those
with NAION usually do not report pain with
eye movement. The initial course may be static,
with little or no fluctuation of visual level after
initial loss, or progressive, with episodic,
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stepwise decrements, or a steady decline of vision over
days to weeks before eventual stabilization.

Visual acuity in patients with NAION varies considerably,
from 6/6 to no perception of light; however, in general, the
drop in acuity in patients with NAION is less than that
experienced by patients with the arteritic form of AION,
with over 50% of patients having acuity better than 6/60.*
Colour vision loss in NAION tends to parallel visual acuity
loss, as opposed to that in optic neuritis, in which colour
loss is often disproportionately greater than visual acuity
loss. Visual field defects in NAION may follow any pattern
related to optic nerve damage, but altitudinal loss, usually
inferior, occurs in the majority (Figure 1), ranging from
55 to 80% of reported cases.**10

The optic disc swelling that defines NAION may be
diffuse or segmental and hyperaemic (Figure 2a) or pale,
although pallid swelling occurs much less frequently
than in the arteritic form. Peripapillary retinal
haemorrhages are common, but soft exudates (ie, cotton-
wool spots) are unusual. A partial or complete macular
star pattern of hard exudate is occasionally present, but
its presence should suggest another condition, such as
neuroretinitis. The retinal arterioles may be diffusely or
focally narrowed, particularly in severe cases
(Figure 3a).!! The optic disc in affected eyes (if seen
before onset of NAION) as well as in the contralateral eye
is typically small in diameter'?!® and demonstrates a
small or absent physiologic cup (Figure 2b).!416
This ‘crowded’” morphologic appearance is believed to
predispose the optic nerve head to ischaemia because of
presumed structural crowding of the approximately 1
million axons at the level of the lamina cribrosa and has
therefore been described as a ‘disc-at-risk’ (see below).!®

It is reasonable to assume that the onset of optic disc
swelling is simultaneous with the beginning of visual
symptoms; however, this may not always (?ever) be the
case. Hayreh and Zimmerman'” described cases of
‘incipient’ NAION in which there is clear-cut typical
optic disc swelling unassociated with any visual
symptoms (Figure 3). They found that 55% of patients
with this condition experience resolution of disc swelling
without ever suffering visual loss, whereas 25% of
patients become symptomatic, usually within several
weeks, and 20% have resolution of disc swelling only to
have it recur symptomatically weeks to months later.
Arnold et al'8 recently confirmed fluorescein
angiographic evidence of filling delay consistent with
impaired perfusion in a patient with this presymptomatic
phase of NAION.

Pathophysiology

NAION is presumed to result from circulatory
insufficiency within the optic nerve head, but the specific
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Figure 1 Typical inferior altitudinal/arcuate visual field defect
in NAION.

Figure 2 Appearance of affected and unaffected optic discs in a
patient with NAION. a, optic disc in eye with NAION is swollen
and hyperaemic. Note several peripapillary flame-shaped
haemorrhages. b, optic disc in unaffected eye is small and has
no cup.

Figure 3 Patient with incipient NAION. The patient had
previously experienced an attack of NAION in his right eye.
He was seen for a routine evaluation. Vision in the right eye was
6/60. He had no visual concerns with respect to his left eye. Left
eye vision was 6/6 and the field was full. a, the right optic disc
is diffusely pale; it has no cup. The retinal arteries are diffusely
and focally narrowed. b, the left optic disc is swollen and
hyperaemic. There are multiple flame-shaped peripapillary
haemorrhages present. The patient subsequently experienced
visual loss in the eye about 1 week later.

location of the vasculopathy and its pathogenetic
mechanism remain unproven.'” Although blood flow
through the short posterior ciliary arteries (SPCAs) is
reduced in patients with NAION,? the rare cases that
have been studied histopathologically have shown no
evidence of thrombosis of the SPCAs?!"?? and it therefore



is believed that the condition is due in some cases to
generalized hypoperfusion and in others to occlusion of
disc or laminar capillaries (see below). The lack of
consistent choroidal filling delay in fluorescein
angiography studies of NAION suggests that the
impaired perfusion arises in the paraoptic tributaries of
the SPCA’s, distal to their split from the choroidal
branches.?

Pathogenesis

The mechanisms involved in the development of optic
disc ischaemia in NAION are unclear. Whether
ischaemia results from local arteriosclerosis with or
without thrombosis, embolization from a remote source,
generalized hypoperfusion, vasospasm, failure of
autoregulation, or some combination of these processes is
not known. Indeed, even occlusion of the venous system
has been proposed as a mechanism.?* Although
structurally small, ‘crowded” optic discs are associated
with NAION, the mechanism by which this contributes
to ischaemia has not been elucidated, and the role of
additional factors such as nocturnal hypotension and
sleep apnoea is unproven (see below) as large-scale
epidemiologic studies have not been performed.

Whatever the cause for impaired blood flow in the
optic nerve vasculature, persistent hypoperfusion
requires impairment in the normal autoregulatory
mechanisms of the optic nerve head. Flow normally is
maintained constant with variations in perfusion
pressure, intraocular pressure, and metabolic conditions
(including tissue oxygen and CO, levels) by factors that
vary resistance to flow, such as autonomic input. These
autoregulatory mechanisms may be impaired by
arteriosclerosis, vasospasm, or medications, including
beta-blockers and other antihypertensive medications.

As noted above, almost all patients who develop
NAION have a ‘disc-at-risk.”1® The structure of the optic
disc as a relatively inflexible region encompassing the
axons of the optic nerve has been implicated in two
histopathologic studies. Tesser et al?® reported that the
infarct documented in their case did not follow a specific
vascular territory, suggesting a compartment syndrome
as a mechanism. Knox et al?® reviewed the
histopathologic features in 193 eyes classified as having
optic nerve ischaemia (without clinical correlation) in the
Eye Pathology Laboratory of the Wilmer Eye Institute
and accessioned from 1951 to 1998. Sixty-nine eyes (36%)
demonstrated cavernous degeneration within the
laminar region. Those cases in which there was
substantial compression of the adjacent axons by the
expanding mucopolysaccharide cavern lend support to
the compartment syndrome as a mechanism in at least
some cases of NAION.
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Risk factors

In addition to a ‘disc-at-risk,” almost all patients who
develop NAION have at least one underlying vascular
risk factor that may or may not be known at the time they
lose vision. For example, Hayreh believes that nocturnal
systemic hypotension has a major role in the
development of NAION.” He has emphasized that the
relative hypotension that normally occurs with sleep
may chronically compromise optic disc circulation,
particularly in patients with an exaggerated nocturnal
‘dip” or in patients, such as those with systemic
hypertension, in whom optic disc circulation
autoregulatory mechanisms are impaired. This effect
may be worsened with aggressive antihypertensive
therapy, particularly if administered at night, by
exacerbating the nocturnal pressure drop. Data
supporting this hypothesis come from a study in which
Hayreh et al” performed 24-h ambulatory blood pressure
monitoring in 52 subjects with NAION and compared
the results with those from 19 patients with primary
open-angle glaucoma (POAG) and 65 patients with
‘normal-tension” glaucoma (NTG). Mean decreases in
systolic and diastolic blood pressure of 25.3% and 31.2%,
respectively, were noted in NAION. As no controls were
monitored, it remains unclear if this represents an
exaggerated nocturnal drop in pressure. In general, no
significant differences in pressure decrease were
observed among NAION, NTG, and POAG; however, the
31.2% diastolic decrease in NAION was significantly less
(P=0.004) than the 36.0% figure for NTG. In patients
with NAION with systemic hypertension on medication,
nighttime blood pressure figures were significantly lower
in those with visual field deterioration (progressive
NAION, 25 of 42 patients). A subsequent report from the
same investigators®” included a total of 114 NAION, 131
NTG, and 30 POAG subjects, presumably incorporating
the prior study. Based on the total data, the authors
suggested that nocturnal systemic hypotension has a
significant role in the development of NAION in certain
susceptible subjects.

Not everyone agrees that hypotension has a major role
in the pathogenesis of NAION. Landau et al*® performed
24-h ambulatory blood pressure monitoring in 24
subjects with NAION and 24 age-, disease-, and
medication-matched controls. Mean decreases of 11%
systolic and 18% diastolic were measured in NAION,
compared with 13% and 18%, respectively, in controls,
showing no significant difference. These investigators
did, however, see mildly lower mean daytime pressures
in NAION than controls, averaging 5-7 mm Hg; the
largest difference was noted in the morning, indicating a
slower morning rise in pressure in NAION subjects when
compared with normal controls. The conflicting data
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from these two groups leave the role of nocturnal
hypotension in NAION unresolved; however, we
recommend a discussion with patients with NAION as
well as with their physicians regarding the possible
accentuation of nocturnal hypotension by nighttime use
of anti-hypertension medications, and we recommend
that they take their medication during the day rather
than at bedtime.

NAION has been reported in association with many
conditions that may predispose to decreased optic nerve
head perfusion via microvascular occlusion (Table 1). For
example, systemic hypertension has been documented in
34-49.4% of patients and diabetes mellitus in 5-25.3%.2-31
Diabetes is associated with the development of NAION
at a younger age in most series as well. Hyperlipidaemia
is also a common finding in patients with NAION.3233
It is important to note, however, that in many patients who
develop NAION, the underlying systemic vasculopathy is
not known at the time that NAION occurs. A large-scale
(137 cases) but uncontrolled study by Chung et al3*
concluded that smoking was a significant risk factor
on the basis that smokers developed NAION at a
significantly younger age than nonsmokers.

Many people assume that the obstructive sleep apnoea
syndrome (OSAS) only occurs in obese individuals;
however, this is not the case. OSAS can occur in
individuals who are neither obese nor overweight and
has been reported to be present in up to 89% of patients
who develop NAION,*% a much higher prevalence
than in an age- and gender-matched population with
similar other vascular risk factors (eg, diabetes mellitus,
hypertension, and tobacco use). It is unclear, however, if
OSA is causative or merely further evidence of vascular
dysregulation.! Li et al” reported in a case—control study
that a validated questionnaire can be used to identify
patients with NAION who also have OSAS; however, it is
unclear if treatment of OSA with continuous positive
airway pressure reduces the risk of first- or even second-
eye involvement.*?

Table 1 Risk factors associated with the development of
spontaneous NAION

Hypotension (esp, nocturnal)
Hypertension

Diabetes mellitus

Hyperlipidaemia

Anaemia

Obstructive sleep apnoea
Hyperhomocysteinaemia

Various coagulopathies (eg, increased factor VIII)
Migraine

Smoking

Optic disc drusen

Cataract extraction (uncomplicated)

Eye

Elevated plasma homocysteine levels are associated
with an increased risk of premature ischaemic events
(peripheral vascular disease, stroke, and myocardial
infarction) in patients younger than 50. The prevalence of
hyperhomocysteinaemia in the general population is
estimated at 5%, a figure that increases to 20-30% in
nondiabetic stroke or myocardial infarction patients
younger than 55. The mechanism of vasculopathy related
to hyperhomocysteinaemia is unclear. Although some
severe cases are related to an inherited deficiency of
methylenetetrahydrofolate reductase, resulting in
decreased conversion of homocysteine to methionine, in
others, poor intake or absorption of common vitamins
B6, B12, and folic acid may impair the breakdown of
homocysteine.

The relation of hyperhomocysteinaemia to NAION
remains unclear. Although Pianka et al*? reported
elevated levels in 45% of 40 NAION patients (mean age
66 years) vs 9.8% of controls, and Weger et al** also
reported mean elevation (11.8 vs 9.8 yumol/1) in 59
NAION patients vs controls, Biousse et al® reported
normal values in 14/14 patients with a mean age of 43
years. The clinical significance of these statistically
significant findings is uncertain, limited by small patient
numbers and widely varying results (0/14 in Biousse
et al*® to 45% in Pianka et al*).

Isolated reports have documented prothrombotic risk
factors in patients with NAION, but a large-scale study
by Salomon et al*® did not confirm an association. These
investigators evaluated risk factors for thrombosis,
including lupus anticoagulants, anticardiolipin
antibodies, prothrombotic polymorphisms (eg, factor V
Leiden), and deficiencies of protein C and S and
antithrombin III in a series of 61 patients with NAION vs
90 controls. No correlation with any of these factors was
detected. Salomon et al*® also found no association of
angiotensin-converting enzyme and angiotensin II type 1
receptor polymorphisms with NAION; however,
Salomon et al*’ subsequently compared 92 consecutive
patients with NAION with 145 controls for evidence of
platelet glycoprotein polymorphisms. They found a
statistically significant association with the VNTR B
allele in NAION vs controls; second-eye involvement
was more frequent and earlier in onset in those with
the polymorphism. These last data suggest that
perhaps some previously undetected or neglected
prothrombotic conditions are linked to the
development of NAION; further investigation is
required to establish definitively these and other
associations.

NAION has been associated infrequently with a
multitude of additional factors and disorders that may
be causative, either due to optic disc structure or other
features that may affect optic disc perfusion pressure.



These include optic disc drusen, cataract surgery,
migraine, and certain medications.

NAION may occur in patients with optic disc drusen.
Purvin et al*8 reviewed the clinical presentation in 24 eyes
of 20 patients with NAION occurring in the setting of
optic disc drusen. No unusual features were present
aside from the substantially lower age group affected
(mean age, 49.4 years, range 18-69). Vasculopathic risk
factors were present in 50%. Although it is reasonable to
attribute early development of NAION in this patient
group to an exaggerated contribution of optic disc
‘crowding’ due to the drusen, it is unclear why
it remains a relatively rare occurrence.

Townes et al*® may have described the first cases of
what is now called ‘post-cataract extraction NAION’ in
the English literature in 1961 when they reported four
patients who developed what they called ‘optic neuritis’
after apparently uncomplicated cataract surgery. Reese
and Carroll® subsequently reported post-cataract
extraction ‘optic neuritis” in 17 eyes of 17 patients. The
loss of vision occurred 6-12 weeks after surgery, and all
patients presented with a central scotoma and optic disc
swelling in the affected eye. Ten of the 17 patients
underwent cataract extraction in the fellow eye, and 3
developed a similar process in that eye. Michaels and
Zugsmith®' emphasized that some patients with this
condition experienced immediate visual loss whereas in
others, visual loss occurred weeks to months after the
surgery. Carroll>? subsequently published nine more
cases. Between his initial series and the subsequent one,
8 of 17 patients (47%) who experienced post-cataract
extraction in one eye developed an identical process after
cataract extraction in the fellow eye. McCulley et al®®
reviewed 5787 cases of cataract extraction over a 5-year
period and identified 3 cases of anterior optic neuropathy
resembling NAION occurring within 1 year of the
procedure (29, 36, and 117 days), with an overall
incidence of 1 in 2000 and an estimated 6-month
incidence of 51.8/100 000, significantly higher than the
reported overall incidence (see above). The association of
post-cataract extraction anterior optic neuropathy was
supported by a subsequent study by McCulley et al,* in
which the temporal association of 18 cases occurring
within 1 year following cataract surgery was compared
with a uniform distribution; the finding that all 18 cases
occurred within 6 months after surgery was statistically
significant. Finally, Lam et al®® performed a retrospective
cohort study in which they identified 325 patients who
developed spontaneous NAION in one eye, 17 of whom
underwent cataract extraction in the fellow eye. Of these
17 individuals, 9 (563%) developed an anterior optic
neuropathy in the fellow eye, with 6 of the 9 developing
the condition within 6 months (median 2.8 months).
Among the remaining 308 patients who had no cataract
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surgery in the eye contralateral to that which experienced
spontaneous NAION, 59 (19%) experienced spontaneous
NAION in that eye. Using these data, Lam et al®
calculated that the risk of a post-cataract extraction
anterior optic neuropathy was 3.6 times higher in
patients who had experienced an attack of spontaneous
NAION in the other eye compared with patients who
had not had an attack of spontaneous NAION and
concluded that the anterior optic neuropathy that occurs
shortly after uncomplicated cataract extraction is, indeed,
a form of NAION.

NAION occurs in patients with migraine and, as in
those with optic disc drusen, tends to develop at an
earlier age than does ‘classic’ NAION. No systematic
study has been performed, but reported patients seem to
be mainly under 50 years of age at onset, and many are in
their 20s.5%%7 Visual loss occurred during or immediately
following an episode of cephalgia. The mechanism of
vasculopathy has been postulated to be vasospasm. Katz
and Bamford® suggested that beta-blocking agents may
potentiate this vasospastic effect in patients with
complicated migraine, recommending avoidance of this
class of drugs in this patient group.

Several medications have been associated with the
development of NAION (Table 2). Interferon-alpha is a
glycoprotein with antiviral, antitumour, and
antiangiogenic effects used as adjuvant therapy for
malignancies, including melanoma, leukaemia, and
lymphoma, and for chronic hepatitis C. Several reports
have confirmed the development of NAION, usually
bilateral, sequential, and temporally associated with the

58-60

institution of interferon therapy; recurrences with
restarting the medication also have been described.

The clinical course is variable, with some patients showing
improvement with discontinuation of therapy. Possible
pathogenetic mechanisms include interferon-induced
systemic hypotension or immune complex deposition
within the optic disc circulation.

Three drugs that inhibit phosphodiesterase
5—sildenafil (Viagra), tadalafil (Cialis), and vardenafil
(Levitra)—are commonly prescribed for erectile
dysfunction (ED). All three drugs may produce systemic
hypotension; the therapeutic dose may reduce systemic
blood pressure by at least 10 mm Hg. A number of cases
of what appears to be NAION have been temporally
associated with the use of these drugs.61 In addition, at
least one ‘challenge’ case of NAION has been reported.®?

Table 2 Drugs associated with the development of spontaneous
NAION

Interferon-o
Erectile dysfunction drugs
Amiodarone

Eye
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In all reported cases, the optic discs have had the typical
‘crowded’ configuration commonly seen in NAION. The
postulated mechanism in these cases is systemic
hypotension in patients with structurally predisposed
optic discs, possibly complicated by an exaggerated
nocturnal dip in blood pressure. Although the number of
reported cases of NAION associated with the use of an
ED drug is extremely small, particularly considering the
widespread use of the drug, we agree with others that all
male patients who develop NAION should be asked
specifically and, ideally, in private, if they are using an
ED drug. In addition, we recommend that patients for
whom an ED drug is prescribed undergo an
ophthalmologic examination and that if such patients
have ‘discs-at-risk,” they should be counselled regarding
the risk of developing NAION if they used the drug.

Amiodarone is in widespread use as a cardiac anti-
arrhythmic agent and has been associated with the
development of an anterior optic neuropathy that
clinically mimics NAION.%3-% The problem in
determining an association between amiodarone and
NAION is that patients who are placed on amiodarone
generally have severe cardiovascular disease as well as
other vascular risk factors (eg, hyperlipidaemia and
hypertension). Thus, they are already predisposed to
developing spontaneous NAION. To clarify the
association, Macaluso ef al®’ summarized the data from
73 patients, including 16 published case reports and 57
patients with information recorded in the National
Registry of Drug-Induced Ocular Side Effects, with optic
neuropathy associated with amiodarone use. These
authors emphasized, as have Purvin et al %8 that those
patients most likely to have an amiodarone-related
NAION are those in which the condition is bilateral, has
an insidious onset, and is characterized by generalized
rather than altitudinal visual field loss as well as chronic
optic disc swelling persisting months rather than weeks
after onset of visual loss.

An interesting study was performed by Mindel et al®
in which 1669 subjects received either closed-label
amidarone at a mean dose of 3.7 mg/kg/day (n=837) or
placebo (1 =832). All patients were followed for at least
27 months or until death (the median follow-up for
survivors was 45.5 months). The end point of removal
from the study was complaints of bilateral visual loss.
In fact, no subject was removed from the study because
of bilateral visual loss. Thus, the authors concluded that
at commonly used doses, amiodarone infrequently
produces bilateral visual loss if it does so at all. Having
said this, it must be emphasized that the subjects in the
study did not undergo routine ocular examinations and,
thus, some patients may have experienced mild and
asymptomatic visual dysfunction from amiodarone. In
any event, we believe that, just as in the case of NAION

Eye

associated with the use of ED drugs, any patient who
develops NAION, particularly if it is bilateral and
insidious in onset, should be asked specifically if he/she
is taking amiodarone. If so, the patient as well as his/her
cardiologist should be told of the possible association
between the two, whereupon the decision to stop or
continue the drug can be made by the patient and
his/her physician.”

Cellular mechanisms

Recent advances in the understanding of ischaemic
central nervous system damage have raised new
questions regarding the pathogenesis of neuronal
damage in both the arteritic and nonarteritic forms of
AION. Neurotrophin deprivation in retinal ganglion cells
after ischaemic insult may have a significant role in cell
death.”"72 Secondary neuronal degeneration in cells
adjacent to infarcted tissue may develop as a result of a
toxic environment produced by the dying cells.”? Such
deterioration may be mediated by processes including
excitatory amino acid (especially glutamate) toxicity,
reactive oxygen species (including lipid peroxidation),
intracellular calcium influx, and apoptosis.?’74
Experimental models of optic nerve injury have been
shown to be associated with elevated levels of glutamate
in the overlying vitreous.” Levin et al’* have shown
evidence of apoptosis in the ganglion cells in a case of
NAION. Thus, ischaemia-induced cell death may result
in release of glutamate, with further cell damage and
death by excitotoxic induction of apoptosis. The specific
role each of these mechanisms may have in the
development and clinical course of AION, however,
remains unproven.

Unique animal models for optic nerve ischaemia that
may provide a means to further study these aspects have
recently been developed in rodents and in non-human
primates. Bernstein et al”® selectively thrombosed the
surface microvascular supply of the optic nerve in adult
rats, using a photoablative technique. After intravenous
infusion of the photosensitizing agent rose bengal, the
optic nerve was exposed to a laser source, producing
photoactivation of the intravascular agent, with selective
damage of the endothelium by the superoxide radicals
created in the exposed region, with resultant thrombosis.
Cellular responses, including alterations in ganglion cell
histopathology and retinal gene and protein expression,
were studied and are consistent with other models of
ischaemic neuronal injury. A mouse model of NAION
subsequently was created by Goldenberg-Cohen et al””
and reproduced by Pangratz-Fuehrer et al.”8 More
recently, Chen et al”® produced a non-human primate
model of NAION in adult rhesus monkeys using the
same basic technique. The primate model is similar to



naturally occurring human NAION in clinical and
fluorescein angiographic appearance (Figure 4) and is
associated with electrophysiologic evidence of early optic
nerve axon damage and delayed retinal ganglion cell loss
(Figure 5), but there is no electrophysiological evidence
of retinal dysfunction nor is there histological evidence of
retinal damage other than thinning of the peripapillary
retinal nerve fibre layer. Interestingly, histological and
immunohistochemical assessments in all of these models
indicates a significant inflammatory reaction in the
region of the ischaemic lesion (Figures 6 and 7),
suggesting that at least some of the optic nerve damage is
related to inflammation rather than ischaemia.8%8! Even
more importantly, a similar inflammatory reaction was
found in an acute case of NAION studied histologically
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and immunohistochemically (Figures 8 and 9).8!
Although the mechanism of production of ischaemic
injury in these models differs from typical human
NAION, the models nevertheless provide insight into the
cellular mechanisms involved with ischaemic damage to
ganglion cells and may be instrumental in testing future
hypotheses for neuroprotective therapy in NAION.

Clinical course

Untreated, NAION generally remains stable, with most
cases showing no significant improvement or deterioration
over time.*2-8% Even in the so-called progressive form,

further deterioration after reaching the low point of visual
function within 1-2 months is rare.#888 Having said this,

Figure 4 Clinical and angiographic findings in primate model of NAION (pNAION). (a-d) Optic disc colour photographs. (a) Before
induction of pNAION, the optic disc (ON) is normal in appearance, and the retinal arteries (A) and veins (V) are not obscured. Note
that the disc has almost no central cup, thus mimicking a human ‘disc-at -risk.” (b) Optic disc appearance 1-day post-induction. The
disc is pale and swollen, with blurring of the retinal nerve fibre layer and obscuration of vessels as they cross the disc (arrow). Several
peripapillary haemorrhages are present (arrowhead). (c) Seven days post-induction, optic disc oedema is increased and extensive
haemorrhages overlie and surround the disc. (d) Seventy days post-induction, optic disc oedema has resolved and the disc is now pale,
particularly temporally (arrows); the previously noted haemorrhages have also resolved. (e-h) Intravenous fluorescein angiography
(IVFA) late phase (5-min post-dye injection). (e) Before induction. ON margins are sharply defined (arrowheads); there is no dye
leakage. (f) Seven days post-induction, arteriovenous phase, there is generalized dye leakage from the optic disc, particularly from its
temporal aspect (arrow). The margins of the disc are obscured. A peripapillary splinter haemorrhage is present at 3 o’clock.
(g) Fourteen days post-induction, dye leakage persists and appears more generalized and the disc margins remain obscured (arrow).
(h) Twenty-eight days post-induction, there is no dye leakage, only diffuse disc staining (arrowheads), suggesting re-establishment of
an intact blood brain barrier. (i-1) High-resolution retinal ICG angiography (ICGA). (i) Before induction. The retina: ON border is
sharply defined, and there is laminar blood flow in the veins (double arrowheads). Normal choroidal blood flow is definable by fine
whitish streaks. (j) One-day post-induction. No disruption of either choroidal or intra-retinal blood flow is discernable. (k) Seven days
post-induction. Choroidal and retinal blood flow remain intact. (I) Four weeks post-induction. There is no disruption of either retinal
or choroidal blood flow; venous blood flow is laminar. (Reproduced with permission from Chen et al,”® copyright holder ARVO).
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Figure 5 Clinical electrophysiology of control (blue lines) and 7-s pNAION-induced (red lines) eyes. The upper panel shows visual
evoked potential (VEP) in both eyes at baseline (pre-induction), 1 week post induction, 2 weeks post induction, and 9 weeks post
induction. At baseline, the VEPs are equal in the two eyes; however, at 1 week there is a reduction in the VEP amplitude from the
PNAION eye, whereas the VEP amplitude in the control eye remains normal. The reduction in VEP amplitude in the pNAION eye
persists at 2 and 9 weeks, whereas the VEP amplitude in the control eye remains normal. Note that the latency of the P100 peak
remains normal in both eyes throughout the period of observation. The lower panel shows the pattern electroretinogram (PERG) of
control and 7-s pNAION eyes during the same period as the VEP. At baseline, the PERG is normal in both eyes and remains normal in
both eyes 1 week after induction; however, by 2 weeks post induction, there is a large reduction in the N95 PERG amplitude in the
PNAION eye compared with the control eye, suggesting that intraocular retinal ganglion cell (RGC) function has declined following
the optic nerve infarct. This reduction is still present at 9 weeks. The delay in PERG reduction suggests that, at least in this animal,
RGC damage does not occur immediately. (Reproduced with permission from Chen et al,”® copyright holder ARVO).

SMI+Ibal

Figure 6 SMI312 (red) and Ibal (green) immunolabelling of the optic nerve (ON) in a control ON (a) and in the optic nerve from an
eye with rodent-induced anterior ischaemic optic neuropathy (rAION) 3 days after induction (b, c). Sections are counterstained with
Hoechst for the cell nuclei. (a) The normal ON shows intact neurofilaments characterized by intense SMI312 immunostaining in the
anterior, intrascleral and retroscleral portions of the ON. (b, ¢) In a rAION-induced ON, SMI312 staining is intense in the anterior and
retroscleral ON (arrows in b), but there is significant disruption of labelled neurofilaments in the axons in the intrascleral and
immediate retroscleral portion of the ON (IC, ischaemic core in Figure b), with heavy infiltration of Ibal(+) macrophage/microglia
(green in Figure c). This likely represents the ischaemic infarct region. Significant disc oedema (*) is also noted in the anterior portion of
the ON at 3-day after ischaemia. The juxtapapillary ONL layer is displaced laterally from the ON oedema caused by the infarct in the
intrascleral and immediate retroscleral region. (ONL, outer nuclear layer; V, blood vessel.) Bar =50 um. (Reproduced with permission
from Zhang et al®0).
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Figure 7 Identification of inflammatory cells in region of infarct shortly after induction of primate NAION (pNAION). (a, d, g)
Control (naive) optic nerve (ON). (b, e, h) Three days post-induction. (c, f, i) Seven days post-induction. (a—c) Total inflammatory cell
numbers. (a) The naive nerve has numerous Ibal(+) cells scattered throughout the ON structure, with normal axon numbers and
staining. (b) Three days post-induction, there is focal Ibal(+) cell accumulation, with slight focal reduction of SMI312
immunopositivity. (c) One-week post-induction, there is marked loss of SMI312 immunopositivity, with increased focal accumulation
of Ibal(+) inflammatory cells. (d) In control nerve, few if any polymorphonuclear leukocytes (PMNs) are present. (e) Three days post-
induction, PMNs are present as a focal accumulation in the region of ON damage. (f) PMN numbers are greatly decreased 1-week
post-induction. (g) Few if any extrinsic macrophages (in red) are present in the naive ON, which has strong Ibal(+) cellular
immunostaining. (h) Three days post-induction, there are a few Ibal(+)/ED1 (+) cells (ie, extrinsic macrophages) in the affected ON
region (arrows). (i) One-week post-induction, there are a large number of extrinsic macrophages (arrows) in the affected region.
(Reproduced with permission from Salgado et al!).

it must be emphasized that spontaneous improvement of
visual acuity is not unusual. Recovery of at least three
Snellen acuity lines has been reported in up to 42.7% of
patients, although significant improvement in visual
field seems to occur less commonly than does
improvement in acuity.”’

After stabilization of vision, usually within 2-3
months, recurrent or progressive visual loss in an
affected eye is extremely unusual and should prompt
evaluation for another cause of optic neuropathy. Repka

Figure 8 Cross-section of the affected optic nerve immediately
posterior to the globe from a patient who died shortly after
experiencing an attack of NAION, showing a large focal infarct et al* reported recurrent episodes in 3 of 83 (3.6%)
(3) associated with axon loss; (haematoxylin and eosin, original patients. Hayreh ef al’! reviewed 829 eyes in 594

magnification x 50). Zone 1 is a grossly intact normal region of consecutive patients with NAION and documented
the NAION-affected ON. Zones 2 and 5 are tissue areas adjacent recurrence in 53 eyes (6.4%).

to the infarct area (penumbral zone). Zone 3 represents the The initiall 1L ic disc th .
central infarct area. Zone 4 is the area adjacent to the infarct, e nitially swollen OPUC 1sc that occurs. n acute
which includes the central blood vessel that supplies the retina. NAION becomes pale, either sectorally or diffusely

(Reproduced with permission from Salgado et al?). (Figure 10), usually within 6-11 weeks after onset of
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ED1
Iba

SMI

Figure 9 EDI1(pink)), Ibal(green) SMI312 (red) immunostaining of a cross-section of human optic nerve 20 days after onset of visual
loss from NAION. (a—c) ED1 and Ibal immunostaining with DAPI counterstain. (e—f) SMI312 staining with DAPI counterstain. (a, d)
Zone 1 (intact). (b, e) Zone 3 (presumed primary infarct region). (c, f) Zone 5 (presumed penumbral region). (a—c) Ibal(+)/ED1(—)
cells (ie, intrinsic microglia) are seen in all zones (arrowheads), but Ibal(+)/ED1(+) cells (ie, extrinsic macrophages) are present only
in Zones 3 (b) and 5 (c). Specifically, no Ibal(+)/ED1(+) cells are present in Zone 1 (a). (d) SMI312 staining in zone 1 reveals normal
axon filaments. Filaments are absent or disrupted in zones 3(e) and 5 (f). Bar =50 um. (Reproduced with permission from Salgado

et altl).

Figure 10 Appearance of NAION in the acute period (a) and
3 months later (b). Note progression from hyperaemic optic disc
swelling in the acute phase to subsequent diffuse optic disc
pallor.

visual loss.?? Persistence of swelling beyond this time
frame should prompt consideration of an alternate
diagnosis (eg, a compressive or infiltrative anterior optic
neuropathy). Eventual involvement of the contralateral
eye has been reported in 15-19% of patients within

5 years of initial eye involvement.?>%*

Occurrence in the second eye produces the clinical
appearance of a ‘pseudo-Foster Kennedy syndrome,” in
which the previously affected disc is pale and the
currently affected disc is swollen. A history of acute
visual loss in both eyes as well as significantly impaired
visual function in the eye with the disc swelling
distinguishes this condition from the true Foster
Kennedy syndrome, in which there is no history of
abrupt visual loss in the eye with the pale optic disc (the
pallor is due to a compressive process) and the disc
swelling in the contralateral eye oedema is due not to
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acute ischaemia but to elevated intracranial pressure and,
therefore, is not associated with decreased vision (at least
in the ‘classical” syndrome).

Several authors have found that patients who develop
NAION have a higher risk of subsequent cerebrovascular
(eg, transient ischaemic events and strokes) and
cardiovascular events (heart attacks) as well as an
increased mortality from vascular events than a matched
population.3682

Differential diagnosis

NAION must be differentiated from other anterior
optic neuropathies, including anterior optic neuritis
(idiopathic, demyelinating, sarcoid-related, etc.),
anterior compressive optic neuropathy (from anterior
orbital lesions), and infiltrative optic neuropathy. Optic
neuritis may resemble ischaemia with regard to rate of
onset, pattern of visual field loss, and optic disc
appearance; however, in most cases, the patient’s
younger age, pain with eye movement, and character of
the disc swelling (diffuse and hyperaemic without
haemorrhages, rather than pale or segmental) allow
differentiation between the two conditions. Orbital
lesions producing unilateral optic disc swelling usually
produce gradually progressive visual loss. In addition,
the detection of subtle signs of orbital disease,
including mild proptosis, lid or eye movement
abnormalities, or the persistence of optic disc swelling



Table 3 NAION treatments attempted

Medical
Diphenylhydantoin
Aspirin
Corticosteroids
Systemic
Intravitreal
Anti-VEGF agents (eg, bevacizumab)
Erythropoietin/erythropoietin receptor agonists

Surgical
Optic nerve sheath fenestration
Optic neurotomy

Other
Hyperbaric oxygen

beyond the usual 6-11 weeks in NAION, may indicate
the need to perform neuroimaging. Similarly, patients
with infiltrative optic neuropathies such as those
related to leukaemia, lymphoma, and sarcoid generally
have either little visual loss or slowly progressive
visual loss and chronic optic disc swelling.

Diagnostic testing

Perhaps the most important issues in diagnosing NAION
are a careful medical and social history (including direct
questioning regarding symptoms of OSA and giant cell
arteritis (GCA) as well as use of ED drugs) followed by a
complete examination. In patients with a typical
presentation of NAION, without symptoms or signs
suggesting GCA, and with normal erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP)
levels, we do not routinely perform additional testing.
Indeed, in the appropriate setting, neither an ESR nor
CRP may be needed. In all cases, however, an evaluation
by a primary-care physician or internist for evidence and
control of modifiable risk factors, such as hypertension,
diabetes, hyperlipidaemia, obstructive sleep apnoea, and
smoking, is essential. We do not perform neuroimaging
unless the patient presents with substantial pain or
follows an atypical course, such as prolonged optic disc
swelling or continued progressive or recurrent visual loss
>2-3 months after initial presentation. The value of
additional testing for vasculopathic and prothrombotic
risk factors remains unclear. We do not perform carotid
studies unless prominent pain or other signs of orbital
ischaemia are present. For NAION in the typical age
group, we do not routinely assess homocysteine levels,
but in patients under 50, we perform this testing as
elevated levels are amenable to therapy. We do not test
for prothrombotic risk factors unless there is other
evidence of personal or familial thrombosis or the patient
is relatively young, and we do not screen for vasculitides
other than GCA unless there is clinical evidence for them.
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In patients with substantial hyperhomocysteinaemia, we
recommend vitamin supplementation (B6, B12, and folic
acid) and continued monitoring for evidence of systemic
vasculopathy by a primary-care physician or an internist,
although the value of lowering homocysteine levels for
reduction of vascular events is unproven.

Therapy

There is no consistently effective therapy for NAION
(Table 3). Diphenylhydantoin was assessed in a
randomized controlled clinical trial and found to be
ineffective,”® although it must be emphasized that
subjects were treated 3 months after onset of visual loss
so as to eliminate the potential for the natural history to
be responsible for any visual improvement. There are no
class I or class II data for the use of aspirin.

Hayreh and Zimmerman® performed a
nonrandomized, open-label trial of systemic
corticosteroids for acute NAION and found some
evidence that they were effective in improving visual
function compared with the natural history; however, the
untreated group had more vascular risk factors than the
treated group. Although a subsequent randomized but
much smaller trial by Rebolleda et al’” revealed no
difference in visual outcome between treated and
untreated subjects, we agree with Hayreh (personal
communication) that the lack of efficacy of steroids in
some (?many) cases of NAION may be related to the
often delayed intervention and variations in severity of
visual loss. Treatment with prednisone, beginning with a
dose of 80 mg/day and gradually reducing the dose over
several weeks, probably is the most common treatment
tried in patients with NAION.

Several investigators have reported small series in which
treatment of acute NAION with an intravitreal injection of
an anti-vascular endothelial growth factor (VEGF) agent
such as bevacizumab was associated with an improved
visual outcome;”® however, a small nonrandomized
prospective trial (17 patients treated and 8 patients not
treated) failed to show any benefit in visual outcome or
peripapillary retinal nerve fibre layer thickness between
treated and non-treated subjects.99 In addition, several
cases have been reported in which NAION developed
shortly after an intravitreal injections of an anti-VEGF
agent for age-related macular degeneration.!%

Erythropoietin, a regulator of red blood cell production
in response to hypoxaemia, is expressed by neurons, glial
cells, and cerebrovascular endothelium, has been shown
to be neuroprotective in vitro and in animal models of
neuronal injury,'! and can be administered intravenously,
intravitreally, or even topically. Modarres et al'%?
performed a small prospective trial in which 61% of 31
eyes treated with an intravitreal injection of erythropoietin
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experienced visual improvement; however, the vision in
most of the eyes deteriorated after about 1 month.

In addition to medications, some investigators have
tried other treatments for NAION. For example, Arnold
et al'® treated 22 eyes in 20 patients with acute NAION
using hyperbaric oxygen at 2.0 atmospheres twice a day
for 10 days, comparing visual outcome to 27 untreated
controls. These authors found no beneficial effect.

Optic nerve sheath fenestration (ONSF) is used to
treat some cases of papilloedema with generally
favourable results. The IONDT assessed the value of
ONSF in the treatment of acute NAION based on the
theory that at least some of the optic nerve damage
caused by NAION in which there is progressive visual
loss is due to post-ischaemic intraneural swelling with
secondary impairment of local vascular flow or
axoplasmic transport within the optic nerve head
and that reduction of perineural subarachnoid
cerebrospinal fluid pressure could improve vascular,
axonal transport, or both, thus reducing tissue injury in
reversibly damaged axons. Several earlier studies had
suggested a beneficial effect in the progressive form of
NAION.88104105 Recruitment for the IONDT was
ceased after 2 years, with 119 treated and 125 untreated
patients (most of whom had the non-progressive form
of NAION!), when data analysis revealed no significant
benefit of treatment. Indeed, improvement in visual
acuity by at least three lines was noted in 32.6% of
treated patients vs 42.7% of untreated patients).8
Moreover, the treatment group showed a statistically
significantly greater risk for worsening by three lines or
more (23.9% among treated patients vs 12.4% in
untreated patients). There were too few subjects with
progressive NAION in the trial to provide a definitive
answer as to whether or not ONSF is beneficial in this
setting; however, as there was a negative trend toward
improvement in these subjects, this technique currently
is not recommended for the treatment of either non-
progressive or progressive NAION.

Transvitreal optic neurotomy has been proposed as a
therapy for NAION. The procedure involves a pars plana
vitrectomy and induced posterior vitreous detachment,
associated with a stab incision at the nasal margin of the
optic disc, with the purpose of opening the scleral canal
and relieving compression of an edematous optic nerve
head. If a compartment syndrome is at least a component
of the pathophysiology of NAION, such a procedure in
theory could break the cycle of oedema and vascular
compression. Soheilian et al'% reported the results of
transvitreal neurotomy in patients with acute NAION and
severe visual loss (visual acuity range counting fingers to
20/800) and onset before surgery ranging from 15 to 90
days. Improvement of visual acuity was noted in six
patients, with a final range of counting fingers to 20/60.
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This study was limited by several factors, including small
patient numbers, sample bias (ie, severe visual loss with
difficulty accurately measuring pre- and postoperative
visual levels), and delayed onset of therapy. The authors
emphasized the experimental nature of this procedure
and recommended a randomized clinical trial before
considering this approach.

Prevention

Just as there is no proven treatment for NAION, there is no
proven prophylactic to prevent second-eye involvement.
Although some authors have found evidence that aspirin
can reduce the incidence of fellow-eye involvement after
NAION, 107108 3 Jarge retrospective review by Beck et al'®
studied 431 patients with NAION for second-eye
involvement with and without aspirin use. The 5-year risk
for fellow-eye involvement was calculated at 12-19%,
depending on the analysis method, and no long-term
benefit for aspirin use was found. The 5-year cumulative
probability risk for fellow-eye NAION after the initial
episode was 17% among treated patients vs 20% among
untreated patients. A proposed prospective multicenter
trial of aspirin to prevent second-eye involvement in
patients with NAION was abandoned when it became
clear that the number of subjects who would need to be
recruited would be huge (about 2000) and would have to
be followed for at least 5 years. In addition, there was
concern that it would be impossible to keep subjects
randomized to no treatment from being exposed to aspirin
products. Nevertheless, although beneficial long-term
effects remain unproven for NAION, many experts
recommend the use of aspirin after an initial episode, if
only for its role in decreasing risk for stroke and myocardial
infarction in this vasculopathic population group.

In summary, we have learned much about the clinical
manifestations, structural and vascular risk factors, and
natural history of NAION; however, much remains to be
learned about its pathogenesis, and a consistently
effective therapy has yet to be identified.
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