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Introduction

P. Klyscz et al.

Abstract

Objective: The first international consensus criteria for optic neuritis (ICON)
were published in 2022. We applied these criteria to a prospective, global obser-
vational study of acute optic neuritis (ON). Methods: We included 160 patients
with a first-ever acute ON suggestive of a demyelinating CNS disease from the
Acute Optic Neuritis Network (ACON). We applied the 2022 ICON to all par-
ticipants and subsequently adjusted the ICON by replacing a missing relative
afferent pupillary defect (RAPD) or dyschromatopsia if magnetic resonance
imaging pathology of the optical nerve plus optical coherence tomography
abnormalities or certain biomarkers are present. Results: According to the 2022
ICON, 80 (50%) patients were classified as definite ON, 12 (7%) patients were
classified as possible ON, and 68 (43%) as not ON (NON). The main reasons
for classification as NON were absent RAPD (52 patients, 76%) or dyschroma-
topsia (49 patients, 72%). Distribution of underlying ON etiologies was as fol-
lows: 78 (49%) patients had a single isolated ON, 41 (26%) patients were
diagnosed with multiple sclerosis, 25 (16%) patients with myelin oligodendro-
cyte glycoprotein antibody-associated disease, and 15 (9%) with neuromyelitis
optica spectrum disorder. The application of the adjusted ON criteria yielded a
higher proportion of patients classified as ON (126 patients, 79%). Interpreta-
tion: According to the 2022 ICON, almost half of the included patients in
ACON did not fulfill the requirements for classification of definite or possible
ON, particularly due to missing RAPD and dyschromatopsia. Thorough RAPD
examination and formal color vision testing are critical to the application of
the 2022 ICON.

and in appropriate settings also investigations of paraneo-
plastic causes.® Additional test includes magnetic reso-

Optic neuritis (ON) describes an inflammation of the
optic nerve that is a common manifestation of demyelin-
ating autoimmune diseases such as multiple sclerosis
(MS), aquaporin-4-IgG positive (AQP4-IgG+) and
seronegative neuromyelitis optica spectrum disorder
(NMOSD) and myelin oligodendrocyte glycoprotein
(MOG) antibody-associated diseases (MOGAD)."* World-
wide incidence of ON is between 1 and 3 per 100.000 per-
son per year.” The prevalence of various etiologies of ON
differs around the globe with a higher percentage of
antibody-mediated ON in patients of Asian or African
descent.> Furthermore, ON can be caused by other dis-
eases such as infections or systemic disorders. Therefore,
the correct diagnosis of ON is crucial for acute treatment
as well as long-term therapeutic decisions and
prognostications.”

Optic neuritis typically manifests by visual loss, dys-
chromatopsia, and visual field defects. Visual symptoms
are often preceded by ipsilateral orbital pain increasing
with eye movements.' Clinical examination usually shows
a relative afferent pupillary defect (RAPD), while fundo-
scopy might reveal an optic disc swelling.” The diagnostic
work-up in patients with suspected ON is aimed at ruling
out infectious, granulomatous, rheumatological disorders,

nance imaging (MRI) of the brain and optic nerves,
optical coherence tomography (OCT), cerebrospinal fluid
(CSF) analysis, and serum antibody testing for AQP4-IgG
and MOG-IgG and may include visually evoked
potentials.>”* Typical optic neuritis is a clinical diagnosis,
which can be made based on the medical history and
ophthalmological findings alone, especially as advanced
diagnosis tools are not equally accessible in all areas of
the world.

Prior studies reported high rates of misdiagnosis in
patients with suspected ON.’ To address this issue, the
2022 International consensus criteria for ON (ICON) by
Petzold et al, defined by a Delphi process-based
approach, were published recently.® The criteria aimed to
increase the certainty of ON diagnosis in clinical practice
and future trials by incorporating certain clinical and
paraclinical aspects. So far, the 2022 ICON was only
assessed in retrospective studies and thus lack a general
applicability. The aim of this work is to (1) prospectively
apply the 2022 ICON to all consecutive patients recruited
in the ongoing, prospective Acute Optic Neuritis Network
(ACON)'® and (2) to evaluate the performance of an
exploratory adjustment of the 2022 ICON compared to
the original criteria.
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Methods

Study population

Subjects included in ACON between August 2020 and
December 2023, in an ongoing, multicenter, prospective
observational trial, investigating the effect of time-to-
treatment in acute ON, were evaluated.

As described in detail elsewhere,'" patients are eligible
to participate in ACON if they present with a first-ever
acute ON (i.e., single isolated optic neuritis [SION], MS-
ON, NMOSD-ON, or MOGAD-ON) evaluated within
30 days of symptom onset. Optic neuritis diagnosis was
made based on best clinical practice. Exclusion criteria
comprised of preexisting demyelinating disease and any
other form of optic neuropathy (e.g., hereditary, ischemic,
infectious, granulomatous). Currently, ACON comprises
40 academic institutions and tertiary hospitals in Africa,
Asia, Australia, Europe, and the Middle East, North, and
South America. For the current analysis, patients from
the following countries were included: Argentina, Austra-
lia, Botswana, China, Colombia, Germany, Israel, Italy,
Spain, Thailand, and the USA.

Demographic data such as sex, age, ethnicity, final
diagnosis, and therapy were collected. For the current
analysis, baseline and follow-up data, if available, were
used. The diagnosis of MS was based on McDonald 2017
criteria'’, the diagnosis of NMOSD was based on the
International Panel for NMO Diagnosis (IPND) 2015
criteria,'” and diagnosis of MOGAD was done according
to the International MOGAD Panel proposed criteria'’.
Single isolated optic neuritis was defined as idiopathic
ON if they did not meet the criteria for MS, NMOSD, or
MOGAD.

The clinical evaluation consisted of medical history,
neurological assessment according to the Expanded Dis-
ability Status Scale (EDSS), RAPD testing, high-contrast
visual acuity testing, OCT, MRI, and serological analysis
if available. Imaging data analyses were reported at the
discretion of each center. Study data were stored and
managed using Research Electronic Data Capture hosted
at Charité Universititsmedizin Berlin, Germany."*

Application of the 2022 international
diagnostic criteria for ON

Each center was responsible for applying the 2022 ICON
to the clinical and paraclinical findings of their enrolled
patients in ACON.® The criteria allow a diagnosis of defi-
nite, possible, or no ON (NON) based on the following
clinical and paraclinical features.

Clinical features of the 2022 ICON consist of

Application of the 2022 ON Criteria in ACON

* A: Monocular, subacute loss of vision associated with
orbital pain worsening on eye movements, reduced
contrast and color 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 consist of

* MRI: abnormalities (i.e., contrast enhancement or
intrinsic signal increase of the affected optic nerve
acutely) of the optic nerve consistent with ON within 3
months of onset.

* OCT: optic disc swelling acutely or significant intereye
difference (defined as a macular ganglion and inner
plexiform layer (mGCIPL) of >4% or >4 pm or in the
peripapillary retinal nerve fiber layer (pRNFL) of >5%
or >5 um) within 3 months.

* Biomarker: detection of AQP4-1gG, MOG-IgG, or col-
lapsin response mediator protein 5 (CRMP5)-antibody
in serum or the presence of oligoclonal bands (OCB) in
the CSF.

Patients were classified as definite ON when

clinical features of A and one additional paraclinical test,
clinical features of B and two different paraclinical tests,
or

clinical features of C and two different paraclinical tests
of which one was an abnormal MRI were present.

According to the 2022 ICON, diagnosis of possible ON
was made when clinical characteristics of either A, B, or C
descriptions (i.e., vision loss, dyschromatopsia, and RAPD)
were present but paraclinical requirements for definite ON
were incomplete. Cases of monocular vision loss with
orbital pain, but in whom RAPD was deemed absent and in
whom dyschromatopsia was undocumented, were classified
as NON according to the 2022 ICON.

Statistical analysis

Demographic data, ON etiology, and clinical features at
disease onset were compared between subjects with differ-
ent ON classifications. For continuous variables, means
and standard deviations (SD) were reported and group
comparisons were conducted using a Kruskal-Wallis test or
independent t test. For categorical variables, absolute num-
bers and percentages were reported and comparisons were
conducted using either chi-square test (if applicable with
Yates’ continuity correction) or the Fisher’ exact test.

To ensure that the group of patients with definite ON/
probable ON was comparable with the group classified as
NON, we performed the following additional analysis for
each group:

© 2024 The Author(s). Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 2475
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1 Time from reported vision loss onset to date when
visual acuity at nadir was documented,

2 Time from initiation of acute therapy with corticoste-
roids to date on which visual acuity at nadir was tested,
and

3 Nadir visual acuity.

In patients classified as NON according to the 2022
ICON, adjusted criteria were applied and defined as fol-
lows: Patients who were initially classified as NON due to
missing RAPD and/or dyschromatopsia but had an
abnormal MRI scan consistent with acute ON as
described in the 2022 ICON definitions® and an addi-
tional positive paraclinical test were reclassified as ON.
Because a distinguishment between possible and definite
ON, in this case, is obsolete, we dichotomized the original
classification by subsuming cases with definite and possi-
ble ON for better comparison.

Statistical analyses were performed using R (version
4.2.2). The p-values of <0.05 were defined as statistically
significant.

Standard protocol approvals, registrations,
and patient consents

The institutional review board approval was obtained from
Charité—Universitatsmedizin Berlin as well as from all

Table 1. Summary of patient characteristics by ON etiologies.

P. Klyscz et al.

participating centers as part of ACON. Written informed
consent was obtained from all participants. The ACON
study is registered at clinicaltrials.gov (No. NCT05605951)
and performed in accordance with the Declaration of
Helsinki.

Results

In total, 171 patients are currently included in ACON.
Three patients were excluded due to screening failure
(two with a history of previous ON and one with retinal
sarcoidosis) and eight patients due to missing data.
Therefore, 160 patients were included in the final analysis.
Characteristics of all included patients, separated for each
diagnosis are summarized in Table 1. Among the 160
subjects, 68% were female, 68% were of white ethnicity,
and the mean age was 37 years (SD 12 years). Patients
with NMOSD-ON were older (age [mean £ SDJ:
42 + 14 years) and predominantly female (93%).

After diagnostic work-up, most patients had a SION (78,
49%), followed by MS-ON (41, 26%), MOGAD-ON (26,
16%), and NMOSD-ON (15, 9%). Most patients with
NMOSD-ON were positive for AQP4-I1gG (14/15 patients,
93%). With regards to clinical features, most patients expe-
rienced monocular vision loss with painful eye movements
(SION 74%, MS-ON 76%, NMOSD-ON 53%, and
MOGAD-ON 46%). Bilateral vision loss was most frequent

Overall SION MS-ON NMOSD-ON MOGAD-ON
N =160 N=178 N =41 N =15 N =26
Sex, female (present, n (%)) 109 (68%) 50 (64%) 28 (68%) 14 (93%) 17 (65%)
Age in years (mean, SD) 37 (12) 39 (13) 33 (8) 43 (14) 36 (10)
Ethnicity (present, n (%))
White 109 (68%) 53 (68%) 33 (80%) 5(33%) 18 (69%)
Latin 16 (10%) 9 (12%) 1(2.4%) 3 (20%) 3(12%)
Arab 11 (7%) 7 (9%) 0 (0%) 1 (7%) 3 (12%)
Asian 9 (6%) 7 (9.0%) 0 (0%) 0 (0%) 2 (8%)
Black 5 (3%) 0 (0%) 3 (7%) 2 (13%) 0 (0%)
HCVA at nadir in decimals (mean, SD) 0.35 (0.35) 0.39 (0.35) 0.50 (0.36) 0.09 (0.20) 0.16 (0.23)
Unilateral painful vision loss (present, n (%)) 109 (68%) 58 (74%) 31 (76%) 8 (53%) 12 (46%)
Unilateral painless vision loss (present, n (%)) 21 (13%) 10 (13%) 9 (22%) 0 (0%) 2 (8%)
Bilateral vision loss (present, n (%)) 30 (19%) 10 (13%) 1(2.4%) 7 (47%) 12 (46%)
Dyschromatopsia (present, n (%)) 111 (69%) 59 (76%) 25 (61%) 11 (73%) 16 (62%)
RAPD (present, n (%)) 108 (68%) 57 (73%) 26 (63%) 11 (73%) 14 (54%)
OCT abnormalities (present, n (%))? 70 (44%) 36 (46%) 17 (41%) 6 (40%) 11 (42%)
MRI abnormalities (present, n (%))? 128 (80%) 57 (73%) 32 (78%) 14 (93%) 25 (96%)
Biomarker (OCB, AQP4-, MOG-IgG) present (present, n 81 (51%) 16 (21%) 28 (68%) 14 (93%) 26 (100%)

(%))

AQP4-IgG, aquaporin-4-IgG; MOG-IgG, myelin oligodendrocyte

glycoprotein-lgG; MOGAD, myelin oligodendrocyte glycoprotein

antibody-associated disease; MRI, magnetic resonance imaging; MS, multiple sclerosis; NMOSD, neuromyelitis optica spectrum disorder; OCB,
oligoclonal bands; OCT, optical coherence tomography; ON, optic neuritis; RAPD, relative afferent pupillary defect; SD, standard deviation; SION,

single isolated optic neuritis.
@According to abnormalities described in 2022 ICON definitions.®
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in patients with NMOSD-ON (47%) and MOGAD-ON
(46%). Monocular painless vision loss was infrequent
across all etiologies (SION 13%, MS-ON 22%, MOGAD-
ON 8%, and NMOSD-ON 0%). High-contrast visual acu-
ity was more severely affected in NMOSD-ON and
MOGAD-ON (0.09 [SD 0.20] and 0.16 [SD 0.23],

Application of the 2022 ON Criteria in ACON

respectively), followed by SION (0.39 [SD 0.35]) and MS-
ON (0.50 [SD 0.36]).

The availability of diagnostic procedures for each
patient is depicted in Figure 1. Most patients received
biomarker testing (146 patients, 91%) and an MRI (124
patients, 78%). Optical coherence tomography was least

Argentina

Australia

Botswana
China
Colombia
Sermany
srael

taly

Spain

Thailand

N -

OCT MRI

Biomarker

Figure 1. Availability of OCT, MRI, and biomarker (AQP4-/MOG-IgG, OCB) testing for all patients. Each row represents an individual patient. If
any diagnostic procedure is not available, the respective tile is left blank. OCT was the least available paraclinical test in our cohort. AQP4-IgG,
aquaporin-4-lgG; MOG-IgG, myelin oligodendrocyte glycoprotein-IgG; MRI, magnetic resonance imaging; OCB, oligoclonal bands; OCT, optical

coherence tomography.
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frequently performed particularly in Argentinian centers
and available in 97 patients (61%).

After the application of the 2022 ICON, 80 (50%)
patients were classified as definite ON, 12 (8%) as possible
ON, and 68 (42%) as NON (Table 2). Seventy-three
patients (91%) classified as definite ON had gadolinium
enhancement or increased intrinsic signal of the affected
optic nerve in MRI, 49 (61%) patients tested positive for
CSF-restricted OCB, serum AQP4-1gG, or MOG-IgG, and
46 (58%) patients had an optic disc swelling or a reported
intereye difference of >4% or >4 um in the GCIPL or of
>5% or >5 um in the pRNFL (thinning or swelling),
respectively. In patients classified as possible ON according
to 2022 ICON, four patients (33%) had MRI abnormalities
of the optic nerve, four patients (33%) had OCT abnor-
malities consistent with ON, and two patients (17%) tested
positive for one of the prespecified biomarkers.

Out of 65 patients classified as NON, 47 (72%) did not
have reported dyschromatopsia and 50 (77%) did not
have a confirmed RAPD (Fig. 2). However, among the 65
NON patients, 41 (63%) had MRI abnormalities consis-
tent with ON, 28 (43%) had a positive biomarker sugges-
tive of demyelinating disease, and 15 (23%) had ON
compatible pathologies in OCT imaging (Table 2).

Patient characteristics across the entire cohort did not
differ with respect to the 2022 ICON classification results

Table 2. Characteristics of patients separated by 2022 ICON classification.

P. Klyscz et al.

(p-value for sex 0.440, p-value for ethnicity 0.421, and p-
value for ON etiologies 0.507). Moreover, the comparison
between patients classified as definite or probable ON ver-
sus those patients classified as NON according to the
2022 ICON did not yield a significant difference in (1)
the time from vision loss to visual acuity measurement
(mean in ON 6.1 days, mean in NON 7.7 days,
p = 0.473), (2) the time from initiation of corticosteroid
therapy to nadir visual acuity documentation (mean in
ON 1.1 days, mean in NON 1.9 days, p = 0.510), or (3)
the nadir high-contrast visual acuity (mean in ON 0.32,
mean in NON 0.39, p = 0.250).

The relative afferent pupillary defect was present in
73% of painful monocular ON and 81% of painless mon-
ocular ON, while in bilateral ON, only 34% had an evi-
dent RAPD (p = 0.000). Dyschromatopsia was also least
frequent in bilateral ON (60%) compared to painful
(72%) and painless (67%) unilateral ON. However, this
difference was not statistically significant (p = 0.405).
Also, paraclinical abnormalities were comparable between
ON phenotypes (p-value for abnormal OCT pathologies
0.192, p-value for abnormal MRI 0.624, p-value for bio-
marker presence 0.623).

Finally, we applied the modified criteria to the entire
cohort (Fig. 3). After dichotomization of the original
2022 ICON, 92 (58%) patients were classified as ON and

Overall N = 160 Definite ON N = 80 Possible ON N = 12 NON N = 68

Sex, female (present, n (%)) 109 (68%) 51 (64%) 8 (67%) 50 (74%)
Age in years (mean, SD) 37 (12) 7(12) 43 (13) 36 (10)
ON etiologies (present, n (%))

SION 8 (49%) 39 (49%) 9 (75%) 30 (44%)

MS-ON 1(26%) 1(26%) 1(8.3%) 19 (28%)

NMOSD-ON 15 (9.4%) 9 (11%) 1(8.3%) 5(7.4%)

MOG-ON 6 (16%) 11 (14%) 1(8.3%) 14 (21%)
Ethnicity (present, n (%))

White 109 (68%) 50 (61%) 9 (75%) 50 (74%)

Latin 6 (10%) 12 (15%) 0 (0%) 4 (6%)

Arab 1 (7%) 6 (8%) 1 (8%) 4 (6%)

Asian 9 (6%) 6 (8%) 2 (3%) 1 (8%)

Black 5 (3%) 1(1%) 0 (0%) 4 (6%)
HCVA in decimals (mean, SD) 0.35 (0.35) 0.31(0.34) 0.48 (0.40) 0. 39 (0.35)
Dyschromatopsia (present, n (%)) 111 (69%) 80 (100%) 12 (100%) (28%)
RAPD (present, n (%)) 108 (68%) 80 (100%) 12 (100%) 16 (24%)
OCT abnormalities (present, n (%))? 0 (44%) 46 (58%) 4 (33%) 20 (29%)
MRI abnormalities (present, n (%))? 128 (80%) 73 (91%) 4 (33%) 51 (75%)
Biomarker (OCB, AQP4-, MOG-IgG) (present, n (%)) 1 (51%) 49 (61%) 2 (17%) 33 (49%)

AQP4-IgG, aquaporin-4-lgG; MOG-IgG, myelin oligodendrocyte

glycoprotein-lgG; MOGAD, myelin oligodendrocyte  glycoprotein

antibody-associated disease; MS, multiple sclerosis; MRI, magnetic resonance imaging; NMOSD, neuromyelitis optica spectrum disorder; OCB, oli-
goclonal bands; OCT, optical coherence tomography; RAPD, relative afferent pupillary defect; SD, standard deviation; SION, single isolated optic

neuritis.
aAccording to abnormalities described in 2022 ICON definitions.®
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Figure 2. Bar plots showing distribution among 160 ACON patients meeting the 2022 ICON (A), the number of patients with documented
dyschromatopsia (B), and the percentage of patients in whom RAPD was documented (C). ACON, Acute Optic Neuritis Network; ICON,
international consensus criteria for optic neuritis; ON, optic neuritis; RAPD, relative afferent pupillary defect.

68 patients (42%) as NON. The adjustment of the criteria
(i-e., replacement of clinical symptoms through positive
paraclinical tests) resulted in a higher proportion of
patients classified as ON (126 patients, 79%).

Discussion

In this cross-sectional analysis of patients included in the
prospective, multicenter cohort study, ACON, we found
that only half of the subjects were classified as definite
ON according to the 2022 novel ICON. The main reasons
for not fulfilling the criteria were absent RAPD or dys-
chromatopsia on clinical examination.

Making a correct diagnosis of ON remains challenging.
Until the publication of the 2022 ICON, no definitions for
ON have been generally accepted.® So far, most clinical
characteristics as well as therapeutic strategies of ON were
derived from the North America Optic Neuritis Treatment
Trial (ONTT)'?, a landmark study from 1992 that investi-
gated the effect of corticosteroids on visual outcomes in
ON. However, the ONTT focused on unilateral ON and
was conducted before the availability of antibody testing
and OCTs. Another important aspect to consider is that
ON etiologies vary geographically. Even though ON seems
to have a higher incidence in Western countries, the pro-
portion of antibody-mediated ON is higher in African,
Asian, and Latin-American countries.*” Furthermore, non-
demyelinating ON such as systemic diseases (e.g., sarcoido-
sis) and infections (e.g., toxoplasmosis, cat-scratch disease)

must be excluded in atypical cases and considered differen-
tial diagnoses in the evaluation of all patients.'® Therefore,
the authors of the 2022 ICON had to consider multiple
aspects to assure high diagnostic accuracy and prevent
misdiagnosis. A retrospective analysis by Stunkel et al.
revealed a high proportion of misdiagnosis of ON, particu-
larly due to overreliance on a solitary medical history find-
ing or neglect of alternative diagnosis.” This might lead to
unnecessary invasive diagnostic procedures (i.e., lumbar
punctures) and inappropriate medical treatments includ-
ing immunosuppression.

The 2022 ICON focused on three core clinical charac-
teristics of ON: pain, dyschromatopsia, and RAPD.® ON-
related orbital pain with worsening eye movements is very
common in inflaimmatory demyelinating etiologies of
ON. In MS-ON and NMOSD-ON, pain is usually mild to
moderate and usually precedes visual loss."” Particularly
in MOGAD-ON, eye pain can be very severe as the peri-
neural tissue is frequently affected.'®'® The location and
severity of ON-related pain might not only depend on
the ON etiology. Epidemiological studies examining the
clinical characteristics of ON in different ethnicities
showed lower proportions of orbital pain as well as differ-
ences in localization and extent of ON in patients from
]apan.20

Dyschromatopsia is a form of impaired color vision
that may be congenital or acquired. In the 2022 ICON,
no preferential tool for dyschromatopsia testing was spec-
ified. Desaturation of the color red is frequently used as a
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Figure 3. Comparative bar plot shows that substituting clinical
symptoms with paraclinical signs of the 2022 ICON results in a higher
proportion of patients classified as ON. First, original ON criteria were
dichotomized by joining definite and possible ON. For the adjusted
criteria, all patients that were initially classified as NON (due to
missing RAPD or dyschromatopsia), were reclassified as ON if they
had MRI pathology of the affected optic nerve and were positive for
at least one additional paraclinical criteria (i.e., OCT pathology or
presence of AQP-/MOG-IgG/OCB). AQP4-IgG, aquaporin 4-gG; ICON,
international consensus criteria for optic neuritis; MOG-IgG, myelin
oligodendrocyte glycoprotein-lgG; MRI, magnetic resonance imaging;
NON, no ON; OCB, oligoclonal bands; OCT, optical coherence
tomography; ON, optic neuritis; RAPD, relative afferent pupillary
defect.

rapid substitute for established color vision tests in the
diagnostic work-up of a patient with suspected ON in an
emergency room setting.”' There does not seem to be a
difference in dyschromatopsia rates between MS-ON,
NMOSD-ON, and MOGAD-ON.?

The relative afferent pupillary defect is a clinical sign in
the affected ON eye revealed through the swinging flash-
light test demonstrated by a sluggish pupil response to
direct illumination. It represents an impairment of the
afferent limb of the pupillary reflex through affection of
the retinal ganglion cell pathway and is a sign of asym-
metric visual input from one eye, which is usually due to
an optic neuropathy but can also be caused by a retinal
process.” Symmetric bilateral ON will not have an RAPD.

So far, only a few peer-reviewed publications regarding
the retrospective application of the 2022 ICON has been
published.”” ** Terrim et al. investigated real-world data

P. Klyscz et al.

from 77 patients with an inflammatory ON of a single-
center cohort and determined how many were possible or
definite ON according to 2022 ICON. Most of the
included subjects were classified as definite ON (62%).
MS-ON and SION were the most frequent etiologies of
ON in this cohort. Similar to our cohort, the proportion
of patients with unilateral painful ON was 72.5%. Never-
theless, the analysis by Terrim et al. and our current exam-
ination can only partially be compared, as (1) they did not
include information on ON classified as NON according
to the 2022 ICON, (2) they required confirmation by MRI
of the optic nerve lesion, and (3) even ON in subjects
without RAPD have been classified as possible or definite
ON. Alvarez et al. evaluated the performance of the 2022
ICON in patients with noninflammatory optic neuropa-
thies. They found an overall excellent performance of the
2022 ICON with a misdiagnosis rate of 2%.>*

Further, a letter exchange on the 2022 ICON by Gin-
gele et al.*® pointed out that in their retrospective valida-
tion study, the RAPD was absent in 83% and
dyschromatopsia absent in 62% of the patients with
ON.” In a subsequent retrospective study of the same
group by Jendretzky et al.,, 59% of included patients did
not fulfill the 2022 ICON for definitive ON. Likewise, the
main reason for the classification of NON in this cohort
was missing RAPD (72%) or dyschromatopsia (57%).%
However, the authors did not discuss the reasons for the
high rates of missing RAPD and dyschromatopsia in their
cohort. They proposed that missing core clinical features
should also be substituted through paraclinical tests.”’

One may consider that neither the timing of screening
for these core clinical characteristics nor examination
skills were specified in the 2022 ICON. Patients present-
ing with painful vision loss are often screened by general
ophthalmologists in the setting of busy emergency depart-
ments. These patients are subsequently referred to neurol-
ogists and corticosteroid treatment may have been
initiated before extended screening for dyschromatopsia,
RAPD, and pain were obtained.

Unlike orbital pain, RAPD and color vision testing, can-
not be replaced by paraclinical tests in the 2022 ICON.
When we applied the novel diagnostic criteria to the
ACON cohort, we found that 42% did not fulfill the
requirements for classification of a definite or possible ON,
mostly due to missing RAPD or color vision impairment.
The RAPD was tested for each case, as assessment of the
2022 ICON is a part of patient screening for recruitment
to the ACON study. However, RAPD could possibly be
very subtle and difficult to detect in a patient with only
mild unilateral ON and preserved vision®® or if testing of
the RAPD is performed after significant recovery. More-
over, detection of a slight RAPD is dependent on the
examiner’s experience, an optimal setting for the clinical
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examination (i.e., a very dark room that might not be
available in the setting of an emergency room screening or
using a light source that is not bright enough), and a good
distance fixation on behalf of the patient. RAPD may not
be present in patients with previous ON of the contralat-
eral eye or in patients with bilateral ON. As we included
only patients with inaugural ON, we can mostly rule out
prior ON as a possible cause of the lack of RAPD. Addi-
tionally, in patients with bilateral asymmetric ON, observ-
ing an RAPD can be challenging in clinical routine. This
observation is supported by our data, as RAPD was least
frequently detected in patients with bilateral ON. In a ret-
rospective, longitudinal study from Finland, a similar
number of patients compared to the ACON cohort had an
RAPD (92 of 121 patients (76%)).% Generally, a missing
RAPD should raise concerns regarding the veracity of the
diagnosis of ON.”® We suggest in patients with probable
ON but questionable/no RAPD, obtaining a second RAPD
evaluation by a neuro-ophthalmologist for confirmation
would be helpful. However, if the patient has had signifi-
cant improvement prior to the RAPD evaluation, its utility
and sensitivity will be lower.

Data regarding the rates of dyschromatopsia among
patients with ON are sparse. Most epidemiological data
regarding dyschromatopsia is derived from the ONTT. In
the ONTT, ON patients with an RAPD present in the
ophthalmologic examination were included. At baseline,
93% of the included patients had impaired color vision
which persisted in 41% after 6 months.”> The ONTT
tested dyschromatopsia with validated color vision testing
procedures, including both the Farnsworth-Munsell-
100-Hue test and the Ishihara pseudoisochromatic
plates.”® Further studies in patients with chronic ON have
verified a long-term impairment of color vision and
showed an  association with retinal structural
parameters.”’ Apart from the ONTT-derived data, several
studies with small sample sizes have also verified the pres-
ence of dyschromatopsia in acute ON.*>**

We adjusted the 2022 ICON by adding the possibility
to replace RAPD and dyschromatopsia through paraclini-
cal tests consisting of MRI abnormalities of the affected
optic nerve and an additional pathological paraclinical
test of a different modality, including abnormalities in
OCT or the presence of specific biomarkers. Our goal was
to raise the precision of the novel ON criteria. Thereby,
we were able to classify patients as ON which would have
been classified as NON according to the original 2022
ICON because RAPD or dyschromatopsia was absent even
though anamnesis and paraclinical test clearly suggested
an ON diagnosis. This might offer the possibility in the
future to correctly diagnose patients with ON with only
very subtle clinical abnormalities or inconclusive RAPD
testing.

Application of the 2022 ON Criteria in ACON

Making a diagnosis of ON as early as possible is crucial
to elevate the chances of amelioration of visual
impairment.”>”® This might be particularly important in
patients with NMOSD-ON and MOGAD-ON, where
visual acuity can be severely impaired.” According to the
2022 ICON, five patients with NMOSD-ON and 14
patients with MOGAD-ON from our cohort were classi-
fied as NON. After applying the adjusted ON criteria,
only one patient with NMOSD-ON was still classified as
NON due to missing MRI enhancement of the optic
nerve. Therefore, medical personnel should be careful to
discard a possible diagnosis of ON too early based on the
2022 ICON.

The strengths of the current analysis are that we
applied the 2022 ICON to a global, multiethnic cohort,
thus representing patients from different parts of the
world. To our knowledge, this is the only prospective val-
idation of the 2022 ICON as well as presently the largest
analysis in terms of patient number.

Nevertheless, several limitations need to be discussed.
As per protocol, we included only patients with an inau-
gural ON according to local standard clinical practice.
Therefore, it was not possible to carry out a sensitivity or
specificity analysis of the 2022 ICON. Consequently, we
could not test for the positive or negative predictive
value. As no other consented diagnostic criteria for ON
have been published beforehand, we had no comparison
regarding the performance of the 2022 ICON. A relatively
high proportion of patients did not have an RAPD at pre-
sentation. We assumed this might be partially explained
by the inclusion of bilateral ON and a large number of
ON patients with only mild vision loss, in whom a subtle
RAPD can be difficult to capture. Furthermore, patients
who were diagnosed with MS-ON might have had a prior
subclinical ON in the contralateral eye, potentially mask-
ing an RAPD.”” In these cases, RAPD can be easily
missed. A large number of cases with absent dyschroma-
topsia can be attributed to missing quantitative color
vision testing in routine emergency department screening.
Most centers in ACON assessed color vision by medical
history rather than using established color vision tests
(such as Ishihara or Hardy Rand Rittler tests). Therefore,
we expect that dyschromatopsia was underdiagnosed. Fur-
ther, regarding the adjusted ICON criteria, some patients
did not receive a T1 fat-suppressed contrast-enhanced
orbital imaging sequence which might have decreased
MRI sensitivity in a very small number of patients. Last,
the presence of CRMP5 antibodies was not recorded.
CRMP5-IgG is a very rare paraneoplastic antibody that
might cause a variety of neurologic symptoms, typically
in the context of small-cell lung cancer. As we did not
include patients with cancer, and given the rapid progres-
sion of small-cell lung cancer, the likelihood of
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overlooking CRMP5-ON seems very remote indeed. In
addition, CRMP5-ON tends to cause papillitis rather than
the classic painful optic neuritis seen in inflammatory
demyelinating diseases.”

In conclusion, this is the largest prospective validation
of the 2022 ICON. We showed that the classification of
ON is highly dependent on color vision testing, and a
skilled evaluation of the relative afferent pupillary reflex.
When we amended the 2022 ICON, we could slightly
improve its performance. Therefore, we suggest a poten-
tial addendum to the 2022 ICON: patients with painful
monocular vision loss in whom RAPD or dyschromatop-
sia were not documented at presentation, be included as
ON if two additional diagnostic paraclinical criteria with
one being MRI optic nerve abnormalities® are present.
These adjustments could be discussed in future iterations
of the 2022 ICON.
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