
RESEARCH ARTICLE OPEN ACCESS

Applying the Supporting Features for MOGAD 
Diagnosis to Patients With Multiple Sclerosis
Pietro Zara, 1,* Giacomo Greco, 2,* Francesco Masi, 7 Stefania Leoni, 1 Valentina Floris, 1 Sabrine Othmani, 1 

M. Margherita Sechi, 3 Sara Carta, 4 Eduardo Caverzasi, 5 Anna Pichiecchio, 5 Stefano Sotgiu, 3 Paolo Solla, 1 

Elena Colombo, 7 Rosa Cortese, 6 Sara Mariotto, 4 Matteo Gastaldi, 2,† and Elia Sechi 1,†

Neurol Neuroimmunol Neuroinflamm 2025;12:e200503. doi:10.1212/NXI.0000000000200503

Correspondence

Dr. Sechi 

eliasechi87@gmail.com

Abstract
Background and Objectives
In the 2023 diagnostic criteria, supporting clinical/MRI features are required to diagnose 
myelin oligodendrocyte glycoprotein antibody–associated disease (MOGAD) in patients at 
high risk of false MOG-IgG positivity (low/unavailable titer, cerebrospinal fluid-restricted), to 
help differentiation from multiple sclerosis (MS). However, overlap is possible and determining 
the frequency of the MOGAD supporting features at MS onset may help prevent misdiagnosis. 
We assessed the frequency of the MOGAD supporting features and potential risk of mis-
diagnosis at first attack of MS/clinically isolated syndrome (CIS).

Methods
In this observational study, we retrospectively identified consecutive patients hospitalized 
between 2021 and 2024 at 2 Italian centers, with: (1) relapsing-remitting MS/CIS, and (2) first 
attack MRI available. The frequency of the MOGAD supporting features was assessed at MS/ 
CIS presentation, and potential risk of misdiagnosis determined based on the probability of 
concurrent false MOG-IgG positivity. Other clinical-MRI features typical of MOGAD but not 
included in the 2023 diagnostic criteria were also evaluated.

Results
A total of 244 patients with MS/CIS were included (median age, 34 [range, 13–78] years; 66% 
were female). Overall, 65/244 (27%) patients with MS/CIS showed at least 1 MOGAD 
supporting feature during the presenting attack. “Central cord lesion” (27/82 [33%]) and 
“deep gray nuclei involvement” (24/86 [28%]) were more represented than other supporting 
features (0%–7%); p < 0.001. MOG-IgG was tested in 207/244 (85%) patients, showing false 
positivity in 3 (1.4%) patients. The combined probability of detecting a false MOG-IgG 
positivity and meeting 1 of the MOGAD supporting features was 0.4%. Among other typical 
MOGAD features not included in the diagnostic criteria, the following had a 0% frequency at 
MS/CIS presentation: (1) encephalopathy, (2) marked CSF pleocytosis (>50 cells/mm 3 ), (3) 
wheelchair need during myelitis, and (4) MRI T2-lesion resolution postattack.

Discussion
Although the MOGAD supporting features can be met in one-fourth of patients at MS/CIS 
presentation, the risk of misdiagnosis in similar unselected cohorts remains low. Future 
refinements of the MOGAD supporting features should take into account their relative fre-
quency in MS/CIS and possible integration with additional clinical-MRI features that are more 
specific for MOGAD.
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Introduction
Myelin oligodendrocyte glycoprotein (MOG)-IgG–associated 
disease (MOGAD) is the most recently characterized de-
myelinating disease of the CNS, distinct from multiple sclerosis 
(MS) and aquaporin-4-IgG-positive neuromyelitis optica 
spectrum disorder (NMOSD). 1

According to the diagnostic criteria published in 2023 by an 
international panel of experts, a diagnosis of MOGAD 
requires demonstration of a clear (high titer) serum posi-
tivity for MOG-IgG by cell-based assay (CBA), in patients 
with a compatible clinical-MRI phenotype (optic neuritis, 
myelitis, acute disseminated encephalomyelitis [ADEM], 
cerebral monofocal or polyfocal deficits, brainstem/ 
cerebellar syndrome, or cortical encephalitis). 2 When 
MOG-IgG positivity is less clear (low titer, titer unavail-
able, CSF-restricted), the risk of “false” or clinically irrel-
evant positive results increases. 3-6 In these patients, 
supporting features are needed to confirm the diagnosis of 
MOGAD. 2

The supporting features are clinical-MRI features commonly 
associated with MOGAD that were selected by the in-
ternational panel to help differentiate the disease from its 
mimics, primarily MS. 2,6,7 However, patients with MS or 
other demyelinating CNS disorders may sometimes show 
clinical-MRI features that overlap with those seen in 
MOGAD, potentially leading to diagnostic uncertainty and 
incorrect diagnoses. 8-11 The frequency of the MOGAD sup-
porting features in unselected cohorts of patients with MS and 
potential risk of misdiagnosis have not been specifically in-
vestigated. In this retrospective observational study, we 
assessed the frequency of the MOGAD supporting features at 
the presenting attack of MS/clinically isolated syndrome 
(CIS), and determined the potential risk of misdiagnosis 
based on the probability of concurrent false MOG-IgG pos-
itivity. We also evaluated other clinical-MRI features typical of 
MOGAD that are currently not included in the diagnostic 
criteria.

Methods
Standard Protocol Approvals, Registrations, 
and Patient Consents
The study was approved by the Institutional Review Boards of 
the University Hospital of Sassari and IRCCS Mondino 
Foundation (project code: 0020308/23). All involved 
patients consented to the use of their medical records for 
research.

Study Population
Among patients with demyelinating CNS disorders consec-
utively admitted for diagnostic evaluation between January 1, 
2021, and December 31, 2024, at the Neurology Units of the 
University Hospital of Sassari and the IRCCS Mondino 
Foundation of Pavia (Italy), we retrospectively identified 
those with (1) relapsing-remitting MS or CIS, (2) brain and/ 
or spinal cord MRI available within 6 weeks of the presenting 
disease attack, and (3) sufficient clinical information.

MS was diagnosed according to the 2017 McDonald di-
agnostic criteria. 12 CIS was defined as a presenting disease 
attack suggestive of MS with (1) at least 2 typical CNS regions 
involved on MRI (including supratentorial brain periven-
tricular or juxtacortical, infratentorial brain, and spinal cord) 
and lack of dissemination in time (e.g., a patient with myelitis, 
asymptomatic MS lesions on brain MRI, and lack of evidence 
of dissemination in time), or (2) one typical CNS region 
involved plus the optic nerve, with or without dissemination 
in time (e.g., a patient with optic neuritis and asymptomatic 
MS lesions on brain MRI, with or without evidence of dis-
semination in time). We excluded patients with (1) in-
sufficient clinical information, (2) unavailable brain and/or 
spinal cord MRI or MRI performed after 6 weeks from the 
presenting attack, (3) primary progressive disease course, or 
(4) radiologically isolated syndrome.

Patients with MOGAD or other relapsing demyelinating CNS 
disorders, including NMOSD (with or without AQP4-IgG), 
seronegative ADEM, isolated myelitis, isolated optic neuritis, 
and isolated brain/brainstem syndromes, hospitalized during 
the study period were used for comparison.

MOG-IgG Testing and Potential Risk
of Misdiagnosis
MOG-IgG serostatus was assessed by fixed or live CBA, as 
part of the diagnostic work-up or for research purposes. The 
live tests were performed at the Neuroimmunology Labora-
tory of the IRCCS Mondino Foundation of Pavia or the 
Neuropathology Laboratory of the University Hospital of 
Verona, with previously described methodologies. 13,14 Fixed 
CBA was performed according to manufacturer’s instructions 
(Euroimmun; serum dilution, 1:10). The potential risk of 
misdiagnosis in MS/CIS patients meeting the MOGAD 
supporting features was assessed based on the probability of 
concomitant false MOG-IgG positivity.

Application of the Supporting Features for 
MOGAD Diagnosis to Patients With MS
In each center, 2 neurology investigators with experience in 
demyelinating CNS disorders (E.S. and P.Z.; G.G. and F.M.)

Glossary
CBA = cell-based assay; CIS = clinically isolated syndrome; MOGAD = myelin oligodendrocyte glycoprotein 
antibody–associated disease; MS = multiple sclerosis; NMOSD = neuromyelitis optica spectrum disorder.
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reviewed together the presenting attack of included patients 
with MS/CIS to determine the presence of clinical-MRI 
features meeting the MOGAD supporting features per the 
2023 diagnostic criteria. 2 The supporting features were ap-
plied exclusively to the symptomatic CNS domains (optic 
nerve, brain, spinal cord, or combinations thereof). An initial 
training session was conducted among investigators from 
both centers to discuss how to interpret and apply the sup-
porting features for MOGAD diagnosis from the 2023 di-
agnostic criteria. 2 MRI features were applied by reviewing all 
available sequences obtained with different scanners at 1.5T 
or 3T during the diagnostic work-up. Each MRI feature was 
assessed only in the subgroup for whom the relevant imaging 
was available. A description of the supporting features for 
MOGAD diagnosis and the way they were interpreted for this 
study are summarized (Table 1). In cases of uncertainty on 
interpretation of certain MRI findings, a final agreement was 
reached after discussion with an external rater (R.C.) on 
representative images.

Other Clinical-MRI Features Suggestive
of MOGAD
In addition to the MOGAD supporting features, the frequency 
of other clinical-MRI features characteristic of MOGAD was

investigated. These were selected by the investigators according 
to literature data and included: (1) visual acuity at optic neuritis 
nadir of hand movement, 20/200 or less in the worst eye; (2) 
presence of encephalopathy (ranging from somnolence to co-
ma); (3) need for gait aid (EDSS: 6–6.5) or wheelchair (EDSS: 
7) at myelitis nadir; (4) normal brain MRI during a brain attack; 
(5) normal spinal cord MRI during a myelitis attack; (6) 
complete resolution of brain and/or spinal cord T2-lesions on 
MRI follow-up >3 months; (7) marked CSF pleocytosis (>50 
white blood cells/mm 3 ); and (8) lack of CSF-restricted oli-
goclonal bands (≥2). 15-23

Statistics
Continuous and categorical variables were reported as median 
(range) and numbers (%) and compared by the Wilcoxon rank-
sum test or Fisher exact test, as appropriate. The potential risk of 
MOGAD misdiagnosis in patients with MS was determined by 
multipling the frequency of the MOGAD supporting features (at 
least 1) at MS/CIS presentation by the frequency of false MOG-
IgG positivity in the same cohort (combined probability).

Data Availability
Anonymized data from this study are available by the corre-
sponding author on reasonable request.

Table 1 MOGAD Supporting Features and How They Were Interpreted for Application in This Study (Modified From
Banwell et al. Lancet Neurol 2023)

Optic neuritis a Longitudinal optic nerve involvement T2-hyperintensity and/or T1-gadolinium enhancement involving >50% of the
optic nerve length 

Bilateral simultaneous optic neuritis Simultaneous or rapidly sequential clinical involvement of both optic nerves
within 24 h

Perineural optic sheath enhancement T1-gadolinium enhancement of the optic nerve sheath 

Optic disc oedema Clear optic disc edema identified through fundoscopy examination

Myelitis Longitudinally extensive myelitis T2-hyperintense lesion extending over 3 or more contiguous vertebral
segments on sagittal images

Central cord lesion T2-hyperintense lesion involving the entirety or near entirety of the cross-
sectional area of the spinal cord, or smaller lesions predominantly involving the
center of the spinal cord, on at least 1 axial image

H-sign T2-hyperintensity predominantly involving the central gray matter on at least 1
axial image

Conus lesion At least 1 T2-hyperintense lesion involving the conus medullaris on sagittal
images 

Brain, brainstem, or
cerebral syndrome

Multiple ill-defined T2-hyperintense lesions in
supratentorial and often infratentorial white
matter

At least 2 T2-hyperintense lesions with poorly demarcated margins in the
supratentorial white matter

Deep gray matter involvement At least 1 T2-hyperintense lesion involving caudatus, putamen, thalamus, or
pallidi, with or without extension to the internal capsule. T2-lesions exclusively
(or almost exclusively) involving the internal capsule were excluded

Ill-defined T2-hyperintensity involving pons,
middle cerebellar peduncle, or medulla 

At least 1 T2-hyperintense lesion with poorly demarcated margins involving
pons, middle cerebellar peduncles, or medulla

Cortical lesions with or without lesional and
overlying meningeal enhancement

Unilateral or bilateral FLAIR hyperintense cortical ribboning with or without
overlying leptomeningeal enhancement. Discrete, round, or ovoid-shaped
cortical lesions were not considered

Abbreviation: FLAIR = fluid attenuated inversion recovery; MOGAD = myelin oligodendrocyte glycoprotein antibody-associated disease.
a MRI features associated with optic neuritis were evaluated on either brain or orbit MRI, using all available sequences.

Neurology.org/NN Neurology: Neuroimmunology & Neuroinflammation | Volume 12, Number 6 | November 2025
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Results
A total of 244 patients with MS (n = 213) or CIS (n = 31) were 
included in the study from the 2 centers (Figure 1). The me-
dian age at disease onset was 34 (range, 13–78) years; 160 
(66%) were female, and 8 (3%) were children. The presenting 
attacks were optic neuritis in 60 (25%), brain/brainstem attacks 
in 85 (35%), myelitis in 96 (39%), and combinations thereof in 
3 (1%). The demographics and clinical characteristics of in-
cluded patients are summarized (Table 2).

Frequency of the MOGAD Supporting Features 
in Patients With MS/CIS
Overall, 65/244 (27%) patients with MS/CIS presented 1 or 
more supporting features for a diagnosis of MOGAD at disease 
onset. The frequency was higher in patients with myelitis (37%) 
or brain attacks (29%), compared to patients with optic neuritis 
(10%); p < 0.001. The highest feature-specific frequency was 
observed for “central cord myelitis lesion” (33%) and “deep gray 
nuclei involvement” (28%), while the frequency of other sup-
porting features ranged between 0% and 7%. The feature-specific 
frequency stratified by symptomatic CNS domain is presented in 
Table 3, while representative MRI images are shown in Figures 2 
and 3. Additional examples of central cord myelitis lesions are 
shown in eFigure 1.

The frequency of the different supporting features was similar 
in the 2 cohorts (Table 3), suggesting good alignment after the 
initial training session. Uncertainty with interpretation of MRI

findings occurred almost exclusively for patients with possible 
“ill-defined” T2-hyperintense lesions, initially indicated in 7 
cases but later confirmed only in 2 cases in the infratentorial 
region after review with the external rater (Figure 2, E and F). 
None was felt to meet the definition of “multiple ill-defined T2 
hyperintense lesions in supratentorial white matter,” although 
some showed similar supratentorial lesions in the context of 
other typical, well-demarcated MS lesions (eFigure 2).

MOG-IgG Serostatus and Potential Risk
of Misdiagnosis
Serum MOG-IgG was tested in 207/244 (85%) patients di-
agnosed with MS or CIS. While 204 tested negative, “false” 
MOG-IgG positivity was detected in 3 (1.4%) patients, by fixed 
CBA only (n = 1; positivity subsequently not confirmed by live 
CBA) or by both fixed and live CBA (n = 2; 1 with a high 
antibody titer of 1:20,480). Overall, 2 patients (1%) would 
meet the diagnostic criteria for MOGAD if the requirement for 
exclusion of alternative diagnoses is not applied. Only the pa-
tient with false MOG-IgG positivity exclusively detected by 
fixed CBA showed 1 of the MOGAD supporting features 
(“deep gray nuclei involvement”). The combined probability of 
detecting a false MOG-IgG positivity and meeting at least 1 of 
the MOGAD supporting features was 0.4%.

Comparison With MOGAD and Other 
Demyelinating CNS Disorders
The frequency of the supporting features was significantly lower 
in patients with MS/CIS (61/245 [25%]) when compared to

Figure 1 Steps Toward Inclusion of Patients With MS/CIS From the 2 Cohorts

The flowchart shows the different steps for identification and inclusion of patients with MS/CIS consecutively hospitalized at the 2 participating centers 
(University Hospital of Sassari and IRCCS Mondino Foundation of Pavia) over 4 years. Excluded patients with MOGAD or other demyelinating CNS disorders 
hospitalized during the same period were used to compare the frequency of the MOGAD supporting features in different disease groups. CIS = clinically 
isolated syndrome; MOGAD = myelin oligodendrocyte glycoprotein antibody–associated disease; MS = multiple sclerosis.

Neurology: Neuroimmunology & Neuroinflammation | Volume 12, Number 6 | November 2025 Neurology.org/NN
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MOGAD patients (12/14 [86%]; p < 0.0001) or patients with 
other relapsing demyelinating CNS disorders (23/42 [55%]; p = 
0.0002) seen during the study period (eTable 1).

Evaluation of Additional Clinical-MRI Features 
Suggestive of MOGAD in Patients With MS/CIS
Nine additional clinical-MRI features were selected by the 
authors as characteristic of MOGAD based on literature data and 
authors’ experience. Their overall frequency in patients with MS/ 
CIS was 4% (Table 4), with 4 features exhibiting a frequency of 
0%, including (1) presence of encephalopathy, (2) need for 
wheelchair at myelitis nadir, (3) complete resolution of MRI T2-
abnormalities after brain or myelitis attacks, and (4) marked CSF 
pleocytosis. These additional clinical-MRI features were more 
common in patients with other relapsing demyelinating CNS 
disorders (19/42 [45%]) than in MS; p < 0.001 (eTable 2).

Discussion
We showed the supporting features for MOGAD diagnosis can 
be met in one-fourth of cases of MS/CIS at disease

presentation, potentially leading to diagnostic uncertainty. 
Clinicians should be aware of this possibility when evaluating 
rare patients with concurrent MOG-IgG positivity of unclear 
significance and typical MS phenotype to avoid assigning an 
incorrect diagnosis of MOGAD and inappropriate treatment.

MS is the most common demyelinating CNS disorder and 
represents the main alternative diagnosis in patients with false 
MOG-IgG positivity. 6,7,24 In the 2023 MOGAD diagnostic cri-
teria, it is emphasized that patients with typical MS should not be 
tested for MOG-IgG considering the low pretest probability. 2 

The supporting features further help reduce the probability of 
misdiagnosis in patients at high risk of false MOG-IgG positivity, 
playing a crucial role in differentiating MOGAD from MS. 2 

However, the judgment of typical vs atypical MS is not always 
straightforward and strongly relies on individual expertise; 
moreover, the detection of clinical-MRI features suggestive of 
MOGAD in patients with otherwise genuine MS may lead to 
diagnostic uncertainty. In this context, understanding the prev-
alence of the MOGAD supporting features in an unselected 
cohort of MS patients may aid in correctly stratifying disease 
phenotypes and identifying cases with false MOG-IgG positivity.

Table 2 Demographic and Clinical Characteristics of Included Patients

Full cohort Cohort 1 Cohort 2

Number of patients 244 122 122

Demographics, (%)

Age at presenting attack 34 (13–78) 36 (13–78) 33 (16–64)

Age <18 y 8 (3.3) 7 (5.7) 1 (0.8)

Female sex, (%) 160 (66) 86 (70) 74 (61)

Type of presenting attack, (%)

Optic neuritis 60 (25) 37 (30) 23 (19)

Myelitis 96 (39) 38 (31) 58 (47)

Brain attack 85 (35) 44 (36) 41 (34)

Combined 3 (1) 3 (3) a —

Diagnosis after the presenting attack, (%)

MS 213 (87) 105 (86) 108 (88)

CIS 31 (13) 17 (14) 14 (12)

Serostatus

Tested for MOG-IgG, (%) 207 (85) 85 (70) 122 (100)

Live CBA 181 59 122

Fixed CBA 26 26 —

“False” MOG-IgG positivity 3 2 b 1

Follow-up length from disease presentation, mo 29 (6–89) 28 (6–54) 30 (8–89)

Abbreviations: CBA = cell-based assay; CIS = clinically isolated syndrome; MS = multiple sclerosis. 
Data are shown for the full cohort, and stratified by cohort of origin (Cohort 1 = Sassari; Cohort 2 = Pavia). 
a The combined attacks were optic neuritis + myelitis (n = 2) and optic neuritis + brain attack (n = 1). 
b One patient showed a false positivity with fixed CBA, not confirmed with live CBA; while the second patient showed a false-positive result on both fixed and 
live CBA (titer, 1:20,480).

Neurology.org/NN Neurology: Neuroimmunology & Neuroinflammation | Volume 12, Number 6 | November 2025
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Table 3 Frequency of the MOGAD Supporting Features in Patients With MS/CIS at Disease Onset

Full cohort Cohort 1 Cohort 2

Overall frequency of MOGAD supporting features, ≥1, (%) 65/244 (27) 27/122 (22) 38/122 (31)

Optic neuritis, N 63 40 23

Bilateral simultaneous clinical involvement 0 0 0

Longitudinal optic nerve involvement >50% of its length, (%) 2/63 (3) 2/40 (5) 0

Perineural optic sheath enhancement, (%) 2/63 (3) 1/40 (3) 1/23 (4)

Optic disc oedema, (%) 2/60 (3) 1/37 (3) 1/23 (4)

At least 1 supporting feature, (%) 6/63 (10) 4/40 (10) 2/23 (9)

Myelitis, N 98 40 58

Longitudinally extensive myelitis ≥3 vertebral body segments, (%) 4/98 (4) a 2/40 (5) 2/58 (3)

Central cord lesion, (%) 27/82 (33) 7/24 (29) 20/58 (35)

H Sign, (%) 1/82 (1) 1/24 (4) 0

Conus lesion, (%) 7/98 (7) 4/40 (10) 3/58 (5)

At least 1 supporting feature, (%) 36/98 (37) 12/40 (30) 22/58 (38)

Brain attack, N 86 45 41

Multiple ill-defined T2 hyperintense lesions in supratentorial and often infratentorial white matter 0 0 0

Deep gray matter involvement, (%) 24/86 (28) 10/45 (22) 14/41 (34)

Ill-defined T2-hyperintensity involving pons, middle cerebellar peduncle, or medulla, (%) 2/86 (2) 1/45 (2) 1/41 (2)

Cortical lesion without lesional and overlying meningeal enhancement 0 0 0

At least 1 supporting feature, (%) 25/86 (29) 11/45 (24) 14/41 (34)

Abbreviation: MOGAD = myelin oligodendrocyte glycoprotein antibody–associated disease 
Data are shown for the full cohort and stratified by cohort of origin (Cohort 1 = Sassari; Cohort 2 = Pavia). 
a In none of the patients, the myelitis lesion extended for more than 3 vertebral body segments. 

Figure 2 Representative Examples of Patients With MS/CIS Meeting the Supporting Features for MOGAD Diagnosis on 
Brain and Orbital MRI

“Longitudinal optic nerve involvement” and “perineural optic sheath enhancement”: Axial orbital MRI from 2 different patients with optic neuritis showing 
swelling and hyperintensity of the left optic nerve for >50% of its length on FLAIR sequences (A, dotted circle) and left perineural enhancement on post-
Gadolinium T1 sequences (B, arrowhead), respectively. “Deep gray matter involvement”: 2 other patients with brain attacks showing typical MS lesions 
involving the deep gray nuclei on axial FLAIR images (C and D, dotted circles). “Ill-defined T2-hyperintensity involving pons, middle cerebellar peduncle, or 
medulla”: Axial T2-weighted (E) and FLAIR (F) images showing ill-defined lesions with poorly demarcated margins. CIS = clinically isolated syndrome; FLAIR = 
fluid attenuated inversion recovery; MOGAD = myelin oligodendrocyte glycoprotein antibody–associated disease; MS = multiple sclerosis.

Neurology: Neuroimmunology & Neuroinflammation | Volume 12, Number 6 | November 2025 Neurology.org/NN
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Our findings show that, although the MOGAD supporting 
features are not uncommonly met in patients with MS, the 
probability of obtaining a concurrent false MOG-IgG posi-
tivity is low (0.4% in this study), confirming the high speci-
ficity of the MOGAD diagnostic criteria. 2,8,11,25-27 However, 
caution is needed in clinical practice as this probability might 
increase if antibody testing is performed in larger unselected 
populations, when MOG-IgG testing is routinely performed 
in parallel in the CSF (not done in this study), and by using 
fixed rather than live CBA (as shown by 1 case in this study 
who falsely tested positive for MOG-IgG exclusively by fixed 
assay). 4,6,28 Assessment of MOG-IgG titer, when possible, is 
also important as application of the supporting features is not 
required to diagnose MOGAD in patients with high antibody 
titers, although high-titer false MOG-IgG positivity may rarely 
occur (as observed in 1 patient in this study).

The feature-specific frequency varied in our cohort of patients 
with MS/CIS, with 2 MOGAD supporting features being 
overrepresented. In particular, deep gray matter involvement 
was observed in 28% of cases (Figure 2, C and D), differently 
from other brain supporting features that were rare (0%–2%). 
This discrepancy can be explained by the lack of specific 
morphologic requirements for deep gray matter lesions

(generally smaller and better demarcated in MS compared 
with MOGAD) in the diagnostic criteria. 29,30 On the contrary, 
the criteria require T2-lesions in other brain locations 
(i.e., supratentorial and infratentorial white matter) to be “ill-
defined.” Despite increasing the separation between MS and 
MOGAD lesions, this requirement represented a frequent 
cause of disagreement in our study (Figure 2, E and F; 
eFigure 2). Since the concept of “ill-defined” or “fluffy” 
lesions, often used in the literature, is prone to interobserver 
variability, the use of more objective features that can help 
differentiate MS from MOGAD (e.g., lesion size) might be 
considered in future revisions of the diagnostic criteria. 31 

Variability in the real-life application of the MOGAD diag-
nosti criteria was also suggested in a recent study. 32

Patients with myelitis showed a central cord lesion in 33% of 
cases, often involving the entire axial section due to marked 
perilesional edema acutely (Figure 3A; eFigure 1). In these 
cases, the concomitant presence of typical MS lesions on brain 
MRI and extension of the myelitis lesion for less than 3 ver-
tebral body segments, strongly orient the diagnostic suspicion 
toward MS rather than MOGAD. 16 Interestingly, four 
patients with MS myelitis (4%) had lesions extending over 3 
contiguous vertebral body segments on sagittal images

Table 4 Frequency of Other Clinical-MRI Features Characteristic of MOGAD in Patients With MS/CIS

Full cohort Cohort 1 Cohort 2

Overall frequency of alternative MOGAD supporting features, ≥1, (%) 10/244 (4) 3/122 (2) 7/122 (6)

Optic neuritis, N 63 40 23

Visual acuity at nadir of hand movement or less worst eye 1/10 (20/200) or less, (%) 5/63 (8) 2/40 (5) 3/23 (13)

Myelitis, N 98 40 58

Need gait aid at nadir (EDSS 6 or more), (%) 1/98 (1) 1/40 (3) 0/58

Need wheelchair at nadir (EDSS 7 or more) 0/98 0/40 0/58

Normal spine MRI during myelitis 1/98 (1) a 0/40 1/58 (2)

Complete resolution of all myelitis lesions on MRI after >3 mo 1/64 (2) 0/17 1/47 (2)

Brain attack, N 86 45 41

Encephalopathy at onset 0/86 0/45 0/41

Normal brain MRI during brain attack, (%) 1/86 (1) b 0/45 1/41 (2)

Complete resolution of all brain lesions on MRI after >3 mo 0/57 0/23 0/34

CSF obtained acutely, N c 228 110 118

CSF white blood cells >50 0/228 0/110 0/118

Lack of CSF-restricted oligoclonal bands (≥2), (%) 40/219 (18) 18/97 (19) 22/122 (18)

Abbreviation: MOGAD = myelin oligodendrocyte glycoprotein antibody–associated disease. 
Data are shown for the full cohort and stratified by cohort of origin (Cohort 1 = Sassari; Cohort 2 = Pavia). 
a One patient with MS myelitis had an initially normal spine MRI during the attack. This was a 52-year-old woman who developed subacute sensory deficit in 
the lower limbs and urinary urgency. MRI of the spine was unremarkable. MRI of the brain showed typical MS lesions. CSF analysis revealed 23 white blood 
cells/mm 3 and CSF-restricted oligoclonal bands. She was treated with IV corticosteroids with symptoms resolution. Follow-up MRI at 6 mo revealed a clear 
nonenhancing dorsal lesion in the thoracis spinal cord and 2 new lesions in the brain. 
b One patient with subacute onset of internuclear ophthalmoplegia had an initially unrevealing brain MRI. Typical MS lesions appeared on MRI during follow-
up. 
c CSF variables were assessed during any type of disease attack.
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(Figure 3E). These lesions were all located in the cervical 
spinal cord (where vertebral bodies are shorter) and never 
exceeded the length of 3 vertebral body segments. The de-
tection of unusually long lesions in MS can be explained by 
severe inflammation or coalescence of contiguous lesions that 
can be demonstrated on axial images (not available for all 
cases in our study). 33 When axial images are assessed carefully, 
true longitudinally extensive myelitis lesions are very rare in 
MS, even in pediatric populations, where such lesions were 
historically reported to be more frequent before the ability to 
distinguish MOGAD. 34 Finally, patients with optic neuritis 
were less likely to meet the supporting features for MOGAD 
diagnosis (Figure 2, A and B), although orbital MRI was not 
obtained for all patients during the diagnostic workup.

We identified additional clinical-MRI features typical of 
MOGAD that were rarely observed in our cohort of MS/CIS 
(Table 4) and might be integrated in future revisions of the 
MOGAD diagnostic criteria. For instance, the presence of 
acute/subacute encephalopathy and inflammatory CSF find-
ings might probably be sufficient to confirm the diagnosis of 
MOGAD in patients with low/unavailable MOG-IgG titer,

independently of the morphology and location of accompa-
nying MRI abnormalities. Resolution of MRI abnormalities at 
follow-up is also quite specific for MOGAD, although lacks 
applicability acutely. 21 Similarly, a normal MRI during brain 
or myelitis attack is extremely rare in patients with MS/CIS 
but occurs in 10% of MOGAD cases and is currently not 
contemplated in the MOGAD diagnostic criteria, 22,35 al-
though the specificity of this feature has not been formally 
assessed.

This study is mainly limited by the retrospective design and 
lack of standardized MRI protocols, which is reflective of real-
life practice. In particular, the lack of axial images in a sub-
group of patients with myelitis might have biased assessment 
of central cord lesions toward cases with more severe myelitis 
potentially more likely to undergo an extensive evaluation by 
spinal cord MRI. Assessment of the supporting features in the 
different disease groups was not blinded (some patients were 
known to the investigators from clinical practice), with po-
tential for observer bias. However, definition and application 
of the supporting features was carefully planned and involved 
multiple investigators in 2 independent cohorts, thus reducing

Figure 3 Representative Examples of Patients With MS/CIS Meeting the Supporting Features for MOGAD Diagnosis on 
Spinal Cord MRI

“Central cord lesion”: A typical short T2-lesion is shown in the cervical spinal cord of a patient with MS myelitis (A). The lesion is predominantly dorsally located 
on sagittal images (A.a), but involves the near entirety of the axial section of the spinal cord due to perilesional oedema on some axial cuts (A.b). “H sign”: 
Another patient with MS myelitis and T2-lesion involving the cervical spinal cord on sagittal images (B.a); in 1 of the axial images, the lesion predominantly 
involves the central gray matter (B.b), similar to the H-sign frequently found with MOGAD myelitis. “Conus lesion”: Other 2 patients with myelitis (C-D) and 
typical MS lesions involving the conus medullaris (arrowheads), or other spinal cord segments (arrow), are shown. “longitudinally extensive myelitis”: Sagittal 
T2 images of a patient with myelitis showing multiple MS lesions in the cervical spinal cord (E); 1 of the lesions extends for 3 contiguous vertebral body 
segments (axial images were not obtained in this patient). MOGAD = myelin oligodendrocyte glycoprotein antibody–associated disease.
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this possibility. For this study, we created specific definitions 
to standardize the application of the MOGAD supporting 
features in 2 different cohorts. Future revisions of the 
MOGAD criteria might benefit from a list of definitions to 
limit interpretative variability. Finally, pediatric patients were 
underrepresented in this study and may show a different 
frequency of the MOGAD supporting features compared with 
adults.

In conclusion, although patients with MS/CIS may fulfil the 
supporting features for MOGAD diagnosis at disease pre-
sentation, the risk of misdiagnosis in similar unselected 
cohorts is still low. A careful selection of patients with higher 
pretest probability to test for MOG-IgG remains crucial to 
minimize the risk of misdiagnosis, also taking into account the 
possible overlaps between MS and MOGAD that we have 
highlighted in our study. Future refinements of the MOGAD 
supporting features should take into account their relative 
frequency in patients with MS/CIS and potential integration 
with additional clinical-MRI features more specific of 
MOGAD.
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