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There is no consensus regarding the classification of optic neuritis, and precise diagnostic criteria are not available. 
This reality means that the diagnosis of disorders that have optic neuritis as the first manifestation can be challenging.  
Accurate diagnosis of optic neuritis at presentation can facilitate the timely treatment of individuals with multiple 
sclerosis, neuromyelitis optica spectrum disorder, or myelin oligodendrocyte glycoprotein antibody-associated 
disease. Epidemiological data show that, cumulatively, optic neuritis is most frequently caused by many conditions 
other than multiple sclerosis. Worldwide, the cause and management of optic neuritis varies with geographical 
location, treatment availability, and ethnic background. We have developed diagnostic criteria for optic neuritis and a 
classification of optic neuritis subgroups. Our diagnostic criteria are based on clinical features that permit a diagnosis 
of possible optic neuritis; further paraclinical tests, utilising brain, orbital, and retinal imaging, together with antibody 
and other protein biomarker data, can lead to a diagnosis of definite optic neuritis. Paraclinical tests can also be 
applied retrospectively on stored samples and historical brain or retinal scans, which will be useful for future 
validation studies. Our criteria have the potential to reduce the risk of misdiagnosis, provide information on optic 
neuritis disease course that can guide future treatment trial design, and enable physicians to judge the likelihood of a 
need for long-term pharmacological management, which might differ according to optic neuritis subgroups.

Introduction 
New diagnostic criteria and a new classification of optic 
neuritis are required. The need has arisen as a result of 
several advances: (1) the precision of autoantibody-
related diagnosis has increased;1–3 (2) epidemiological 
data have confirmed that optic neuritis is associated 
with more disorders and that the prevalence of optic 
neuritis subgroups is geographically more hetero-
geneous than was previously thought;4,5 (3) the accuracy 
of neuro imaging to identify optic neuritis subgroups 
has improved;6,7 (4) the value of retinal optical coherence 
tomography (OCT) for diagnosis and monitoring has 
become apparent;8,9 and (5) more treatment options 
have become available for patients with optic 
neuritis.10–15 

Despite the improved diagnostic potential, 35 of 
38 studies of OCT in patients with optic neuritis 
included in a 2017 meta-analysis did not use peer-
reviewed diagnostic criteria for optic neuritis.8 Further-
more, in a clinic-based study, 73 of 122 (60%) individuals 
thought to have optic neuritis did not have optic 
neuritis,16 a result flagged as alarming.17 Many other 
causes of monocular visual loss can mimic optic 
neuritis,16,18,19 and the consequences of wrong or delayed 
treatment can be catastrophic for visual outcome.20 
So-called red flags identifying individuals at risk for 

relapsing or progressive visual loss have been described, 
but not yet included in a systematic classification.18,19

On a clinical level, there are many reasons why a 
diagnosis should be made as early as possible.21,22 The 
greatest challenge is to promptly identify optic neuritis 
subtypes that are due to seropositive autoimmune 
disease or that are likely to show corticosteroid 
dependence.23,24

To address the need for new diagnostic criteria, a 
panel of 101 international experts consisting of neuro-
logists, ophthalmologists, neuro-ophthalmolo gists, and 
neuro  radio logists convened electro nically between 
April 20, 2018, and March 31, 2021 (appendix p 9). We 
used a validated Delphi process-based approach 
(appendix pp 8, 32–33) to develop criteria for diagnosis 
(panel 1) and classification of optic neuritis (figure). 
Our classification scheme has three levels. Level 1 
comprises whether the diagnosis is likely to be relapsing 
or monophasic. Level 2 comprises classification of 
autoimmune optic neuritis subtypes that are likely to be 
relapsing and a list of conditions associated with a likely 
monophasic disease course. Level 3 comprises rarer 
subtypes of optic neuritis recognised by individual 
experts, but for which consensus was not reached. Our 
diagnostic criteria and classification will be subject to 
regular review, which will take into account the different 
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disorders associated with optic neuritis across medical 
specialities5 and in multiethnic populations worldwide.

Here, we first define the terminology we have used 
(panel 2). Next, we summarise the pertinent clinical 
findings for making a diagnosis of optic neuritis and 
classification as either relapsing or monophasic (level 1). 
Making the diagnosis is followed by the further 
subclassification of optic neuritis, for which we present 
an in-depth description of the subgroup consensus 
classification (level 2). We summarise evidence used to 
distinguish between the level 2 classifications of optic 
neuritis structured by anatomy, biomarkers, disease 
course, and imaging. We will critically appraise the role 
of additional paraclinical tests. For a future revision of 
the classification, a complete list of optic neuritis 
subgroups only reaching level 3 will be given in the 
appendix. Finally, we present treatment options and 
provide advice on the design of future treatment trials.

Diagnosis 
Symptoms and signs of optic neuritis can either be 
present or no longer present, depending on how long 

after symptom onset a patient is seen in the clinic. 
Clinical presentation can differ if patients are seen in 
the acute phase (<7 days from symptom onset), sub-
acute phase (1 week to 3 months), or  chronic phase 
(>3 months), or with a first attack or recurrent attack 
(panel 3).19,23,24 Spontaneous, recurrent attacks need to be 
distinguished from attacks occurring on withdrawal of 
immunosuppression.20 The clinical features of optic 
neuritis can be further affected by the patient’s 
individual characteristics,4 including ethnic background, 
geographical location, age, and sex.1,4,20

Clinicians should ask for other information from the 
patient’s medical or family history regarding, for 
example, cancer, autoimmune disease, infection, 
vascular disease, and inherited conditions (panel 3).18,20 
These details are relevant to make treatment decisions 
and provide prognostic information to the patient. 
Against this background, symptoms and signs observed 
need to be matched with the natural history of optic 
neuritis.24 Any mismatch of what is expected from the 
natural disease course needs to be explained or will 
require additional investigations to allow clinicians to 
detect features that have been described as red flags for 
an alternative diagnosis or for urgent treatment.18,19 The 
timely recognition of features suggestive of red flags 
can also help to distinguish subgroups of optic neuritis, 
have been updated from previous reviews on optic 
neuritis (panel 3).1,18,19,28

The extent and pattern of acquired dyschromatopsia 
helps to separate optic neuritis (which is characterised 
by acquired impairment of colour vision) from typical 
retinal pathology (generally associated with preserved 
colour vision or a hereditary deficit).18,19,24 For the same 
reason, loss of low-contrast visual acuity is more severe  
in optic neuritis than is loss of high contrast visual 
acuity, explaining why there is so frequently a central 
scotoma in optic neuritis. Depending on the site of 
inflammation, however, any type of visual field defect 
can be observed in acute optic neuritis.24,29 Presumably 
due to vulnerability of the intrinsically photosensitive 
retinal ganglion cell pathway, the pupil light reflex is 
frequently affected (relative afferent pupillary deficit). 
However, in the clinic this deficit of the pupil light 
reflex is easily demonstrable only if unilateral or very 
asymmetric between the two eyes.24 A small proportion 
of patients also report positive symptoms (photopsia) 
such as flashes of lights, geometric patterns, or 
shimmering edges or borders around such patterns or 
scotomas. The presence of positive symptoms is more 
common in retinal dysfunction than in optic nerve 
dysfunction, but can result from ephaptic transmission 
between optic nerve axons.18,19,23,24

Taken together, these clinical points are required to 
make a diagnosis of possible optic neuritis, prepare the 
ground for a diagnosis of definite optic neuritis, or 
identify patients who do not have optic neuritis 
(figure A; panel 1).  

Panel 1: Diagnostic criteria for optic neuritis

Clinical criteria
• A: Monocular, subacute loss of vision associated with orbital pain worsening on 

eye movements, reduced contrast and colour vision, and relative afferent pupillary 
deficit

• B: Painless with all other features of (A). 
• C: Binocular loss of vision with all features of (A) or (B). 

Paraclinical criteria
• OCT: Corresponding optic disc swelling acutely or an inter-eye difference in the 

mGCIPL of >4% or >4 μm or in the pRNFL of >5% or >5 μm within 3 months after 
onset. 

• MRI: Contrast enhancement of the symptomatic optic nerve and sheaths acutely or an 
intrinsic signal (looking brighter) increase within 3 months.

• Biomarker: AQP4, MOG, or CRMP5 antibody seropositive, or intrathecal CSF IgG 
(oligoclonal bands).

Application of the clinical and paraclinical criteria
Definite optic neuritis
• (A) and one paraclinical test
• (B) and two paraclinical tests of different modality
• (C) and two different paraclinical tests of which one is MRI

Possible optic neuritis
• (A), (B), or (C) if seen acutely but in absence of paraclinical tests, with fundus 

examination typical for optic neuritis and consistent with the natural history during 
follow-up

• Positive paraclinical test or tests, with a medical history suggestive of optic neuritis

Clinical and paraclinical information is combined to reach a diagnosis of either definite or possible optic neuritis. In the absence of 
para clinical tests, a diagnosis of possible optic neuritis can be made on clear clinical grounds (A) alone. To make a diagnosis of definite 
optic neuritis, supporting evidence from at least one paraclinical test is required. For clinically more ambiguous pre sen tations (B and 
C) more evidence is required from paraclinical tests of complementary modality. The interpretation of OCT and MRI findings is differ-
ent in the acute compared with the chronic (≥3 months) phase of optic neuritis. AQP4=aquaporin 4. CRMP5=collapsin response me-
diator protein 5. mGCIPL=macular ganglion cell inner plexiform layer. MOG=myelin oligodendrocyte glycoprotein. OCT=optical 
coherence tomography. pRNFL=peripapillary retinal nerve fibre layer. RAPD=relative afferent pupillary deficit.
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Classification level 1
More than 60 disorders can be the subsequent diagnosis 
after an initial episode of optic neuritis or can cause 
optic neuritis at any time during the disorder.28 Infections 
can involve the optic nerve directly, and infections or 
vaccinations can also trigger post-infectious or post-
vaccination optic neuritis.16,18,19 Typically, the disease 
course is monophasic in all optic neuritis that is not 
autoimmune in origin. The clinical decision for long-
term pharmacological management depends on the 
likely disease course.10,13–15

Relapsing optic neuritis that is of autoimmune cause 
will require long-term immunomodulation or 
suppression. By contrast, post-infectious or post-
vaccination optic neuritis, or optic neuritis caused by 
other systemic diseases, is monophasic and does not 
require long-term immuno suppression. Therefore, the 
top-level classification of optic neuritis dichotomises to 
these two categories (relapsing and monophasic), with 
95% (93 of 98 experts) consensus (figure B), although 
we acknowledge that there might be a small degree of 
overlap between a monophasic and relapsing disease 
course. For example, the forme fruste of optic neuritis 
associated with multiple sclerosis, myelin oligo-
dendrocyte glycoprotein, and neuromyelitis optica 
remains monophasic. Likewise, there are individuals 
with optic neuritis associated with acute demyelinating 
encephalomyelitis (ADEM) who experience future 
relapses

Classification level 2
The level 2 classification (figure B) concerns optic 
neuritis subtypes for which evidence on the clinical 
features or paraclinical test results was sufficient for 
the panel to consider them distinct. We accept that 
there might be other optic neuritis subtypes, reviewed 
elsewhere, which are currently regarded as level 3 but 
that might reach level 2 in a future revision of our 
classification.21

The level 2 classification had to combine the following 
considerations: the possibility of an optic neuritis event 
occurring in the context of almost any infection or 
vaccination or a large range of systemic diseases (panel 4); 
the high likelihood of optic neuritis occurring in the 
context of multiple sclerosis,30 neuromyelitis optica 
spectrum disorder (NMOSD),31,32 or myelin oligoden-
drocyte glycoprotein (MOG) antibody-associated disease 
(MOGAD);33 and whether there is isolated pathology to 
the optic nerve at the time of presentation.28 We have 
taken all these considerations into account by combining 
an anatomical compartment model and immunological 
biomarkers with chronological clinical features, OCT 
findings, and MRI findings (panel 5).

Anatomical classification
One novel aspect of our classification is based on the 
anatomy of the optic nerve. The entire pathway of the 

relevant axons had to be considered.28 Agreement in 
favour of this compartmentalised model (appendix p 27) 
in the Delphi process was 93% (87 of 94 experts), but we 
acknowledge that the proposed compartment model will 
need to be developed further to better understand 
compartmentalised autoimmunity.

The anatomical pathway includes the non-myelinated, 
prelaminar retinal ganglion cell axons in the retina and 
optic disc, and, beyond the lamina cribosa (the barrier 

Figure: Diagnosis and classification of optic neuritis
(A) Diagnostic criteria for optic neuritis depend on clinical assessment and are supported by paraclinical tests. 
(B) Classification of optic neuritis. The level 1 classification of optic neuritis is intended to inform the general 
management with regards to whether to immunosuppress based on the likelihood of a future relapse. The level 2 
classification is aimed at readers with subspecialty interest and advises on more specific treatment options that 
might only be available in specialist centres. Finally, a large list of individual and anecdotal descriptions of optic 
neuritis is documented (level 3; appendix pp 23–25), which might have sufficient evidence and consensus to move 
to the level 2 classification in future revisions of the classification. AQP4=aquaporin 4. CRION=chronic RION. 
CRMP5=collapsin response mediator protein 5. MOG=myelin oligodendrocyte glycoprotein. MS=multiple sclerosis. 
ON=optic neuritis. RAPD=relative afferent pupillary deficit. RION=relapsing isolated optic neuritis. SION=single 
isolated optic neuritis.

Diagnosis based on clinical assessment and paraclinical tests (panel 1)

A   Diagnosis of optic neuritis

B   Classification of optic neuritis

(a) Subacute monocular loss of 
vision, dyschromatopsia, pain
worsening on eye movements,
RAPD + 1 paraclinical test

(b) Like (a) without pain + 
2 paraclinical tests

(c) Like (a) or (b) but binocular 
(RAPD unreliable) + MRI and 
another paraclinical test

(d) Clinically seen in acute 
phase, with features of (a), (b), 
or (c), with fundus examination 
consistent with optic neuritis 
classical disease course and no 
available paraclinical tests 
(e) Retrospective typical history 
+ paraclinical test(s)

(f) Loss of vision with features 
from panel 3 being present 
that suggest alternative 
pathology and paraclinical 
tests showing alternative 
pathology

Optic neuritis

Definite optic neuritis Possible optic neuritis Not optic neuritis

Autoimmune
(usually relapsing)

AQP4-ON
CRMP5-ON
MOG-ON
MS-ON
SION
RION
CRION

Infectious optic neuritis
Post-infectious optic neuritis 
Post-vaccination optic neuritis
(panel 4)

List of disorders that might in a future revision of the classification be considered to reach level 2
(appendix pp 23–25)

Systemic disorders (panel 4)

Level 2
consensus
opinion

Level 1 dichotomisation to
guide general management

Infectious or systemic 
(usually monophasic)

Level 3 expert opinion
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between the choroidal and intradural optic nerve 
compartment), the myelinated retinal ganglion cell axons 
within the retrolaminar optic nerve.8,28 Along their path, 
axons pass through immunologically adjacent compart-
ments.34–36 The proposed compartment model accom-
modates the wide clinical range from asymptomatic optic 
neuritis, through optic neuritis without disc oedema, to 
optic neuritis with severe disc oedema, and finally to the 
presence of retinal changes other than inner retinal layer 
atrophy.24,37 The model also permits for a rare presentation 
of autoimmune optic neuritis that remains monophasic, 
the forme fruste of optic neuritis (panel 2). Anteriorly, 
this model might in the future be refined to include 
subgroups of optic neuritis associated with vitritis, 
neuroretinitis, retinitis, or choroiditis.34,38 Posteriorly, the 
model can be developed to explain the differing 
susceptibility to disease from the retro-laminar intra-
orbital nerve to the optic chiasm and optic tract:21,28 hence 
the different patterns of lesion location on MRI between 

optic neuritis associated with multiple sclerosis, optic 
neuritis associated with anti-MOG antibodies, and optic 
neuritis associated with aquaporin 4 antibodies.7,39,40 The 
optic nerve has a dural sheath only intra-orbitally; intra-
cranially, the optic nerve is cisternal with a covering of pia 
only. The location of optic nerve inflammation in relation 
to the dura mater defines, anatomically, the compartments 
relevant for level 2 classification.

Whole-body compartment
The whole body is included when considering the dural, 
intradural, and extradural compartments. This choice 
was made because all these compartments can be 
affected by the list of infections and systemic diseases 
that can cause optic neuritis (panel 4).

Optic neuritis can occur at any time in the course of 
various systemic diseases (panel 4).17,28,37 Ethnic 
background is relevant because of the differences in 
incidence of systemic diseases, with sarcoidosis being 

Panel 2: Terminology 

Disease course of optic neuritis
Defined clinically as monophasic, spontaneous relapsing, immune-suppression-
dependent relapsing, or progressive.

Isolated optic neuritis
Evidence for optic neuritis with neither pathologically related lesions elsewhere in the 
brain or spinal cord, nor finding of a potentially pathogenic antibody.

Forme fruste of optic neuritis
Antibody seropositive or intrathecal IgG (CSF oligoclonal bands) in isolated monophasic 
optic neuritis. 

Compartment
An anatomically and immunologically defined space as relevant to pathogenesis of optic 
neuritis:
• dural, intradural, and extradural (whole body)
• intradural (including CSF compartment) 
• extradural and dural (includes optic nerve sheath and surrounding tissue) 
• choroidal (includes retina and uveal tract)
Antibody production can be intradural, extradural, or choroidal, and the target antigen 
can be limited to one or more compartments.

Retinal ganglion cell
The cell body of the neurons with axons that project from the retina to the brain.

Retinal nerve fibre layer
The non-myelinated axons within the retina up to the lamina cribrosa.

Lamina cribrosa
The barrier between the choroidal and intradural optic nerve compartments.

Optic nerve
The myelinated section between the lamina cribrosa and the optic chiasm (divided into 
intraorbital and intracranial regions).

Optic tract
The myelinated section between the optic chiasm and the dorsal lateral geniculate 
nucleus.

Panel 3: Signs and symptoms aiding the clinical 
classification of optic neuritis and exclusion of alternative 
pathologies

Clinical presentation*:
• Sequence of symptoms over time
• Preceding infection or vaccination
• Ethnic background or location
• Progression of pain or visual loss (>2 weeks)
• Absence of pain
• Associated epilepsy†
• Simultaneous bilateral ON
• Evidence of retinitis or retinal dysfunction from OCT or 

electrophysiology
• Presence of severe optic disc oedema
• Absence of optic disc oedema
• Unexplained optic atrophy in either eye at onset
• Fever or other systemic symptoms and signs‡
• Other focal neurological signs

Disease course§:
• Progressive loss of vision
• Progressive retinal layer atrophy for more than 12 months
• Sequential bilateral optic neuritis
• Absence of spontaneous recovery (>3 months)
• Corticosteroid dependence

Medical history:
• Medical history of cancer or diseases listed in panel 4
• Family history of a suspected hereditary optic neuropathy 
• Family history of other mitochondrial cytopathy

MOGAD=myelin oligodendrocyte glycoprotein antibody disease. NMDA=N-methyl-D-
aspartate. OCT=optical coherence tomography. ON=optic neuritis. *Clinical features 
refers to the first time that the patient is seen in the clinic. †Seizures with optic neuritis 
are reported in MOGAD25,26 or NMDA encephalitis.27 ‡Enlarged or painful lymph nodes, 
weight loss, rash, arthritis, cough, night sweats, anorexia, depression, and polymyalgia. 
§Disease course refers to what you observe at follow-up in your clinic. 
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particularly common in individuals of African Caribbean 
origin and optic neuritis associated with aquaporin 4 
antibodies being more frequent in individuals of Asian 
origin.4 The relevance of ethnic background was 
systematically addressed in a series of reports arising 
from the Global Burden of Diseases, Injuries, and Risk 
Factors Study 2015.41 A proportion of cases of optic 
neuritis are related to primary or secondary systemic 
vasculitis.5,16,28 It is necessary to differentiate primarily 
ischaemic optic neuropathy secondary to vasculitic 
vascular occlusion or thrombophilia (arterial or venous) 
from optic neuritis consistent with our diagnostic 
criteria.16,17,37,42 Chiasmal involvement is also seen with 
post-infectious chiasmitis and as a complication of 
treatment with, for example, TNFα or immune 
checkpoint inhibitors.

It is very important to recognise direct infection of the 
optic nerve and surrounding tissue to initiate appropriate 
treatment,7,17,18 including testing for disorders from 
panel 4 that are likely to be attributable to geographical 
region or travel history. The patient is at risk of 
deterioration if corticosteroids are given without 
antibiotics or antivirals in the acute phase of some of 
these conditions.

Panel 4: Infections and systemic disorders associated with 
optic neuritis

Causes of infectious and post-infectious optic neuritis
Bartonella, brucella, Chikungunya fever, cytomegalovirus, 
coronavirus, Coxiella burnetii, dengue, Epstein–Barr virus, 
echovirus, ehrlichiosis, Henoch-Schönlein purpura, hepatitis 
B and C, herpes simplex, histoplasma, HIV, human 
herpesvirus 6, hypertrophic pachymeningitis, IgG subclass 
deficiency, Inoue-Melnick virus, leprosy, Lyme disease, 
measles, mumps, Mycoplasma pneumoniae, neurotoxocarosis, 
ocular cat-scratch disease, post-vaccination optic neuritis, 
rubella, streptococcus, syphilis, tick-borne encephalitis, 
toxoplasmosis, tuberculosis, typhus, varicella zoster virus, 
West Nile virus, Whipple disease, and Zika virus.

Systemic disorders causing optic neuritis 
Allergic granulomatous angiitis, ANCA associated vasculitis, 
ankylosing spondylitis, Behçet’s disease, Churg–Strauss 
disease, Cogan syndrome, giant cell arteritis, granulomatosis 
with polyangiitis, IgG 4 disease, Kawasaki disease, 
microscopic polyangiitis, polyarteritis nodosa, primary 
antiphospholipid syndrome, rheumatic disease, sarcoidosis, 
Sjögren syndrome, systemic lupus erythomatodes, Susac 
syndrome, systemic sclerosis, Takayasu arteritis, treatment 
side-effect,* ulcerative colitis, and Wegener granulomatosis.

The differential diagnosis25 of infectious, post-infectious optic neuritis, and optic neuritis 
in systemic diseases, which includes primary, secondary, and reactive vasculitis. Bilateral, 
simultaneous post-infectious or post-vaccination optic neuritis, particularly in children, 
is frequently associated with acute demyelinating encephalomyelitis.2 ANCA=anti-
neutrophil cytoplasmic autoantibody. *Optic neuritis is a recognised treatment side-ef-
fect of TNF-α and immune checkpoint inhibitors. 

Panel 5: Subtypes of optic neuritis (level 2 classification)

ADEM-ON
Acute demyelinating encephalomyelitis associated optical
neuritis. Bilateral, simultaneous optic neuritis after an infection 
or vaccination typically, but not exclusively, in childhood.

AQP4-ON
Aquaporin 4 antibody associated optic neuritis. Diagnosis 
requires an aquaporin 4-antibody test. Isolated AQP4-ON is a 
forme fruste of the spectrum of NMOSD.

CRMP5-ON
Collapsin response mediator protein 5 associated optic neuritis. 
Diagnosis requires a CRMP5-antibody test in prelaminar optic 
neuritis.

MOG-ON
Myelin oligodendrocyte glycoprotein antibody associated
optic neuritis. Diagnosis requires a positive MOG-antibody test. 
Isolated MOG-ON is a forme fruste of MOGAD.

MS-ON
Multiple sclerosis associated optic neuritis as the first 
presentation of a clinical isolated syndrome with MRI or CSF 
findings compatible with multiple sclerosis; can also occur as a 
multiple sclerosis relapse. Isolated MS-ON is a forme fruste of 
multiple sclerosis.

SION
Single isolated optic neuritis is a single event of optic neuritis 
that is restricted to the optic nerve and is negative for known 
optic neuritis related autoantibodies.

RION
Relapsing isolated optic neuritis is a spontaneous relapse of 
optic neuritis that remains restricted to the optic nerve and is 
negative for known optic neuritis related autoantibodies.

CRION
Chronic relapsing inflammatory optic neuropathy. Diagnosis 
requires demonstration of dependence on immunosuppressive 
treatment to prevent relapses in optic neuritis. 

Prelaminar optic neuritis
The most anterior manifestation of optic neuritis, which 
involves the non-myelinated retinal axons and ganglion cell 
layer and which remains restricted to the prelaminar optic 
nerve. Acutely, the MRI of the retrobulbar optic nerve does not 
show an abnormality. Prelaminar optic neuritis is an 
anatomically based description that applies to all subforms of 
optic neuritis. 

PPON
Primary progressive optic neuritis. Diagnosis requires 
progressive atrophy or progressive visual loss, or both for 
>12 months. Diagnosis of PPON is based on time and applies to 
all subforms of ON that present with a progressive rather then 
a relapsing disease course.

Philippines—Philippine General 
Hospital, Manila, Philippines 
(F M Cruz MD); Surgery 
Department of Juiz de Fora 
Medical School, Federal 
University of Juiz de Fora, Juiz 
de Fora, Brazil 
(Prof L P Cunha PhD); 
Department of Neurology, 
University Mouloud Mammeri 
de Ttizi Ouzou, Ttizi Ouzou, 
Algeria (Prof S Daoudi MD); 
Department of Neurology, 
Hospital Foundation Adolphe 
de Rothschild, Paris, France 
(R Deschamps MD); Department 
of Neurology, Hopitaux 
Universitaires Strasbourg, 
Strasbourg, France 
(Prof J de Seze PhD); 
Department of Neurology, 
University Clinic Heidelberg, 
Heidelberg, Germany 
(Prof R Diem PhD); Department 
of Neurosurgery, Isfahan 
University of Medical Sciences, 
Isfahan, Iran 
(Prof M Etemadifar MD); 
Universidad Nacional 
Autónoma de México, Instituto 
Nacional de Neurología y 
Neurocirugía, Centro Médico 
ABC, Mexico City, Mexico 
(Prof J Flores-Rivera PhD); 
Department of 
Ophthalmology, Centro 
Hospitalar e Universitário de 
Coimbra, Coimbra, Portugal 
(P L Fonseca MD); Coimbra 
Institute for Biomedical 
Imaging and Translational 
Research (CIBIT), University of 
Coimbra, Coimbra, Portugal 
(P L Fonseca); Department of 
Clinical Medicine, University of 
Copenhagen, Copenhagen, 
Denmark 
(Prof J L Frederiksen MD); 
Department of Neurology, 
Copenhagen University 
Hospital, Copenhagen, 
Denmark (J L Frederiksen); 
Department of Neurology, 
Laboratory of 
Neuroimmunology, Stanford 
University School of Medicine, 
Palo Alto, CA, USA 
(Prof E Frohman MD, 
T Frohman PA-C); Lyon 
Neurosciences Research Center, 
Lyon I University, Lyon France 
(Prof C F Tilikete PhD); Neuro-
Ophthalmology Unit, Hospices 
Civils de Lyon, Lyon, France 
(Prof C F Tilikete); Department 
of Multiple Sclerosis 
Therapeutics, Fukushima 
Medical University School of 
Medicine, Koriyama, Japan 
(Prof K Fujihara MD); 
Department of
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Alberta, AB, Canada 
(Prof A Gálvez PhD); 
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Zagreb School of Medicine, 
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Linköping University Hospital, 
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Department of Neurology, 
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Odense University Hospital, 
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Neurology and Psychiatry for 

Children and Youth, Faculty of 
Medicine University of 

Belgrade, Belgrade, Serbia 
(Prof J Jancic PhD); Department 

of Medicine, Faculty of 
Medicine Ramathibodi

Similarly, there is a large number of potential 
differential diagnoses for post-infectious or post-
vaccination optic neuritis (panel 4).28 Post-vaccination 
optic neuritis is very rare.43 The consensus agreement 
(88 of 94, 94%) was that post-infectious or post-
vaccination optic neuritis can be diagnosed within 
28 days after the suspected trigger if other causes are 
ruled out. A special situation develops in children, in 
whom optic neuritis can be associated with features of 
ADEM.33,44 The manifestation of optic neuritis in ADEM 
is typically bilateral and severe with substantial brain 
involvement. Extending the interval in which optic 
neuritis can be considered post-vaccination or post-
infection to 3 months was supported by 38 of 94 (40%) 
experts only, but it was accepted by the panel that proof 
of causality (eg, by molecular mimicry) in specific 
instances might alter this view.

The brain compartment
We use the term brain compartment to refer to the 
intradural compartment that includes the entire CNS 
and CSF. This definition recognises that diseases such 
as ADEM, multiple sclerosis, NMOSD, and MOGAD 
can all be associated with optic neuritis. Milestone 
revisions of diagnostic criteria for multiple sclerosis 
between 1965 and 2017 showed increasing sensitivity, 
permitting earlier diagnosis and treatment of the 
disease.45–48 Importantly, multiple sclerosis can now be 
distinguished from NMOSD and MOGAD, leading to a 
separate classification of these three conditions.31,33

Long optic nerve lesions extending intracranially are 
seen in optic neuritis associated with aquaporin 4 
antibodies. Chiasmal involvement is also a feature of 
this subtype of optic neuritis, but rarely of optic neuritis 
associated with multiple sclerosis anti-MOG antibodies. 
Isolated intracranial lesions will not cause the pain 
during eye movement present typically with optic 
neuritis in the posterior orbit, but such lesions can be 
seen in all types of optic neuritis. Within the manifold 
clinical presentations of NMOSD (and to an extent 
multiple sclerosis) there are however cases that will turn 
out to be anti-MOG antibody seropositive.2,33,49,50

The clinical features of optic neuritis associated with 
anti-MOG antibodies is more variable regarding 
prognosis than either optic neuritis associated with 
multiple sclerosis or optic neuritis associated with 
aquaporin 4 antibodies. The incidence and clinical 
features vary with ethnicity, geographical location, and 
age.4,51 Patients with NMOSD or MOGAD have been 
under-represented in clinical trials of optic neuritis, 
which were hitherto dominated by patients with 
multiple sclerosis.2,4,52

The orbital compartment
The orbital compartment encompasses the extradural 
and dural space that includes the optic nerve and 
surrounding tissue. Classically, post-infectious optic 

neuritis and optic neuritis associated with multiple 
sclerosis affect the retrolaminar area. Patients have pain 
that worsens on eye movement because of the inflamed 
optic nerve within this compartment. If the inflam-
mation extends to the perineural tissues and into the 
orbital fat, then the optic neuritis can be part of an 
orbital inflammatory process. Perineural changes are a 
defining feature in optic neuritis associated with anti-
MOG antibodies clinically and on MRI.

Extrinsic inflammation (perineuritis) tends to cause 
more pain than intrinsic inflammation because of dural 
involvement. When inflammation involves the 
intracranial optic nerve, pain is unusual as the nerve has 
a pial covering only.53,54

The prelaminar compartment
The prelaminar compartment includes the retina, which 
is important because extremely anterior optic neuritis 
involves the prelaminar optic nerve and possibly the 
ganglion cell layer and retinal axons.55 Extensive 
subretinal fluid is common, possibly an exudate, giving 
rise later to the macular star, which is the hallmark of 
neuroretinitis.37,56 There is no abnormality of the 
retrobulbar optic nerve on imaging in the acute phase. 
Associated intraocular inflammation and retinal 
changes such as oedema, infiltrates, or vasculitis can be 
seen in some forms of optic neuritis.18–20,37,57

As prelaminar axons are unmyelinated, inclusion of 
this compartment highlights that not all forms of optic 
neuritis have to involve demyelination. Prelaminar, 
axonal, optic neuritis can have a different pathogenesis 
from anterior, demyelinating, optic neuritis with disc 
swelling, which can also be a consequence of impaired 
axonal transport rather than direct inflammation 
affecting the prelaminar optic disc.58

Disc swelling can also occur in association with 
vitritis.37,38 Visual function seems not to be affected in 
disc swelling secondary to vitritis; therefore, vitritis 
should probably not be considered as optic neuritis 
because there appears to be impairment of axonal 
transport but not neural function, which might be the 
case with early disc swelling due to raised intracranial 
pressure or low intraocular pressure.

Biomarker classification
There was a strong level of agreement in the panel (99%) 
that specific, validated biomarkers can be helpful for 
three key areas: the diagnostic work up, monitoring, and 
treatment. In contrast, unvalidated biomarkers were 
considered unhelpful by 97% of the experts. 

Among diagnostic tests, autoantibodies are the most 
precise biomarker.24,31,33 A challenge remains to 
understand why patients who have the monophasic, 
forme fruste (panel 2) of optic neuritis can have the 
same immunology as patients with relapsing pathology, 
which has important treatment implications because of 
the need for immunomodulatory or suppressive 
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St Vincent’s University 
Hospital, Dublin, Ireland 
(Prof C McGuigan); Centro 
Hospitalar de Vila Nova de 
Gaia/Espinho, Portugal

treatment in relapsing disease. Currently, there 
are three clinically validated and specific auto antibodies 
in optic neuritis, which bind to aquaporin 4, MOG, 
and collapsin response mediator protein 5 
(CRMP5).3,24,33,38,49,59,60

In the diagnosis of optic neuritis subgroups,28,31,33 
future research will need to focus on discovery and 
validation of diagnostic antibodies that are currently not 
validated. This should be a high priority research area 
for patients who have optic neuritis but are seronegative 
for aquaporin 4, MOG, and CRMP5.28,61 In the monitoring 
of disease activity, there is a need for biomarkers that 
indicate when autoimmunity becomes more active, 
increasing the likelihood of a clinical relapse.62,63 This 
disease activity includes the spectrum from relapsing 
isolated optic neuritis to chronic relapsing inflammatory 
optic neuropathy, the diagnosis of which presently 
depends on careful clinical monitoring.3,20 Such bio-
markers are likely to become particularly important to 
address the question of whether the disease activity has 
decreased and immune suppression can be dis-
continued. Biomarkers also have a role in optic neuritis 
treatment trials:64 they can be used at enrolment to help 
with inclusion, exclusion, and identification of likely 
treatment responders; during the trial to help with 
safety and recognition of treatment-related neurotoxicity; 
and as an outcome measure. Standardised sample 
processing and storage are strongly recommended.24,25 

Many more candidate antibodies do not yet reach the 
level of analytical and clinical validation to reach 
consensus.28,65 

Aquaporin 4 
Aquaporin 4 is a water channel present on astrocytes 
and Müller cells.66,67 The polarised cellular expression of 
aquaporin 4 in astrocytic foot processes that wrap 
around  blood vessels explains the strong association 
between aquaporin 4 seropositivity and optic neuritis.67  
Aquaporin 4-seropositive individuals have a high risk for 
recurring attacks involving the optic nerve or other 
specific CNS regions.32,68 Consequently, testing for 
aquaporin 4 is now recommended in patients with optic 
neuritis not associated with multiple sclerosis, whether 
the episode is the first or a recurrent episode.24

MOG 
Myelin is an abundant ultrastructure of the CNS.69 The 
main component of myelin is cholesterol (about 40%), 
followed by long-chain fatty acids enriched by glyco-
sphingolipids (about 20%). Only about 0·05% of myelin 
is composed of MOG (26–28 kDa). Testing for MOG is 
recommended in patients with relapsing optic neuritis 
who are seronegative for aquaporin 4 or who have peri-
neuritis visible on the MRI scan or orbital inflam mation 
on MRI at first presentation.33 If possible, we recommend 
simultaneous testing for aquaporin 4  and MOG 
autoantibodies.

CRMP5
CRMP5, also known as CV2, is a (60–66 kDa) protein 
that has a role in neuronal differentiation and axonal 
growth through interaction with microtubules.70 In the 
differentiated nervous system, CRMP5 is expressed by 
oligodendrocytes and is an important autoimmune 
target antigen.38

There are around a hundred anecdotal reports on the 
association between paraneoplastic antibodies and optic 
neuritis.28 Mostly, this association has been shown in 
individuals who were CRMP5 seropositive and had optic 
neuritis with uveitis and retinitis.28,38 In all reported cases, 
the cause was small-cell lung cancer. Other CNS 
involvement (eg, myelitis) has been reported.38 Our 
classification permits other paraneoplastic antibodies to 
be included as causes of optic neuritis; if sufficient 
evidence emerges it also permits primary involvement of 
the prelaminar, non-myelinated axons.

CSF IgG
Evidence for intrathecal IgG synthesis in a patient with 
optic neuritis who has radiological evidence for 
dissemination in space is suggestive of multiple 
sclerosis.48,71,72 Generally, presence of oligoclonal bands in 
the CSF is a sign of pathology, but not specific for multiple 
sclerosis.71

Biomarkers of progression
Progression of axonal degeneration in optic neuritis can 
be quantified in the CSF, blood, and vitreous by 
neurofilament proteins.63,73,74 Adjustment for demographic 
data is relevant and such adjustments have been validated 
for Z scores.75 There are no validated biomarkers for 
quantification of demyelination in optic neuritis, but acute 
astrocytic damage in optic neuritis associated with 
aqua porin-4 antibodies  can be measured by CSF and 
serum GFAP.61,76,77

Chronological classification 
Optic neuritis can be defined clinically as monophasic, 
spontaneous relapsing, immune-suppression-dependent 
relapsing, or progressive. It is important to distinguish 
between acute and subacute optic neuritis because of 
treatment implications.78–80

Acute optic neuritis 
Our consensus for classifying optic neuritis as acute is that 
symptoms, including prodromal pain, have been present 
for fewer than 7 days (appendix pp 27–29). The inflam-
matory process in acute optic neuritis can be intrinsic or 
extrinsic to the optic nerve.81 If eye pain is present, it is 
frequently the first symptom of optic neuritis and can 
precede visual loss. Headaches precede optic neuritis in 
about 50% of patients whose optic neuritis is associated 
with anti-MOG antibodies.82 Inflammation has an 
immediate disabling effect on axons, which is the 
foundation of early acute loss of vision that is reversible 
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with spontaneous recovery or treatment with corti-
costeroids.79,80 Permanent visual loss depends on axonal 
loss (permanent loss) or demyelination with conduction 
block, which starts in the acute phase (potential for 
recovery).

Subacute optic neuritis 
The subacute interval is between 7 days and 3 months 
after onset. The clinical assessment of patients with their 
first episode of optic neuritis is often delayed.16,20 More 
symptoms develop in the subacute interval that require 
that a careful history of symptoms is taken from the 
patient. With resolution of inflammation, the pain on eye 
movements ceases, typically within less than 2 weeks 
after onset. Conduction block and demyelination can 
persist far into the subacute phase. In most cases of  
optic neuritis associated with multiple sclerosis, the 
nadir of visual loss is reached in less than 1 month. 
During subsequent resolution of conduction block and 
demyelination, patients report a range of visual 
symptoms such as Uhthoff’s phenomenon,83,84 Pulfrich 
pheno menon,85,86 light intolerance,31 impaired dark–light 
adaptation, and visual fading (a physiological pheno-
menon that is much more prominent in patients who 
have optic neuritis than in healthy individuals).87

Relapsing optic neuritis
Optic neuritis that relapses independent of corticosteroid 
withdrawal, that is seronegative for aquaporin 4, MOG,  
and CRMP5, and that is confined to the extradural and 
dural compartment, is defined as relapsing isolated 
optic neuritis. Relapsing isolated optic neuritis 
resembles in all other respects optic neuritis associated 
with multiple sclerosis, NMOSD, or MOGAD but 
without any other features due to pathology of other 
brain and spinal cord areas associated with these 
disorders.24 With extensive follow-up, a patient with 
relapsing isolated optic neuritis can be diagnosed with 
one of these three conditions, with lesions appearing in 
the intradural compartment.

There is emerging evidence that very early treatment,  
in the acute phase of optic neuritis, is more effective than 
delayed treatment;64,78–80,88,89 such early treatment is more 
practical for a relapse than for the first episode. Relapsing 
optic neuritis can be triggered by systemic infection or 
rarely by vaccination,43 which have also been described as 
rare potential triggers of relapses in patients with 
multiple sclerosis.90,91

The term chronic relapsing inflammatory optic 
neuropathy was introduced to define patients who have 
optic neuritis when corticosteroids are withdrawn.20,57 
The published consensus advice has been to taper 
cortico steroids more slowly than in the standard 
multiple sclerosis protocols, particularly if there had 
been a previous episode with a poor visual outcome in 
the same or fellow eye or an atypical disease course 
(panel 3).20,33 Patients should be monitored carefully 

during tapering and instructed to report pain or visual 
loss immediately. 

Once the relationship between immunosuppression 
and optic neuritis relapse is established, corticosteroid 
sparing agents are indicated. Use of these agents is 
important because all damage to the optic nerve in 
complement-mediated autoimmune optic neuritis, such 
as that associated with NMOSD or MOGAD, is currently 
understood to be attack related.20,28,33,49 Clinical identi-
fication of patients who have, and prediction of those 
who will go on to develop, relapsing corticosteroid-
dependent optic neuritis is a high priority for further 
research, particularly if P4 (predictive, preventive, 
personalised, and participatory) medicine is to be 
achieved for these patients.92

Chronic optic neuritis 
It takes, on average, 3 months for an individual to recover 
from an attack of optic neuritis if they do not have 
progressive optic neuritis (panel 3).18,19 Patients seen after 
this time will have some degree of retinal nerve fibre layer 
loss in the affected eye compared with the spared eye.24

Frequently, persistent symptoms and signs, even after 
improvement of Snellen visual acuity, include poor low 
contrast visual acuity, dyschromatopsia, visual field 
changes, and a relative afferent pupillary deficit. 
However, eye pain and other transient symptoms in the 
subacute phase should have completely subsided.18,19,83 If 
still present, treatment for glare disability and Pulfrich 
phenomenon is available.85,86 Refraction should be 
optimised because low contrast acuities are strongly 
affected by poor refraction.24 The clinical work-up for late 
presenting optic neuritis for patients with optic neuritis 
who are first seen more than 3 months after symptom 
onset, is mainly to identify risk factors for a future 
relapse.24,31,33 Single isolated optic neuritis, in which there 
is no evidence of multiple sclerosis, needs to be 
distinguished from the heterogeneous group of relapsing 
and progressive optic neuritis subtypes.

Primary progressive optic neuritis 
Primary progressive optic neuritis is very rare, with only 
anecdotal observations shared by experts on our panel. 
Because the analogy to a diagnosis of primary progressive 
multiple sclerosis is now well established, this subcategory 
of optic neuritis has been included here, although we 
acknowledge that it did not reach formal consensus for 
level 2. The concept is that of an insidiously progressive 
form of optic neuritis. Primary progressive optic neuritis 
can occur in patients with secondary progressive multiple 
sclerosis but is poorly documented in the literature.93 It is 
important to test whether patients suspected to have 
primary progressive optic neuritis are seropositive for 
aquaporin 4, MOG, or CRMP5, and whether they are 
corticosteroid responsive, because untreated optic neuritis 
that is associated with NMOSD or MOGAD and chronic 
relapsing inflammatory optic neuropathy are important 
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differential diagnoses.20 There is also a need to exclude a 
genetic cause such as mutations to mitochondrial DNA, or 
the OPA1 or OPA3 genes.37 We propose that primary 
progressive optic neuritis is defined as insidious 
progression of structural measures of atrophy or visual 
loss for at least 12 months after symptom onset. 

MRI
Radiological examination can assist in the classification 
of optic neuritis subtypes. The latest radiological 
consensus recommendations for multiple sclerosis 
address the use of MRI,39 including the need for caution 
and avoidance of unnecessary imaging in childhood, 
pregnancy, and the post-partum period, as well as 
avoidance of use of contrast.

Sequences and sensitivity 
For investigation of suspected optic neuritis, the field 
strengths should be 1·5 T or greater, with an image field 
that covers the optic nerve and chiasm and with the axial 
scans being aligned to these structures. The slice 
thickness should be 2–3 mm or less without gaps, 
providing a resolution of 1 mm × 1 mm or less. It was 
recommended24,39 to use sequences such as the short tau 
inversion recovery (STIR), fat suppressed T2-weighted 
sequences, or frequency-specific selective partial inversion 
recovery.

The sensitivity of MRI to detect optic neuritis is 
20–44%, depending on the subtype of optic neuritis. 
Pioneering studies included subtypes of optic neuritis not 
recognised as such at the time.94 Later studies that 
included mostly patients with optic neuritis associated 
with multiple sclerosis reported a higher sensitivity of 
MRI than did older studies. For the intraorbital region the 
sensitivity of MRI is poorer.94–96 In acute prelaminar optic 
neuritis, the MRI of the optic nerve does not show any 
lesions. The use of three-dimensional double inversion 
recovery might increase sensitivity to 61·2–82·2%,97 but 
implementation of this sequence for optic nerve imaging 
is presently not possible with most devices.

Lesion location 
Optic nerve lesion location and length as seen on MRI 
can be helpful in diagnosis. Contrast enhancement 
around the optic nerve and of the retro-ocular orbital fat 
and longitudinal enhancement of the optic nerve sheath 
indicate perineuritis.7,53,81 Perineuritis is more frequent in 
optic neuritis in patients seropositive for anti-MOG 
antibodies or infectious optic neuritis than in other optic 
neuritis subtypes, and should prompt serological testing 
for diseases suspected from the history (panel 4), if not 
already done.33,40,81

Lesion activity 
MRI is very helpful in demonstrating acute damage 
superimposed on chronic damage, because gadolinium 
enhancement will be seen in cases with active 

inflammation on axial and coronal fat-suppressed 
T1-weighted sequences.39 MRI permits longitudinal 
quantification of progression of optic atrophy. The 
atrophy results in signal intensity increase within the 
optic nerve, due to axonal degeneration and signal 
intensity increase around the optic nerve owing to an 
enlarged CSF space.

OCT
Retinal OCT provides an accurate quantitative metric in 
optic neuritis and adds detailed qualitative information.8,55 
The earliest changes of atrophy are found in the macular 
ganglion cell inner plexiform layer (mGCIPL) because the 
axons (peripapillary retinal nerve fibre layer [pRNFL]) can 
remain swollen for several weeks after acute optic 
neuritis.98

Retinal asymmetry
In addition to monocular atrophy, other metrics of retinal 
asymmetry include the inter-eye difference for the pRNFL 
or for the mGCIPL. An inter-eye difference of more 
than 3–5% (or 3–5 µm because the standard is about 
100 µm for pRNFL) is diagnostic for unilateral optic 
neuropathy (panel 1, >4% [4 μm] for mGCIPL and >5% 
[5 μm] for pRNFL).9,99–104 The highest diagnostic specificity 
(69–97%) was found for the inter-eye difference for the 
macular inner plexiform and ganglion cell layers, with 
corresponding sensitivity levels of 61–100%.9,99,100,104

Pattern recognition 
Microcystic macular oedema is more frequent within 
patients who have optic neuritis associated with 
aquaporin-4 antibodies or severe single isolated optic 
neuritis than in patients with optic neuritis associated 
with multiple sclerosis.97,105–108 The association of micro-
cystic macular oedema with severe atrophy of the caeco-
central projection, also called the papillomacular bundle, 
raises the possibility of the future value of this finding in 
the differential diagnosis of bilateral severe loss between 
optic neuritis associated with antibodies to MOG or 
aquaporin 4, NMOSD, hereditary optic neuropathies, and 
severe nutritional toxic optic neuropathy.24,28,109–111  Nasal 
pRNFL atrophy is more frequent in optic neuritis 
associated with anti-MOG antibodies than in optic 
neuritis associated with multiple sclerosis, where 
temporal pRNFL dominates. Sectoral atrophy of the 
peripapillary retinal nerve fibre layer elsewhere at the 
optic disc alerts to other differential diagnoses, such as 
ischaemic damage.112 

Diffuse atrophy of the RNFL and mGCIPL in the range 
of about 10–20 µm is common, with pathology directly 
involving the optic nerve, whereas an atrophy of about 
2–10 µm can be the result of retrograde-trans-synaptic 
axonal degeneration from brain pathology.8,55,113

The use of OCT is exceptionally suitable for analysis of 
big data.104 Large-scale, population-based OCT studies 
now exist in many countries, with a recent linkage 
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study encompassing 6 261 931 retinal images.114 Many 
optometrists in high-income countries now have an OCT 
device permitting retinal imaging to be scaled up to be 
used at the population level for research purposes. 
Existing databases will be useful for validating and 
further refining our diagnostic criteria.104,111,114 We 
recommend that OCT assessment of individuals 
suspected of having optic neuritis includes images from 
the optic disc and the macula.24 Quality control of 
individual B-scans is advised.115 Reporting of results from 
OCT studies using big data should be compliant with 
existing guidelines.116

Electrodiagnostic investigations
The electroretinogram or pattern-electroretinogram can 
be helpful in the diagnostic work-up of prelaminar optic 
neuritis, or if an occult form of maculopathy is suspected. 
Visual evoked potentials (VEPs) have also been used but 
should not be interpreted without additional pattern or 
multifocal electroretinogram recordings, because the 
VEP is driven by the central macular responses. VEPs 
have a role in clinical trials assessing optic nerve 
remyelination.117 In contemporary clinical practice, wide 
experience with VEPs has declined (appendix p 26). In 
the acute situation, VEPs are less useful than at follow-up, 
when they help with the differential diagnosis of complex 
cases, including patients with functional visual loss.16,24

Treatment 
The level 2 classification of optic neuritis subtypes relies, 
in part, on monitoring the treatment response to 
corticosteroids. The panel was divided on the need for 
immunosuppression in patients in whom the risk for 
future relapse was difficult to predict. However, such 
prognostic information is important for three reasons: 
(1) health-care system sustainability, given that some of 
these treatments are very expensive; (2) highlighting the 
need for biomarkers and genetic profiling, which can 
help with accurate prediction of the risk of future relapse 
(appendix p 33); and (3) treatment trial design, to avoid 
regression to the mean in individuals who have a good 
prognosis either because of monophasic or non-
progressive illness. 

How to decide who to treat
In the literature and from our personal experience, there 
is no consensus on the use of corticosteroids in optic 
neuritis. The prolonged use of corticosteroids is generally 
not recommended in children. A prolonged course of 
treatment will require careful weighing of the risks and 
benefits on an individual basis. For an acute attack of 
optic neuritis, high-dose corticosteroids are given either 
intravenously or orally, the bioequivalent of 1 g methyl-
prednisolone intravenously or the bioequivalent of 1·25 g 
prednisone per day.117 The intravenous treatment dose 
varied between centres with members on our panel, 
from 0·5 to 1·0 g methylprednisolone. The treatment 

duration also ranges between centres from 3 to 5 days, 
but can occasionally be up to 10 days in severe cases. The 
clinical experience with chronic relapsing inflammatory 
optic neuropathy, and subsequently optic neuritis  
associated with antibodies to aquaporin 4 or MOG, 
makes a case for high-dose methylprednisolone to be 
followed by a slow oral taper with prednisolone at a 
starting dose of around 1 mg/kg.20,33 There is no consensus 
on how long this oral taper should be.33 New trials are 
needed to investigate how quickly treatment should be 
initiated;64 hyperacute treatment might improve outcome 
compared with delayed treatment.64,78–80,88,89,119 Plasma 
exchange can also be administered in severe refractory 
cases.20,89

Who needs long-term immunosuppression? 
Individuals who have relapses after reduction of 
corticosteroids need immunosuppression (56 of 58, 
97% expert agreement, but poor expert response rate, 
appendix p 16). Five novel biologicical agents (eculizu-
mab, inebilizumab, satralizumab, tocilizumab, and 
ublituxi mab) are highly effective for the treatment of 
NMOSD.10–15 Over a dozen disease-modifying treatments 
have been approved for multiple sclerosis, but the 
efficacy for optic neuritis alone is not known.26 Other 
immuno suppressive strategies frequently used to treat 
optic neuritis associated with antibodies to MOG or 
aquaporin 4 and chronic relapsing inflam matory optic 
neuropathy are azathioprine, methotrexate, mycopheno-
late, rituximab, immuno globulin, and plasma 
exchange.20,33,89 Our Delphi process highlighted the 
challenges that the panel had regarding when to initiate 
these treatment options (appendix pp 30–31).

Conclusions and future directions 
In conclusion, this consensus paper on optic neuritis 
breaks new ground on four levels. First, it implements an 
anatomical classification by explicitly including the entire 
pathway of the retinal ganglion cell axon. This approach 
clarifies that ambiguously classified presentations, such 
as paraneoplastic syndromes in the retina, are now 
defined as prelaminar optic neuritis. Additionally, the 
anatomical grouping includes four immunologically 
overlapping compartments that will also be helpful for 
guiding future research on autoimmune causes. This 
definition acknowledges that pathology can start as a 
compartmentalised auto immune reaction but permits 
for breakthrough disease activity into another 
compartment. This distinction will be informative for 
research, for example because it separates a forme fruste 
of optic neuritis that remains compartmentalised from 
optic neuritis that breaks through to the intradural 
compartment developing to multiple sclerosis,30 
MOGAD,33 or NMOSD.31

Second, the 3-year Delphi process included clinical 
neurologists and ophthalmologists from all around the 
world as equal partners (appendix p 13). As a result, and 
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(also called ground truth in big data research).27 Future 
validation studies will need to test and further optimise 
the sensitivity and specificity of present criteria for 
different optic neuritis subgroups.

Lastly, the lack of consensus in our Delphi process 
regarding treatment options showed an area in which 
treating physicians need more information. Although 
the panel was very confident about what to do with highly 
active disease and almost equally sure what to do with a 
monophasic presentation, uncertainty remains for less 
extreme clinical presentations. In routine clinical 
practice, the less extreme cases are probably most 
common. The implications for guidance on treatment 
are relevant because of the downstream effects for health-
care system sustainability. Some treatment options are 
very expensive and pose unnecessary risks to patients 
who have very low disease activity or even a monophasic 
disease course. Future treatment trials are needed to 
address these issues. Our proposed diagnostic criteria 
and classification of optic neuritis might be helpful for 
the design of such trials.

Taken together, consensus is needed on treating optic 
neuritis, and our classification might enable recruitment 
of more homogeneous optic neuritis subgroups. These 
trials will need to accommodate regional variations in the 
access to treatment options. Discussion within the panel, 
including with paediatric experts, suggests that three age 
ranges—17 years and younger, 18–40 years, and older 
than 40 years—should be studied independently to 
capture the higher likelihood of optic neuritis associated 
with multiple sclerosis in the group aged 18–40 years as 
opposed to younger and older patients.
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