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Abstract

Optic neuritis is the most common cause of unilateral visual loss associated
with orbital pain on ocular movements and impaired colour vision. It can present
with anterior optic neuritis, papillitis, a swollen optic disc, retrobulbar neuritis
with a normal optic disc, neuritis with oedema of the optic disc and the macular
star or anterior ischemic neuropathy. It may be the only manifestation of a dis-
ease such as demyelination or associated with systemic diseases such as systemic
lupus, giant cell arteritis, Sjogren’s syndrome, herpes simplex, herpes zoster,
Lyme disease, CMV, EBV, HIV, toxoplasmosis, West Nile virus, Chikungunya,
dengue fever, Rift Valley fever, mumps, rubella, measles, cat scratch disease, tu-
berculosis, syphilis, rickettsia illnesses, Q fever, Whipple disease, brucellosis, lep-
tospirosis, leprosy, toxocariasis, malaria, Cryptococcus, candidiasis, histoplasmo-
sis, Aspergillosis, mucormycosis, Bacillus Chalmette-Guerin (BCG) vaccination,
ethanol and methanol toxicity, sarcoidosis, neuromyelitis optica and Liber’s he-
reditary optic neuropathy. A systemic approach to the diagnosis is of paramount
importance in confirming, diagnosing and treating optic neuritis and underlying
systemic diseases to provide definitive cures. Failure to diagnose optic neuritis
and treat the cause may result in optic atrophy and permanent blindness. In
this paper, we reviewed the diagnosis and differential diagnoses of optic neu-
ritis, including arteritis, ischemic, neuroretina, and vasculitic causes.
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1. Approach to the Diagnosis and Differential Diagnosis of
Optic Neuritis and Discussion

Optic nerve examination can lead to the diagnosis of many systemic diseases and
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should be part of a routine examination even when there are no eye symptoms.
It might gives rise to the diagnoses of life-threatening diseases like malignant hyper-
tension and increases intracranial pressure due to brain tumors [1].

Examination of the optic nerve encompasses visual acuity, the field of vision,
light and accommodation reflex, and fundoscopy [2].

The components of the optic nerve include the intraocular portion (approx-
imately 2 centimeters), the intraorbital portion (20 - 30 millimeters), the intra-
canalicular portion (10 mm) where the nerve runs through the optic canal which
is firmly attached to the dura and subsequently susceptible to trauma, and the
intracranial portion (12 - 15 mm) which extends to optic chiasma where both
optic nerves join together [3].

The detailed examination of the optic nerve can exclude congenital anomalies
such as drusen, optic atrophy secondary to retinal disease, inflammation or Le-
ber’s disease, ischemic non-atretic optic neuronitis, compressive disease, infiltra-
tive optic neuritis due to malignancy, optic nerve meningioma and glioma, pa-
pilledema, ischemic optic neuropathy, Neuromyelitis Optic Spectrum Disorder
(NMOSD), Anti-Myelin Oligodendrocyte Glycoprotein (MOG) optic neuronitis,
infective optic neuronitis which (including Cat-Scratch disease, Bartonella hen-
selae, syphilis, toxoplasmosis, toxocariasis, Rocky Mountain Spotted fever, herpes
simplex, herpes zoster, Epstein Barr virus, Cytomegalovirus, Tularemia and Lyme
disease (common in the United States) [4].

Examination of the fundus is easy and most of the medical students are trained
on how to perform this examination. However, once these students start work-
ing, they often lose the skill as they carry stethoscope rather than ophthalmos-
cope unless they become a neurology or ophthalmology registrar. The swollen op-
tic nerve needs to be taken very seriously. In this article, we discuss the signific-
ance of a swollen optic disc in one or both two eyes, and also whether a swollen

disc reduces visual acuity or not [5].

2. Swollen Optic Disc with Normal Visual Acuity

2.1. Drusen

Drusen is the most common cause of unilateral optic nerve swelling with normal
vision [6]. There is a familial tendency for drusen to occur in first-degree relative
[6]. It occurs in 2.5% of the population [6]. Drusen is easily diagnosed if it has
been recognized before.

Drusen, also known as pseudo papilledema, is located at the surface of the op-
tic nerve and appears as yellow bumpy globules at the optic nerve head. Drusen
can be confirmed by imaging such as optical coherence tomography (OCT) and
optic nerve head autofluorescence [7]. Patients with Drusen do not have any pe-
ripapillary exudate or hemorrhage [7]. Imaging of the brain and orbit is impor-
tant to exclude early optic nerve sheath meningioma which can be asymptomatic
for some time [8]. Optic sheath meningioma will enhance in Magnetic Resonance

with contrast.
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If the diagnosis is confirmed, the patient should have close follow-up with a
neuro-ophthalmologist, who will decide on the time for stereotactic radiothera-
py (8] [9].

2.2. Non-Arteritic Anterior Ischemic Optic Neuropathy

Early non-arteritic anterior ischemic optic neuropathy (see Figure 1) can be ma-
nifested by a swollen optic disc with normal vision. Usually there is no relative
afferent pupillary defect. Occasionally there might be an enlarged blind spot. These
patients should be monitored by an ophthalmologist as 40% of patients will de-
velop symptomatic non-arteritic ischemic optic neuropathy [1]. The examination
of the other eye may show a small cup-to-disc ratio which is a red flag that the
patient will develop non-arteritic anterior ischemic optic neuropathy in that eye
[10]. The patient with Type 1 Diabetes Mellitus can rarely develop papillitis with

normal vision and a swollen optic disc [11] (see Figure 2).

NA-AION
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Figure 1. Non-arteritic anterior ischaemic optic neuritis.

Figure 2. Diabetic papillopathy.
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2.3. Non-Ischaemic Central Vein Occlusion

Non-ischemic central vein occlusion can present with a swollen disc and normal
vision. Fundus examination occasionally shows peripapillary hemorrhage. Few
patients develop neovascular glaucoma. These patients should have fluorescein an-
giography to rule out ischemic optic neuropathy as the prognosis and the treat-

ment is quite different [12].

2.4. Optic Nerve Neuritis vs Optic Nerve Peri-Neuritis

Orbital imaging can differentiate between optic nerve neuritis and optic nerve pe-
ri-neuritis where the optic nerve sheath, rather than the optic nerve, is swollen.
The differential diagnosis is inflammatory granulomatous diseases such as sarcoido-
sis, granulomatosis with polyangiitis and Bechet’s disease. Infective causes must
also be ruled out (see Figure 3). It is rare for the disease to affect only one eye and
cause unilateral papilledema (see Figure 4). Another sign to confirm papilledema
is an absent retinal pulsation and enlargement of the blind spot. Vision is commonly
normal except if the disease is undetected for a long period of time, and the pa-
tient develops optic atrophy (see Figure 5 and Figure 6). If choroidal neovascu-
larization develops, the patient should be examined with Fluorescein Angiogram

to rule out macular degeneration [13] [14].

Figure 3. Infectious optic neuropathies.

Figure 4. Papill oedema.
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Figure 5. Optic atrophy due to long standing papilledema.
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Figure 6. Optic atrophy due to untreated carotid AV fistula.

2.5. Unilateral Optic Disc Swelling with Decreased Visual Acuity

Optic neuritis is characterized by impaired vision, and usually affects young fe-
males. Pain with eye movement affects ten per cent of patients. These patients may
have a peripapillary hemorrhage, and an orbital MR with contrast usually shows
enhancement of the intraorbital optic nerve. The vision will improve spontaneously
in 70% of patients. Patients will have a relative afferent papillary defect and a pale
optic disc [15]. These patients should have an MRI of head and spine with gado-
linium, OCT, visual evoked response testing, CSF testing for oligoclonal bands,
and neurologist follow-up to exclude clinically isolated demyelinating disease
[16].

2.6. Non-Arteritic Ischaemic Optic Neuropathy

Non-arteritic ischemic optic neuropathy is an unusual disease which affects old-
er patients. Vision usually does not improve, and most patients have a peripapil-
lary hemorrhage. Painful eye movements occur in few patients. If the optic nerve
does not enhance with contrast, prognosis is guarded. Most patients have a small

cup-to-disc ratio in the contralateral eye. Examination of visual field usually shows
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an altitudinal defect [17].

2.7. Neuromyelitis Optica Spectrum Disorder

Every non-Caucasian patient with optic neuritis, whether the myelitis is in one
or two sides, or whether there is acute or subacute vision impairment, should be
investigated for Neuromyelitis Optica Spectrum Disorder (NMOSD (Figure 7).

NMOSD mainly affects women of child-bearing age within the posterior portion

of optic nerve, with extension to the chiasma. The current clinical guideline recom-

mends that positive serology of AQP4 IGG antibody is confirmed by cell-based
serology, and one core clinical criteria which includes:

e Longitudinal extensive transverse myelitis: which spans over three or more
contiguous vertebrae (usually cervical), with extension to the dorsal medulla,
involving central grey matter of the cord causing anterior lateral cord syn-
drome;

e Acute postrema syndrome: characterized by nausea, vomiting, and intracta-
ble hiccups due to a peri-aqueductal lesion in mid brain and dorsal medulla;

e Narcolepsy and hypersomnolence: due to diencephalic, thalamic and hypo-
thalamic involvement;

e Acute brainstem syndrome: causing facial palsy, ataxia, intractable itching,
dizziness, and even death due to acute respiratory failure caused by involve-
ment of respiratory centers. Early diagnosis is of paramount importance as
patients respond to IV methylprednisolone and if required, plasmapheresis in
severe disease. Once the disease is confirmed, patients need five years or more on
immunosuppressive medication. Medications used to maintain remission in-
clude rituximab, azathioprine and mycophenolate mofetil [16] [17] [18] [19]
[20].

2.8. Myelin Oligodendrocyte Glycoprotein (MOG) Optic Neuritis

MOG optic neuritis (Figure 8) usually affects males and females equally. It can

Figure 7. Optic neuritis due to AQP4 NMOSD.
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Figure 8. Patients with anti-MOG antibody.

present with simultaneous bilateral optic neuritis which involves the anterior

part of optic nerve. MRI with contrast commonly shows perineural enhancement

which is usually monophasic in phenotype. In contrast, NMOSD usually has a re-

lapsing-remitting course, and is less likely to be associated with immunological

disease and affect the lower part of the spinal cord and the conus. The spectrum

of the disease includes acute disseminated encephalopathy disease confirmed by se-

rological positivity for MOG [19]. CSF shows high protein with pleocytosis—

particularly monocytes, lymphocytes or neutrophils.

Other differential diagnoses to consider and rule out include:
Bechet’s disease;
Neuro-sarcoid granulomatous disease;
Systemic lupus erythematosus;
Ocular lymphoma;
Primary angiitis of the CNS;
Acute demyelinating encephalomyelitis;
Susac syndrome;
Infective ventriculitis;
Dural spinal AV fistulae;
Infarction of the anterior spinal nerve;
Diffuse glioma;
Antiphospholipid syndrome;
Clinically acute isolated demyelination syndrome;
Optica spinal multiple sclerosis;
ANCA associated vasculitis;

Large vessel vasculitis (giant cell arteritis).
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We will now discuss all differential diseases and highlight the main differen-

tiating features for confirming or refuting the diagnosis of optic neuronitis.

2.9. Neuro-Behcet Disease

A chronic relapsing inflammatory disorder of idiopathic origin, mostly present
in populations from Japan, Turkey and the Middle East. It is characterized by pain-
ful mouth, genital and eye ulceration, and a positive pathergy test. The two main
types are parenchymatous and vascular. Neuro-Bechet Disease (see Figure 9) can

cause progressive atrophy of the optic disc and severe loss of vision [17].

2.10. Neuro-Ophthalmic Sarcoid

Sarcoid disease commonly affects the lungs. The manifestation of Neuro-Opht-
halmic Sarcoid (see Figure 10) affects up to 7% of sarcoidosis patients. The optic
disc may be swollen and accompanied by exudate in the retina (sarcoid neurore-
tinitis) or develop an optic head granuloma. Other commonly affected cranial
nerves include the oculomotor and the facial nerve. Patients may develop de-
creased visual acuity and diplopia. Patients with normal vision should be inves-
tigated by OCT to exclude retrobulbar neuritis, especially if patients have pain

with eye movement. The other rare manifestation of ocular sarcoidosis is Horner

Figure 9. Optic neuritiis in Neuro-Behcets disease.

Figure 10. Optic neuritis due to sarcoid.
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syndrome. Other non-ocular signs in sarcoidosis are hypercalcemia due to ele-
vated 1-25 hydroxy-vitamin D, erythema nodosum, Lupus Pernio, macular pop-
ular lesions, pleocytosis in the CSF, and in 10%, low sugar within the CSF. A
CT-PET scan may show an area which could be a target for biopsy to confirm

non-caseating granuloma [19] [20].

2.11. Ocular Lymphoma

Ocular lymphoma is a very rare tumeur, which could be primay B cell lymphoma
or secondary to systemic lymphoma, the most common manifistation is non gra-
nulomatous anerior uveitis and vitritis where the disease is often bilateral, occulr
T cell lymphoma is very rare, Optical Cohornse Tomography (OCT) is important
tool for investigation.

Ocular lymphoma will come to the attention after failure to respond to treat-
ment, ocular lymphoma responds to steroid and causes delay in the diagnosis, if
specific investigation was not performed before commencement of steroid, op-
thalmogist should have a low threshold to involve other subspecialty like hema-
tologist and oncologist to be involved, disease should be managed by multidis-
ciplinary team [21] [28].

Demyelinating optic neuritis may occur as a paraneoplastic manifestation of
Hodgkin’s lymphoma (see Figure 11). It is usually painless and manifested by a
loss of vision. Treatment of the cancer usually leads to a cure of the optic neuritis
[21]. Non-Hodgkin Lymphoma affects the optic nerve through direct involve-
ment of the orbit, causing compression of the optic nerve. Occasionally primary

infiltration of the nerve or sheath can cause optic neuritis [21] (Figure 12).

2.12. Primary Angiitis of the CNS

Primary angiitis of the CNS is a rare vasculitic disease. It has a multifaceted set
of clinical signs and symptoms. Leptomeninges are commonly involved, and an
MRI Brain is nonspecific. Both parenchymal and vascular lesions predominantly

affect the anterior cerebral circulation. The lesions may be proximal, unilateral

Figure 11. Intralocular lymphoma.
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and multifocal. There is a good complement between MRI and MRA in the an-
terior circulation, which usually shows stenotic occlusions, a beaded appearance,
aneurysms, and eccentric vessel irregularities. Despite all imaging studies, brain
biopsy is gold standard to confirm the diagnosis CNS Angiitis [22]. All other
differential diagnoses must be ruled out before beginning treatment with stero-
ids and cyclophosphamide [22].

2.13. Acute Demyelinating Encephalomyelitis (ADEM)

ADEM is a rare neurological disease affecting children and young adolescents. It
is characterised by a polyfocal monosymptomatic course of disease. Most patients
have a history of vaccination or viral illness within the preceding one or two weeks
[23].

Initial symptoms include fever, headache, fatigue and malaise. Neurologic ma-
nifestations include optic neuritis, transverse myelitis, ataxia, cranial nerve palsy,
elevated CSF protein, pleocytosis (mainly lymphocytes and monocytes) and oli-
goclonal band usually present transiently in up to 10% of patients [23]. Some
studies reported that MOG is detected in the serum in up to 40% of the patients
[24]. Treatment is IV methylprednisolone, 1 gram per day for 5 days. Full recovery
is expected in 80% of patients. In patients who do not respond to steroids, plas-
ma exchange, or where contraindicated, intravenous immunoglobulin are other

options for treatment [24].

2.14. Susac Syndrome

Susac syndrome is a rare CD8 mediated autoimmune disease characterized by
branch retinal artery occlusion, hearing loss, encephalopathy, focal neurologic de-
fects and scotoma. It affects small vessels of the brain, retina and inner ear. Females
are more commonly affected than males with a ratio of 5:1. Susac syndrome usually
presents with a headache and systemic symptoms, and elevated protein within the
CSF. Brain biopsy usually shows micro infarct of the arteries and loss of myelin,
axons and neurons.

Important differential diagnoses include Multiple sclerosis, CN Vasculitis,
limbic encephalitis, stroke, Cogan syndrome, and CADASIL syndrome (cerebral
autosomal dominant arteriopathy with subcortical infarcts and leukoencephalo-
pathy.

Fluoresceine Angiogram is a standard investigation to confirm branch retinal
occlusion. OCT is noninvasive and can diagnose retinal vessel ischemia and op-
tic neuritis. Empirical treatment is dependent on best practice but may include
steroids, mycophenolate, rituximab, plasma exchange, tissue necrosis factor in-
hibitors and Natalizumab [25].

2.15. Infective Ventriculitis

Infective ventriculitis usually results from catheter-related coagulase negative sta-

phylococcal infection. Common gram-negative organisms are E. coli, Klebsiella,
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Pseudomonas aeruginosa. The patient is usually visually unwell. CSF culture is im-

portant to guide early treatment [26].

2.16. Spinal Dural A-V Fistulae

A spinal dural arteriovenous fistula (Figure 13) is a rare acquired vascular dis-
ease. There are few cases of reported optic nerve neuritis amongst patients with this
condition. It is often missed unless patient has associated transverse myelitis [26].
Patient may have added ocular signs such as diplopia, proptosis, epiphora and
decreased vision acuity. Symptoms increase with effort and decrease at rest due
to decreased brain perfusion due to decreased A-V gradient due to the fistula
[27] [28] [29] [30].

2.17. ANCA Associated Vasculitis

ANCA associated vasculitides that may cause optic neuritis include microscopic
polyangiitis, granulomatosis with polyangiitis and Churg-Strauss vasculitis. The
mechanism of optic neuropathy may be due to compression or vasculitis. It is likely
to be associated with active urinary sediment due to necrotizing glomeruloneph-
ritis.

Few case reports have described a group of patients with sinus and orbital
disease without glomerulonephritis. C-ANCA is positive in 90% of patient with
granulomatosis with polyangiitis without glomerulonephritis. Urine sediment is

Figure 13. Spinal dural arteriovenous fistulas
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Figure 14. Giant cell arteritis.

bland and been diagnosed as ophthalmic granulomatosis [31] [32]. P-ANCA is
positive in most patients with microscopic polyangiitis and Churg-Strauss dis-
ease.

Few studies reported an association between basement membrane disease like

Alport syndrome and optic neuritis as both diseases affect collagen fiber type IV.

2.18. Large Vessel Vasculitis (Giant Cell Arteritis)

Anterior arteritic ischemic optic neuritis due to Giant Cell Arteritis (see Figure
14) is a serious disease and ophthalmic emergency as it can cause permanent blind-
ness if immediate treatment is not started before waiting for confirmation of the
disease [31].

Common systemic symptoms are headache, fatigue, tiredness, proximal mus-
cle tenderness and weakness. Fundoscopy usually shows a pallid appearance and
bilateral disc swelling with a chalky appearance. Elevated ESR and CRP are com-
mon in 85% of patients.

Bedside ultrasound is a valuable non-invasive tool for diagnosis. The “Halo
sign”, where the cut-off values for temporal vessel are 0.3 - 1.0 and 1.0 - 2.0 for
axillary vessels, and inflammatory vessels are not compressible. Specificity is up
to 90% in the experienced technician; however, ultrasound of the extracranial
vessels is not diagnostic. Temporal artery biopsy is invasive and has a low sensi-
tivity as Giant Cell Arteritis is a patchy disease, not necessarily affecting the en-
tire vessel.

3. Conclusions

Optic neuritis is a serious disease should not be missed. It was initially thought
to be benign if it responded well to steroids. Early recognition of optic neuritis is
essential for prompt referral to an ophthalmologist. Patients with optic neuritis
may need to be treated by a multidisciplinary team including an ophthalmolo-
gist, neurologist, infectious disease specialist, oncologist, geneticist and/or im-
munologist.

Visual MRI, visual evoked response, cerebrospinal studies and optical cohe-

rence tomography have become essential tools in the investigation, timely diag-
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nosis and treatment of optic neuritis.
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