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Optic neuropathy (ON) is a common problem in childhood resulting from
various causes including ischemic, metabolic, hereditary, traumatic and
inflammatory events. The latter represents the most prevalent group; the term
“optic neuritis” is generally used for this group which can manifest as part of
a systemic inflammatory disease, a central nervous system disorder, or as an
isolated entity. The aim of this review is to highlight the clinical characteristics
and treatments of ON for pediatricians, focusing on optic neuritis.
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Congenital or acquired problems of vision are
common throughout childhood. Moreover, they
can constitute the initial or only manifestation
of a systemic disease. Therefore, evaluation of
visual acuity and visual fields must be part of
the routine pediatric examination. In infants
and toddlers, drawing the baby’s attention to
the examiner’s face or to a toy and then moving
the target slowly will allow the assessment of
visual ability, particularly if each eye is tested
separately. After age 4, visual acuity can be
screened with standard tools. Visual fields of
the young child can be tested by bringing a toy
from the periphery and observing the child’s
reaction when the object enters his/her visual
field. A relative afferent pupillary defect is an
important sign for optic neuropathy.

Detailed examination of the fundus, performed
by an ophthalmologist, gives significant clues
for differential diagnosis between retinal
causes of vision loss and optic neuropathy
(ON), also between subgroups of ON. Disc
swelling with hemorrhages may point to
ischemic or inflammatory disease, whereas
peripapillary retinal telangiectasia suggests
Leber hereditary ON.!? The disc may appear
normal in retrobulbar ON. In these cases,
a contrast enhanced magnetic resonance
imaging (MRI) of both orbita and brain should
be performed.® Optical coherence tomography

to document peripapillary nerve fiber layer
thickness and visual evoked potentials to
measure optic pathways’ conduction are other
useful tests.

Impairment of vision due to disturbance of the
optic nerve is defined as ON. While this term is
often used interchangeably with optic neuritis,
the latter should be confined to infectious,
postinfectious or inflammatory conditions.
ON in childhood results from various causes
which will be reviewed below with emphasis
on the largest etiological group, inflammatory
ON, or optic neuritis (Table I).

Ischemic Optic Neuropathies

Insufficient blood supply to the optic nerve
causes ischemic ON. Although rare in children,
it is reported as a complication of chronic
peritoneal dialysis, major cardiovascular or
spinal surgical interventions, or drugs (e.g.,
sildenafil given for heart disease).** More local
vascular causes like Takayasu arteritis, Churg-
Strauss syndrome, and sickle cell disease are
other possible underlying disorders.®” The
classical finding, altitudinal visual field defect,
is seldom described by children. There is no
specific treatment for ischemic ON. Case
reports show poor visual outcome in children.?
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Table I. Etiology of Optic Neuropaties in Children.

Etiological Groups

Ischemic
Metabolic
» Toxic
e Nutritional
Hereditary
* Leber hereditary optic neuropathy
e Dominant optic atrophy
Traumatic
Inflammatory
1- Infectious and parainfectious
2- Demyelinating
* Isolated optic neuropathy

* Chronic relapsing inflammatory optic neuropathy

* Neuromyelitis optica-asssociated
* Associated with multiple sclerosis

* Associated with acute disseminated encephalomyelitis

Metabolic Optic Neuropathies

Toxic agents and nutritional deficiencies can
cause metabolic ON by disrupting pathways
of energy production or oxidative stress
regulation. Main causes of nutritional-
metabolic ON in childhood are deficiencies of
vitamins A, B12 and the biotinidase enzyme.
Toxic ON is caused by agents like linezolid,
ethambutol, or amiodarone.®!! Treatment
relies on replacing the specific nutrient and
eliminating the toxic agent whenever possible.
Factors affecting the prognosis are the visual
acuity at initial examination and the delay
before diagnosis and intervention.

Hereditary Optic Neuropathies

Leber hereditary ON (LHON) is a
mitochondrial disorder that can cause bilateral,
severe visual impairment. Young children and
adults, predominantly males, are affected.
Mitochondrial DNA mutations at nucleotide
position 11778, 3460, 14484 are the most
common mutations; their combined prevalence
was found as 1/45000 in Europe.'? Typically,
subacute painless visual loss begins in one
eye and the other eye is affected over weeks
to months.’* Severe and permanent visual
impairment, such as a visual acuity of 20/200
or worse, can develop in many patients during
the course of LHON.! Idebenone, a synthetic
analog of ubiquinone, is recommended in early
stages of the disease.!®

Dominant optic atrophy (DOA) is another
inherited bilateral ON starting in the first
two decades and progressing throughout
adulthood. Its prevalence ranges between
1/1.200-1.50.000."¢ It is caused by
mutations in the OPA1 gene which encodes
a mitochondrial enzyme. Patients suffer from
slowly progressive visual loss, but final visual
acuity usually remains better than 20/200 in
both eyes. Some patients also show extraocular
manifestations of mitochondrial disease.
Given the absence of any proven treatment,
idebenone may be considered.'”

Traumatic Optic Neuropathies

Traumatic ON is a rare cause of vision loss that
results from direct, or more frequently, indirect
injury to the optic nerve, which is observed
among 2.5-12.2% of head and face trauma
cases.'® Its annual incidence in the pediatric
age group is around 1/1.000.000 with a male
predominance. Treatment with steroids and
surgical decompression of the optic nerve have
been tried alone or in combination, with no
proven efficacy. Final visual acuity varies and
is influenced mainly by visual acuity at initial
examination after the trauma.

Inflammatory Optic Neuropathies

The term “optic neuritis” is widely used for
this group which can manifest as part of a
systemic inflammatory disease or as a separate
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entity. Isolated bilateral optic neuritis in
childhood should be considered as a central
nervous system disease. Infection-related and
demyelinating ON are also included in this
category because demyelination is usually
accompanied by inflammation in childhood, as
supported by steroid responsiveness.

Clinical findings are acute/subacute visual
impairment, periocular pain, and swelling
of the optic disc, usually bilateral in young
children. Underlying disorders are various and
visual recovery is favorable in the pediatric
population.?0!

1- Infectious and Parainfectious Optic

Neuropathies

This group constitutes the most common
causes of visual impairment in the pediatric
age group. It can occur as a single episode or
as recurrent attacks, both either isolated or
associated with other systemic diseases. It can
be part of infectious diseases via direct invasion
or secondary inflammation in viral infections
such as Epstein-Barr, cytomegalovirus,
rubella, human immunodeficiency virus
(HIV), varicella; bacterial ones by Mycoplasma
pneumonia, Coxiella burnetii, Borrelia burgdorferi,
Brucella species, Treponema pallidum, or Toxocara
species.?>?®> A global health problem,
tuberculosis, may also cause ON, with or
without concomitant meningitis.?

Infections with enterovirus, mumps, rubella
or simple upper respiratory tract viruses,
and vaccination with hepatitis B, influenza,
measles-mumps-rubella, tetanus vaccines may
cause post-infectious and post-immunisation
ON via inflammatory mechanisms.?”3!

2- Demyelinating ON:

Inflammation leading to demyelination in the
optic nerve may present as isolated ON or as
part of demyelinating disorders as described
below.*?33 Inflammatory demyelination of the
central nervous system may be associated
with serum IgG antibodies against myelin
oligodendrocyte glycoprotein (MOG-IgG),
and this antibody has become a biomarker
describing a subgroup with favorable outcome
in children. A retrospective study of 14
children with optic neuritis followed up for
mean 6 years resulted in final diagnoses of
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isolated optic neuritis in 8 (57%), recurrent
optic neuritis in 2 (14%), multiple sclerosis
(MS) in 2 (14%), Sjogren’s syndrome in 1 (7%)
and neuromyelitis optica in 1 (7%).** Another
recent large series of children with isolated
optic neuritis followed-up for median 4 years
revealed diagnoses of MS in 145 (40.6%),
single isolated optic neuritis in 167 (46.7%),
recurrent isolated optic neuritis in 40 (11.2%)
and neuromyelitis optica in 5 (1.4%).%*

Neuromyelitis optica-asssociated optic
neuritis: Neuromyelitis optica is a relatively
rare disease characterized by single or
recurrent inflammatory attacks involving
optic nerves and spinal cord. Autoantibodies
against the water channel aquaporin-4
(AQP4) play a role in the pathogenesis.***’
The term “neuromyelitis optica spectrum
disorder” adopted in recent years comprises
seronegative patients presenting with optic
neuritis, myelitis, encephalopathy or brain
stem symptoms and signs.*® Prognosis is
variable and recurrences are expected.’’

Optic neuritis associated with multiple
sclerosis (MS): The diagnosis of MS is based
on both clinical and radiological features that
were recently revised in children.’® Optic
neuritis may be the first clinical presentation
in MS or may be seen during the relapsing-
remitting course of MS. The visual prognosis
is favorable except in one recent series where
vision loss was found to be more frequent in
MS compared to other causes of ON.#4!

Optic  neuritis associated with acute
disseminated encephalomyelitis (ADEM):
ADEM, an inflammatory demyelinating

syndrome with multiple neurologic symptoms
and typical MRI findings, is more common
than MS in children.?*#? Unilateral or bilateral
optic neuritis can be part of, and even the only
clinical manifestation of, ADEM. The visual
outcome is favorable.?42

Chronic relapsing inflammatory ON (CRION):
First described in 2003, this group became
smaller after the description of AQP4-Ab and
MOG IgG-positive groups. Its characteristic
features are unilateral or bilateral painful
ON that relapses upon withdrawal of steroid
treatment.*** Young adults (youngest age: 14
years) and females are predominantly affected.
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The incidence is unknown, and the diagnosis
is clinical as there is no serological biomarker.
Cranial and spinal imaging is normal, ruling
MS and neuromyelitis optica spectrum
disorder out.

Treatment Options for ON
Acute period

Whether isolated or part of neurological or
systemic disease, ON needs prompt attention
because of the importance of the visual function
and the risk of rapid atrophy of the edematous
optic nerve compressed in the optic canal.
Treatment targets the etiologic factors. Toxic
and metabolic conditions are to be corrected
rapidly. In LHON, mitochondrial toxins should
be avoided; idebenone is being used despite
the absence of clear evidence. No effective
treatment exists for traumatic and ischemic
ON, although steroids have been administered
in anecdotal reports. Inflammatory ON, the
largest group in children, usually benefits from
steroid and immunomodulatory treatment as
described below.

Corticosteroids

The Optic Neuritis Treatment Trial has
been one of the most important studies
that focused on usage of steroids. It showed
intravenous methylprednisolone (1 gr/day for
3 days) followed by short-term low-dose oral
prednisolone accelerates visual recovery. It
may also decrease the risk of being diagnosed
with MS in two years’ follow-up.**¢ Although
no pediatric guidelines have been published
yet, intravenous methylprednisolone (30 mg/
kg/day; maximum 1 g/day) for 3 to 5 days
followed by 1 mg/kg/day oral steroid tapered
over in 1-1.5 months constitutes the generally
preferred treatment in children.*’ In a recent
Cochrane review, no effect of corticosteroid
treatment was reported on final visual acuity
in optic neuritis.*

Intravenous immunoglobulin

Intravenous immunoglobulin (IVIg) may
possess a protective effect on neurons. Its
administration in steroid-refractory ON cases
is being debated, as publications exist both
favoring or opposing its effect on visual acuity
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and preventing relapses in ON.#74%0 Part of the
discrepancy may result from different timing,
dosing or assessment, and also from the
underlying etiology and risk factors. Although
not subjected to randomized controlled trials
in pediatric optic neuritis, IVIg may also be an
option as second-line treatment (400 mg/kg/
day for 5 days for single or repeated rounds)
in children.

Plasmapheresis

Therapeutic plasma exchange or
immunoadsorption are other possible second-
line options to modify the immune system
via removal of pathogenic antibodies in optic
neuritis. The effect of plasmapheresis in central
nervous system inflammatory demyelinating
diseases, especially in steroid-resistant MS in
adults, is well known. Though those studies
examine MS, ADEM and neuromyelitis optica
spectrum disorder but not isolated optic
neuritis, and pediatric studies are scarce,
plasmapheresis should be considered in cases
with persistent severe visual impairment after
corticosteroid therapy.*'®?> A recent study
showed a positive effect of plasma exchange
on visual recovery in 34 adults with isolated
idiopathic optic neuritis.*

New Treatments

Neuroprotective agents like erythropoietin,
phenytoin, or amiloride, and remyelinating
ones like an antibody against leucine-
rich repeat and immunoglobulin domain-
containing protein (LINGO-1) are explored as
therapeutic options.5*>°

Optic neuritis in childhood is primarily
a systemic pediatric problem. Etiological
approach to the history, physical examination,
neurological  findings and  paraclinical
investigations are within the responsibility
of the pediatrician who also conducts
the treatment and follow-up with the
ophthalmologist.
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