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                     Central  nervous  system  demyelinating  disorders   (CNS-DD) 
can cause abrupt, disabling, yet potentially reversible neurologic deficits;
rapid recognition is essential because acute immunotherapy is time-
sensitive. This narrative review, anchored in a three-patient case series,
outlines a practical diagnostic workflow to differentiate the main
inflammatory demyelinating syndromes. We describe: (1) multiple
sclerosis in a 23-year-old man with optic neuritis, typical brain MRI
lesions, and cerebrospinal fluid oligoclonal bands fulfilling McDonald
criteria; (2) aquaporin-4–IgG–positive neuromyelitis optica spectrum
disorder in a 24-year-old woman with longitudinally extensive myelitis,
optic symptoms, and area postrema syndrome; and (3) MOG antibody-
associated disease in a 23-year-old postpartum woman with ADEM-like
encephalopathy and strongly positive serum MOG-IgG. Across entities,
lesion topography on brain/spine MRI, CSF profile, and serum antibody
testing (AQP4-IgG, MOG-IgG) are pivotal to exclude mimics and guide
early treatment.
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R E S U M O

Uma revisão narrativa baseada em casos clínicos sobre a abordagem diagnóstica dos principais
distúrbios desmielinizantes do sistema nervoso central
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                     As doenças desmielinizantes do sistema nervoso central (DD-
SNC) podem causar déficits neurológicos de início abrupto,
incapacitantes, porém potencialmente reversíveis; seu reconhecimento
rápido é essencial, uma vez que a imunoterapia na fase aguda é tempo-
dependente. Esta revisão narrativa, fundamentada em uma série de
três casos clínicos, apresenta uma abordagem diagnóstica prática para
diferenciar as principais síndromes desmielinizantes inflamatórias.
Descrevemos: (1) esclerose múltipla em um homem de 23 anos com
neurite óptica, lesões encefálicas típicas à ressonância magnética e
bandas oligoclonais no líquido cefalorraquidiano, preenchendo os
critérios de McDonald; (2) doença do espectro da neuromielite óptica
com AQP4-IgG positivo em uma mulher de 24 anos com mielite
longitudinalmente extensa, sintomas ópticos e síndrome da área
postrema; e (3) doença associada ao anticorpo anti-MOG (MOGAD) em
uma mulher de 23 anos no período pós-parto, apresentando
encefalopatia semelhante à ADEM e MOG-IgG sérico fortemente
positivo. Entre essas diferentes entidades, a topografia das lesões na
ressonância magnética de encéfalo e medula espinhal, o perfil do
líquido cefalorraquidiano e a pesquisa de anticorpos séricos (AQP4-IgG e
MOG-IgG) são fundamentais para excluir diagnósticos diferenciais e
orientar o tratamento precoce.

Palavras-chave: Doenças Desmielinizantes; Sistema Nervoso Central;
Esclerose Múltipla; Neuromielite Óptica; Doença Associada a Anticorpos
contra a Glicoproteína de Oligodendrócitos da Mielina
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                 Central  nervous  system  demyelinating  disorders 
(CNS-DD) are inflammatory autoimmune diseases that
damage the central nervous system (CNS) white matter
myelin and cause acute disabling symptoms, often
reversible. Because treatment is time-sensitive, early
diagnosis is crucial¹. This narrative review, illustrated by a
three-case series, presents a practical approach to the
diagnostic algorithm for these conditions.

Case selection and clinical data collection

                 The  review  was  illustrated  by  three  real  clinical 
cases managed in the Internal Medicine wards of Hospital
Universitário Pedro Ernesto during the study period. Cases
were selected through convenience and purposive sampling
because they represented three major inflammatory CNS-
DD and provided complementary examples of the
diagnostic reasoning required to distinguish these
disorders.
                 Only  patients   initially   admitted   and    managed 
under Internal Medicine service and subsequent co-
managed with the Neurology department were included.
This selection was intentional, as the case series was
designed to emphasize the role of general physicians in the
early recognition, initial investigation, stabilization, and
timely referral of patients presenting with potentially CNS-
DD. Neurological consultation was obtained in all cases and
guided diagnostic confirmation and treatment. Before
discharge, follow-up with the institutional
Neuroimmunology outpatient service was arranged jointly
by both teams.
     The complete medical records of the index
hospitalization and one-year follow-up period of all patients
were retrospectively reviewed by the first author. Data
collected included demographic characteristics, medical
history, neurological findings, laboratory and cerebrospinal
fluid results, neuroimaging, antibody testing, treatments,
clinical course, discharge status and one-year outcomes.
Events occurring beyond this period were not assessed.
                 Diagnostic tests were performed as part of routine
care. Cerebrospinal fluid analysis, AQP4-IgG and MOG-IgG
testing, and other etiological investigations were obtained
as early as feasible and, in all selected cases, before
corticosteroids, plasma exchange, immunosuppressive
therapy, or any other disease-specific treatment. Results
were extracted from the original records and reports.
                 For didactic  clarity, the  cases   were  incorporated 
into the corresponding disease-specific sections rather than
presented separately. Patient-specific information appears
in italics within the narrative review, clearly distinguishing
original clinical data from literature-derived information.

Data confidentiality and reporting

                Clinical information was extracted and analyzed in
a de-identified manner. Direct identifiers and nonessential
potentially identifying details were omitted or generalized.
The cases were reported in accordance with CARE guideline.

Use of artificial intelligence-assisted technologies 

                 ChatGPT  (OpenAI)  was  used  solely  for  language 
editing and table formatting. No literature searches, data
collection,   data   analysis,   evidence   selection,   figures  or 

INTRODUCTION

Literature review

                 A   focused   and   iterative   narrative   review  was 
conducted to summarize the clinical presentation,
diagnostic evaluation, and principal distinguishing features
of multiple sclerosis (MS), neuromyelitis optica spectrum
disorder (NMOSD), and MOG antibody-associated disease
(MOGAD). Separate searches were performed in
PubMed/MEDLINE and Embase for each disorder, with
emphasis on diagnostic criteria, differential diagnosis,
neuroimaging, cerebrospinal fluid findings, and disease-
specific antibody testing.
                 To    obtain    a    focused   and   clinically    relevant 
evidence base, the principal searches prioritized narrative
and systematic reviews, clinical guidelines, consensus
statements, recommendation papers, and original studies
proposing or validating diagnostic criteria. Editorials, letters,
comments, conference abstracts or proceedings, and other
non-full-length publication types were excluded when
applicable.
         These searches were complemented by targeted
searches on biomarkers, specific differential diagnoses, and
therapeutic implications. Earlier landmark studies and
additional topic-specific references were identified through
backward citation tracking of selected diagnostic criteria,
guidelines, consensus statements, and reviews. These
supplementary searches were purposive rather than
exhaustive and supported topics not fully covered by the
principal diagnostic strategy.
                 The   principal   database  searches  identified  399 
records. After removal of 108 duplicates, 291 underwent
title screening, 151 were retained for abstract review, and
63 were assessed in full text. Fifteen publications were
included in the core diagnostic evidence set supporting the
comparative discussion of MS, NMOSD, and MOGAD.
        Further 30 publications were identified through
targeted searches and backward citation tracking, mostly
addressed topics not fully captured by the principal
diagnostic strategy, including pathophysiology,
epidemiology, biomarkers and specific differential
diagnoses. Of the resulting 45 candidate publications, 40
were included in the final narrative review.

METHODS
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scientific content generation were performed using artificial
intelligence. All authors reviewed and approved the final
manuscript and assume full responsibility for its content. 

Ethical considerations

            The study was approved by Hospital Universitário
Pedro Ernesto, Universidade do Estado do Rio de Janeiro
Research Ethics Committee (approval number: 8.425.125;
CAAE: 97943626.0.0000.5259). Written informed consent for
participation was obtained from each patient. All data were
handled in accordance with the Declaration of Helsinki.

Overview

              Most CNS-DD present abruptly, peak within hours
to days, and remit over weeks. Lesions are initially focal,
often involving the optic nerve, brainstem, cerebellar
pathways, and/or spinal cord, but may become multifocal
over time. Systemic symptoms are uncommon and should
prompt evaluation for alternative diagnoses (e.g., infection,
malignancy, paraneoplastic syndromes)².
               The diagnostic workup should begin by confirming
demyelination and characterizing the magnetic resonance
imaging (MRI) pattern on brain and neuroaxis imaging .
Cerebrospinal fluid (CSF) analysis is recommended in most
suspected cases and should ideally be obtained before
treatment to minimize false-negative results. 

3–5

Diferential diagnosis

                 The   differential  diagnosis  of CNS-DD  should  be 
guided by the temporal profile, predominant neurological
syndrome, MRI lesion distribution, cerebrospinal fluid
findings, and associated systemic manifestations.
Encephalopathy, meningeal symptoms, marked pleocytosis,
hypoglycorrhachia, fever, or constitutional features suggest
infectious, granulomatous, or systemic autoimmune
disorders, whereas hyperacute onset, diffusion restriction,
hemorrhage, or vascular-territory lesions favor vascular
causes.
        Progressive myelopathy with cord compression,
perimedullary flow voids, symmetric tract involvement,
metabolic risk factors, mass-like, persistently enhancing
lesions, steroid dependence or progressive deterioration
may indicate structural, vascular, nutritional, hereditary or
neoplasic etiologies. Key distinguishing features of these
conditions are summarized in Supplementary Data – TABLE
S1.

Therapeutic implications

                Although a comprehensive discussion of treatment
is  beyond  the  scope   of   this   review,   acute   attacks   
are      generally     managed    with   high-dose   intravenous 

corticosteroids, with plasma exchange therapy reserved for
severe or refractory cases. Subsequent treatment differs
among disorders: MS requires individualized disease-
modifying and NMOSD generally requires relapse-
prevention therapy. In MOGAD, maintenance
immunotherapy  is  individualized  and  usually  reserved
for patients with relapsing course or substantial disability
risk .6–8

                Timely recognition and accurate differentiation are
therefore essential, as delays may postpone rescue therapy
and misclassification may lead to inappropriate long-term
treatment, particularly in NMOSD and relapsing MOGAD, in
which recurrent attacks may result in substantial and
sometimes irreversible disability . Further treatment
details are avaible on Supplementary Data – TABLE S2.

7,8

Multiple sclerosis (MS)

              A    previously    healthy    23-year-old    man     was
admitted   with   a   one-week   history   of   painless   horizontal 

TABLE 1 – Comparative main features of MS, NMOSD, and MOGAD

Caption: ADEM, acute disseminated encephalomyelitis; AQP4-IgG, aquaporin-4
immunoglobulin G; CSF, cerebrospinal fluid; CVS, central vein sign; kFLC, kappa free light
chains; MOGAD, MOG antibody-associated disease; MRI, magnetic resonance imaging;
MS, multiple sclerosis; NMOSD, neuromyelitis optica spectrum disorder; OCB, oligoclonal
bands; PRL, paramagnetic rim lesion.
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binocular diplopia. He reported prior lower-limb and anterior
thoracic paresthesias that resolved spontaneously within two
weeks.
        MS is the most prevalent chronic inflammatory
demyelinating disease of the CNS. Its biology involves
adaptive and innate immune mechanisms, including T cells,
B cells, and activated microglia . It typically begins in early
adulthood, is more common in women and white
individuals (although it may follow a more severe course in
non-white populations), and most often presents as a
relapsing-remitting phenotype.

9–11

             Most patients have evidence of prior Epstein–Barr
virus infection, supporting a possible, although not yet fully
established, causal relationship . Vitamin D deficiency  and
smoking  are well-established risk factors, whereas
childhood or adolescent obesity  and intestinal dysbiosis
remain under investigation.

12 13

14

15 16

               Clinical presentation is variable, but typical attacks
normaly include unilateral optic neuritis, partial myelitis,
focal supratentorial syndromes, and focal brainstem or
cerebellar syndromes lasting more than 24 hours .
Features that should prompt reconsideration of the
diagnosis include a hyperacute onset, complete or bilateral
visual loss with poor recovery, longitudinally extensive
myelitis, prominent systemic inflammation, multiple cranial
neuropathies, meningismus, or symptoms that cannot be
localized to a focal CNS lesion .

17

18

                 Although   male,  our  patient   had   clinical   features 
suggestive of MS; he was eutrophic, reported childhood
infectious mononucleosis, and had low vitamin D levels. MRI
showed multiple ovoid T2/FLAIR-hyperintense lesions in
periventricular, juxtacortical, callosal, and infratentorial
regions, some with T1 black holes, and CSF analysis was
positive for oligoclonal bands (OCB).
                 MS  was  traditionally  diagnosed  according to  the 
2017 McDonald criteria , which required evidence of
dissemination in space and time. The 2024 revision,
published in 2025, substantially expanded this framework
(FIGURE 1). Dissemination in space continues to rely on the
presence of typical lesions affecting at least two distinct CNS
regions, but the optic nerve is now recognized as a fifth
anatomical location. Optic nerve involvement may be
demonstrated by MRI or by optical coherence tomography
or visual evoked potentials, the latter two of which were not
reconized in the 2017 criteria.

19

3

              As in the last criteria, evidence of dissemination in
time may still be substituted by evidence of intrathecal
immune activity, demonstrated by either CSF-restricted
oligoclonal bands or an elevated kappa free light-chain
index; however, the 2024 revision also introduced an
additional pathway in selected clinical settings, allowing
dissemination in time to be waived when at least four of the
five typical anatomical locations are involved.

       Carefull evaluation and exclusion of alternative
diagnoses, including other CNS demyelinating disorders,
vascular diseases, and compressive spinal cord lesions, are
still strongly recommended and should always be
evaluated, specially when oligoclonal bands are absent.
            On MRI, MS lesions classically predominate in the
periventricular white matter and frequently appear as ovoid
lesions oriented perpendicular to the lateral ventricles,
known as Dawson’s fingers . Susceptibility-sensitive MRI
sequences may demonstrate a small vein coursing centrally
through white matter lesions, the central vein sign, which
improves diagnostic specificity . Paramagnetic rim lesions
are also strongly associated with MS and reflect chronic
active inflammation at the lesion edge . Both findings were
incorporated into selected diagnostic pathways in the
revised criteria as markers that increase diagnostic
specificity. The updated framework also permits the
diagnosis of MS in selected individuals without a previous
typical clinical attack, including some radiologically isolated
presentations, when the required combinations of lesion
distribution and supportive biomarkers are present.

21

22

23

FIGURE 1 – 2024 McDonald criteria for MS
Source: 2024 McDonald criteria  20

Caption: CSF, cerebrospinal fluid; CVS, central vein sign; MRI, magnetic resonance
imaging; MS, multiple sclerosis; OCT optical coherence tomography; VEP, visual evoked
potentials.
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                 Conversely,     findings    such    as    predominantly 
symmetric lesions, meningeal enhancement, superficial
siderosis, poorly defined or crescent-shaped lesions,
hemorrhage, infarction, longitudinally extensive spinal cord
lesions, or relative preservation of the U-fibers are atypical
for MS and should redirect the diagnostic investigation
toward alternative etiologies .24

           Serum glial fibrillary acidic protein is a promising
biomarker for prognostic assessment and disease
monitoring, although its routine clinical use remains limited
by availability and the lack of standardized thresholds .25

                 He   was   diagnosed   with   highly   active   relapsing-
remitting MS, achieved complete symptom resolution within
one week after methylprednisolone, and started natalizumab
after discharge; at one-year follow-up, he had no relapses or
sequelae.
                 Our    patient    showed   the   classic   relapse-and-
remission pattern, consistent with a relapsing-remitting
phenotype. However, MS can present with other variants or
progress to them, to name some :18

Primary progressive form: symptom progression for ≥
1 year without remissions.
Secondary progressive form: similar to primary
progressive form but preceded by a relapsing phase.
Radiologically isolated syndrome: MRI MS lesions
detected incidentally.

Neuromyelitis optica spectrum disorders (NMOSD)

                A 24-year-old woman with juvenile idiopathic arthritis
in long-term remission presented with acute quadriplegia,
hyperreflexia, spasticity, and spontaneous nystagmus (2 weeks),
later complicated by pulmonary septic shock requiring invasive
support. She had prior bilateral visual blurring and
myelopathic symptoms (T8 sensory level, Lhermitte’s sign,
Uhthoff’s phenomenon) plus area postrema syndrome.
                Neuromyelitis optica spectrum disorders (NMOSD),
formerly known Devic syndrome, were long considered a
variant of MS. Their pathogenesis involves a complement-
mediated autoimmune astrocytopathy triggered by
antibodies against aquaporin-4 (AQP4-IgG), expressed on
astrocytic endfeet in the brain, spinal cord, and optic
chiasm, leading to blood-brain barrier disruption,
oligodendrocyte injury, neuronal death, and synaptic
dysfunction .26

        It more often affects asian and afro-descendant
individuals, is nine times more common in women, and
typically begins around age 40. It is frequently associated
with autoimmune disease, particularly connective tissue
diseases . Without treatment, up to 98% develop disabling
cumulative relapses .

27

28

     NMOSD typically presents with optic neuritis,
longitudinally extensive transverse myelitis (LETM), and/or
area postrema syndrome, but may involve brainstem,
cerebral, and diencephalic syndromes,  myeloradiculopathy, 

uveitis, and neuropsychiatric features . Lhermitte’s sign and
Uhthoff’s phenomenon although classically associated with
MS, simply indicate demyelination and don’t reliably
distinguish among CNS-DD .

4

29

                 CSF    was   normal,    limb     electromyoneurography 
supported diffuse demyelination, and MRI revealed
inflammatory demyelinating lesions in the brainstem, occipital
corpus callosum, and throughout the spinal cord. Serum AQP4-
IgG was positive, while CSF OCB and antibodies against myelin
oligodendrocyte glycoprotein (MOG-IgG) were negative.
                 NMOSD   is   diagnosed  using   the  2015  criteria : 4

AQP4-IgG seropositivity with almost any demyelinization is
confirmatory. In seronegative patients, differentiation from
MS is harder and requires stricter criteria (FIGURE 2); In
these cases, MOG-IgG testing is essential to distinguish
NMOSD from myelin oligodendrocyte glycoprotein
antibody-associated disease (MOGAD) .30

FIGURE 2 – Diagnostic flowchart for NMOSD
Source: adapted from NMOSD 2015 diagnostic criteria4 and inspired by the 2024
McDonald criteria flowchart20

Caption: AQP4-IgG, aquaporin-4 immunoglobulin G; CSF, cerebrospinal fluid; LETM,
longitudinally extensive transverse myelitis; MRI, magnetic resonance imaging; NMOSD,
neuromyelitis optica spectrum disorder.

                 AQP4-IgG   is   mainly   produced  extrathecally,  so 
serum testing is preferred. Titers and serostatus do not
correlate with severity or course, therefore serial
monitoring is not recommended. Over 75% of patients are
seropositive; seronegative cases are more often male,
white, younger, and less visually affected . Neurofilament
light chain  and serum/CSF GFAP  are promising
biomarkers.

26,31

32 33
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                 Typical  findings  include  LETM, bilateral extensive 
optic neuritis, chiasmal involvement, area postrema lesions,
and heterogeneous “cloud-like” corpus callosum lesions ;
specific imaging criteria can help distinguish NMOSD from
MS .

34

34

        Hyperacute (< 4 hours) or chronic (> 4 weeks)
presentations are rare; MRI lesions rarely persist > 3
months, and CSF OCB are uncommon. Before diagnosis,
systemic inflammatory diseases, MOGAD, spondylotic
myelopathy, ischemia, nutritional deficiencies, neoplasms
and hereditary neuropathies should be excluded .26

                 After     stabilization     and     NMOSD    confirmation, 
corticosteroids plus azathioprine were started. She was
discharged after two months with lower-limb paraplegia,
reduced visual acuity, and neurogenic bladder, but had no
relapses at one-year follow-up.
     Each NMOSD relapse can be viewed as an
“neuroimmunologic stroke”, often leaving severe, poorly
reversible deficits; however a minority of sequelae arise
from the initial attack, and modern therapies have reduced
their overall frequency .35

Myelin oligodendrocyte glycoprotein antibody-
associated disease (MOGAD)

          A 23-year-old woman with preeclampsia developed
confusion and subacute left arm weakness in the third
postpartum week, progressing within the next day with left
hemiplegia, right facial deviation, and sphincter release. CT
angiography showed nonspecific changes but no vascular
occlusion. She was confused and obtunded.
                 MOGAD  is  a  rare, typically  monophasic  CNS-DD, 
often triggered by viral infections and, less commonly,
vaccination, with no sex predilection and mean onset at age
30. It presents mainly with optic neuritis, LETM, acute
disseminated encephalomyelitis (ADEM), or cortical
encephalitis; relapses are uncommon (often with optic
neuritis) and seroconversion is a potential protective factor
or preditor for relapses . 30

                 MOGAD   is   mediated    by    MOG-IgG,   triggering 
complement activation with T- and B-cell involvement and
neutrophilic/eosinophilic inflammation, leading to
astrocytopathy, demyelination, axonal injury, and blood–
brain barrier disruption; oligodendrocyte cytoskeletal
changes may also contribute via unclear mechanisms .36

                 Pregnancy,    particularly    the     third     trimester, 
increases overall CNS-DD risk, especially NMOSD, possibly
due to increased placental AQP4 expression; links with
MOGAD and other CNS-DD are hypothesized but still
uncertain .37

                 Headache,   visual   prodromes,  optic  disc  edema 
and hemorrhage, and extensive segmental lesions favor
MOGAD over other CNS-DD; conversely, area postrema
syndrome is very rare .38

             MRI showed extensive cerebral demyelinating lesions
with right-sided  mass  effect,  consistent  with  ADEM;  CSF  was

negative for infection but positive for OCB.
                 ADEM  is  an  rare, usually  monophasic  multifocal 
CNS-DD that may be primary or secondary to other CNS-
DD; it predominantly affects children and follows viral
infection (or rarely vaccination). It presents with acute
encephalopathy and multifocal deficits, with MRI showing
reversible, poorly defined demyelinating white-matter
lesions (often involving thalami and basal ganglia). CSF may
show mild pleocytosis and elevated protein, usually without
CSF OCB .39

                 Given  the  lack  of   preceding   infection/vaccination, 
atypical age for primary ADEM, and postive CSF OCB, we
extended the etiologic workup: AQP4-IgG was negative, while
serum MOG-IgG was strongly positive.
                 MOGAD   diagnosis   follows    the   2023    criteria , 5

primarily based on serum MOG-IgG; CSF MOG-IgG testing
help in selected cases (FIGURE 3). MRI features favoring
MOGAD include long-segment optic nerve involvement with
chiasm/tract sparing, perioptic enhancement, deep gray
matter (especially thalamic) signal changes, pontine lesions,
conus involvement and an axial “H-sign” .40

FIGURE 3 – Diagnostic flowchart for MOGAD
Source: adapted from MOGAD 2023 diagnostic criteria  and inspired by the new
McDonald criteria flowchart

5

20

Caption: ADEM, acute disseminated encephalomyelitis; AQP4-IgG, aquaporin-4
immunoglobulin G; CSF, cerebrospinal fluid; MOGAD, MOG antibody-associated disease;
MRI, magnetic resonance imaging; MS, multiple sclerosis; NMOSD, neuromyelitis optica
spectrum disorder.

             She was diagnosed with MOGAD and improved after
methylprednisolone but had mild residual confusion and
hemiparesis, so six plasma exchange sessions were added; she
was discharged without sequelae and remained assintomathyc
at one-year follow-up.
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                In this article, we reviewed the diagnostic approach
to MS, NMOSD, and MOGAD through three illustrative
cases. By integrating clinical presentation, MRI patterns,
cerebrospinal fluid findings, and antibody testing, these
cases highlight both the overlap among CNS-DD and the key
features that support their differentiation. The main clinical,
diagnostic, therapeutic, and outcome data from the three
cases are summarized in TABLE 2.

Aknowledge

                 A  special  thanks  to  Dr. Felipe  da  Rocha Schmidt 
and Dr. Daniel Simplício Torres for the help with all
presented cases and important suggestions for this
manuscript.

CONCLUSION

TABLE 2 – Clinical characteristics, diagnostic findings, treatment, and outcomes of the
three illustrative cases

Caption: ADEM, acute disseminated encephalomyelitis; AQP4-IgG, aquaporin-4
immunoglobulin G; CSF, cerebrospinal fluid; IV, intravenous; MOGAD, MOG antibody-
associated disease; MOG-IgG, myelin oligodendrocyte glycoprotein immunoglobulin G;
MRI, magnetic resonance imaging; MS, multiple sclerosis; NMOSD, neuromyelitis optica
spectrum disorder.

                 Accurate     classification     of     CNS-DD    requires 
integrating the temporal profile, lesion distribution,
laboratory findings, and diagnostic red flags. Early
recognition and exclusion of major mimics are essential to
enable timely specialist assessment, appropriate disease-
specific treatment, and prevention of irreversible disability.
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TABLE S1 – Principal differential diagnoses of multiple sclerosis, AQP4-IgG-positive
NMOSD, and MOGAD

Diagnosing MS, NMOSD, and MOGAD - Supplementary Data
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Caption: ADEM, acute disseminated encephalomyelitis; AQP4-IgG, aquaporin-4 immunoglobulin G;
CADASIL, cerebral autosomal dominant arterioDpathy with subcortical infarcts and leukoencephalopathy;
CLIPPERS, chronic lymphocytic inflammation with pontine perivascular enhancement responsive to
steroids; CNS, central nervous system; CRMP5, collapsin response mediator protein 5; CSF, cerebrospinal
fluid; GFAP, glial fibrillary acidic protein; HAM/TSP, HTLV-1-associated myelopathy/tropical spastic
paraparesis; HTLV-1, human T-lymphotropic virus type 1; LHON, Leber hereditary optic neuropathy;
MOGAD, MOG antibody-associated disease; MRI, magnetic resonance imaging; MS, multiple sclerosis;
NMOSD, neuromyelitis optica spectrum disorder; PCR, polymerase chain reaction.

TABLE S2 - Overview of acute and long-term treatment of MS, AQP4-IgG-positive NMOSD,
and MOGAD

Caption: This table provides a simplified therapeutic overview and is not intended to replace individualized
specialist assessment. Treatment selection should consider attack severity, recovery, disease course,
comorbidities, safety, local availability, and patient preferences. AQP4-IgG, aquaporin-4 immunoglobulin G;
MOGAD, MOG antibody-associated disease; MS, multiple sclerosis; NMOSD, neuromyelitis optica spectrum
disorder.
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	scientific content generation were performed using artificial intelligence. All authors reviewed and approved the final manuscript and assume full responsibility for its content.

	Ethical considerations
	The study was approved by Hospital Universitário Pedro Ernesto, Universidade do Estado do Rio de Janeiro Research Ethics Committee (approval number: 8.425.125; CAAE: 97943626.0.0000.5259). Written informed consent for participation was obtained from each patient. All data were handled in accordance with the Declaration of Helsinki.

	Overview
	Most CNS-DD present abruptly, peak within hours to days, and remit over weeks. Lesions are initially focal, often involving the optic nerve, brainstem, cerebellar pathways, and/or spinal cord, but may become multifocal over time. Systemic symptoms are uncommon and should prompt evaluation for alternative diagnoses (e.g., infection, malignancy, paraneoplastic syndromes)².
	The diagnostic workup should begin by confirming demyelination and characterizing the magnetic resonance imaging (MRI) pattern on brain and neuroaxis imaging 3–5. Cerebrospinal fluid (CSF) analysis is recommended in most suspected cases and should ideally be obtained before treatment to minimize false-negative results.

	Diferential diagnosis
	The   differential  diagnosis  of CNS-DD  should  be
	guided by the temporal profile, predominant neurological syndrome, MRI lesion distribution, cerebrospinal fluid findings, and associated systemic manifestations. Encephalopathy, meningeal symptoms, marked pleocytosis, hypoglycorrhachia, fever, or constitutional features suggest infectious, granulomatous, or systemic autoimmune disorders, whereas hyperacute onset, diffusion restriction, hemorrhage, or vascular-territory lesions favor vascular causes.
	Progressive myelopathy with cord compression, perimedullary flow voids, symmetric tract involvement, metabolic risk factors, mass-like, persistently enhancing lesions, steroid dependence or progressive deterioration may indicate structural, vascular, nutritional, hereditary or neoplasic etiologies. Key distinguishing features of these conditions are summarized in Supplementary Data – TABLE S1.

	Therapeutic implications
	Although a comprehensive discussion of treatment is  beyond  the  scope   of   this   review,   acute   attacks   are      generally     managed    with   high-dose   intravenous
	corticosteroids, with plasma exchange therapy reserved for severe or refractory cases. Subsequent treatment differs among disorders: MS requires individualized disease-modifying and NMOSD generally requires relapse-prevention therapy. In MOGAD, maintenance immunotherapy  is  individualized  and  usually  reserved for patients with relapsing course or substantial disability risk6–8.
	Timely recognition and accurate differentiation are therefore essential, as delays may postpone rescue therapy and misclassification may lead to inappropriate long-term treatment, particularly in NMOSD and relapsing MOGAD, in which recurrent attacks may result in substantial and sometimes irreversible disability7,8. Further treatment details are avaible on Supplementary Data – TABLE S2.

	Multiple sclerosis (MS)
	A    previously    healthy    23-year-old    man     was admitted   with   a   one-week   history   of   painless   horizontal
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	binocular diplopia. He reported prior lower-limb and anterior thoracic paresthesias that resolved spontaneously within two weeks.
	MS is the most prevalent chronic inflammatory demyelinating disease of the CNS. Its biology involves adaptive and innate immune mechanisms, including T cells, B cells, and activated microglia9–11. It typically begins in early adulthood, is more common in women and white individuals (although it may follow a more severe course in non-white populations), and most often presents as a relapsing-remitting phenotype.
	Most patients have evidence of prior Epstein–Barr virus infection, supporting a possible, although not yet fully established, causal relationship12. Vitamin D deficiency13 and smoking14 are well-established risk factors, whereas childhood or adolescent obesity15 and intestinal dysbiosis16 remain under investigation.
	Clinical presentation is variable, but typical attacks normaly include unilateral optic neuritis, partial myelitis, focal supratentorial syndromes, and focal brainstem or cerebellar syndromes lasting more than 24 hours17. Features that should prompt reconsideration of the diagnosis include a hyperacute onset, complete or bilateral visual loss with poor recovery, longitudinally extensive myelitis, prominent systemic inflammation, multiple cranial neuropathies, meningismus, or symptoms that cannot be localized to a focal CNS lesion18.
	Although   male,  our  patient   had   clinical   features
	suggestive of MS; he was eutrophic, reported childhood infectious mononucleosis, and had low vitamin D levels. MRI showed multiple ovoid T2/FLAIR-hyperintense lesions in periventricular, juxtacortical, callosal, and infratentorial regions, some with T1 black holes, and CSF analysis was positive for oligoclonal bands (OCB).
	MS  was  traditionally  diagnosed  according to  the
	2017 McDonald criteria19, which required evidence of dissemination in space and time. The 2024 revision, published in 2025, substantially expanded this framework3 (FIGURE 1). Dissemination in space continues to rely on the presence of typical lesions affecting at least two distinct CNS regions, but the optic nerve is now recognized as a fifth anatomical location. Optic nerve involvement may be demonstrated by MRI or by optical coherence tomography or visual evoked potentials, the latter two of which were not reconized in the 2017 criteria.
	As in the last criteria, evidence of dissemination in time may still be substituted by evidence of intrathecal immune activity, demonstrated by either CSF-restricted oligoclonal bands or an elevated kappa free light-chain index; however, the 2024 revision also introduced an additional pathway in selected clinical settings, allowing dissemination in time to be waived when at least four of the five typical anatomical locations are involved.
	Carefull evaluation and exclusion of alternative diagnoses, including other CNS demyelinating disorders, vascular diseases, and compressive spinal cord lesions, are still strongly recommended and should always be evaluated, specially when oligoclonal bands are absent.
	On MRI, MS lesions classically predominate in the periventricular white matter and frequently appear as ovoid lesions oriented perpendicular to the lateral ventricles, known as Dawson’s fingers21. Susceptibility-sensitive MRI sequences may demonstrate a small vein coursing centrally through white matter lesions, the central vein sign, which improves diagnostic specificity22. Paramagnetic rim lesions are also strongly associated with MS and reflect chronic active inflammation at the lesion edge23. Both findings were incorporated into selected diagnostic pathways in the revised criteria as markers that increase diagnostic specificity. The updated framework also permits the diagnosis of MS in selected individuals without a previous typical clinical attack, including some radiologically isolated presentations, when the required combinations of lesion distribution and supportive biomarkers are present.
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	Conversely,     findings    such    as    predominantly
	symmetric lesions, meningeal enhancement, superficial siderosis, poorly defined or crescent-shaped lesions, hemorrhage, infarction, longitudinally extensive spinal cord lesions, or relative preservation of the U-fibers are atypical for MS and should redirect the diagnostic investigation toward alternative etiologies24.
	Serum glial fibrillary acidic protein is a promising biomarker for prognostic assessment and disease monitoring, although its routine clinical use remains limited by availability and the lack of standardized thresholds25.
	He   was   diagnosed   with   highly   active   relapsing-
	remitting MS, achieved complete symptom resolution within one week after methylprednisolone, and started natalizumab after discharge; at one-year follow-up, he had no relapses or sequelae.
	Our    patient    showed   the   classic   relapse-and-
	remission pattern, consistent with a relapsing-remitting phenotype. However, MS can present with other variants or progress to them, to name some18:
	Primary progressive form: symptom progression for ≥ 1 year without remissions.
	Secondary progressive form: similar to primary progressive form but preceded by a relapsing phase.
	Radiologically isolated syndrome: MRI MS lesions detected incidentally.

	Neuromyelitis optica spectrum disorders (NMOSD)
	A 24-year-old woman with juvenile idiopathic arthritis in long-term remission presented with acute quadriplegia, hyperreflexia, spasticity, and spontaneous nystagmus (2 weeks), later complicated by pulmonary septic shock requiring invasive support. She had prior bilateral visual blurring and myelopathic symptoms (T8 sensory level, Lhermitte’s sign, Uhthoff’s phenomenon) plus area postrema syndrome.
	Neuromyelitis optica spectrum disorders (NMOSD), formerly known Devic syndrome, were long considered a variant of MS. Their pathogenesis involves a complement-mediated autoimmune astrocytopathy triggered by antibodies against aquaporin-4 (AQP4-IgG), expressed on astrocytic endfeet in the brain, spinal cord, and optic chiasm, leading to blood-brain barrier disruption, oligodendrocyte injury, neuronal death, and synaptic dysfunction26.
	It more often affects asian and afro-descendant individuals, is nine times more common in women, and typically begins around age 40. It is frequently associated with autoimmune disease, particularly connective tissue diseases27. Without treatment, up to 98% develop disabling cumulative relapses28.
	NMOSD typically presents with optic neuritis, longitudinally extensive transverse myelitis (LETM), and/or area postrema syndrome, but may involve brainstem, cerebral, and diencephalic syndromes,  myeloradiculopathy,
	uveitis, and neuropsychiatric features4. Lhermitte’s sign and Uhthoff’s phenomenon although classically associated with MS, simply indicate demyelination and don’t reliably distinguish among CNS-DD29.
	CSF    was   normal,    limb     electromyoneurography
	supported diffuse demyelination, and MRI revealed inflammatory demyelinating lesions in the brainstem, occipital corpus callosum, and throughout the spinal cord. Serum AQP4-IgG was positive, while CSF OCB and antibodies against myelin oligodendrocyte glycoprotein (MOG-IgG) were negative.
	NMOSD   is   diagnosed  using   the  2015  criteria4:
	AQP4-IgG seropositivity with almost any demyelinization is confirmatory. In seronegative patients, differentiation from MS is harder and requires stricter criteria (FIGURE 2); In these cases, MOG-IgG testing is essential to distinguish NMOSD from myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD)30.
	AQP4-IgG   is   mainly   produced  extrathecally,  so
	serum testing is preferred. Titers and serostatus do not correlate with severity or course, therefore serial monitoring is not recommended. Over 75% of patients are seropositive; seronegative cases are more often male, white, younger, and less visually affected26,31. Neurofilament light chain32 and serum/CSF GFAP33 are promising biomarkers.
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	Typical  findings  include  LETM, bilateral extensive
	optic neuritis, chiasmal involvement, area postrema lesions, and heterogeneous “cloud-like” corpus callosum lesions34; specific imaging criteria can help distinguish NMOSD from MS34.
	Hyperacute (< 4 hours) or chronic (> 4 weeks) presentations are rare; MRI lesions rarely persist > 3 months, and CSF OCB are uncommon. Before diagnosis, systemic inflammatory diseases, MOGAD, spondylotic myelopathy, ischemia, nutritional deficiencies, neoplasms and hereditary neuropathies should be excluded26.
	After     stabilization     and     NMOSD    confirmation,
	corticosteroids plus azathioprine were started. She was discharged after two months with lower-limb paraplegia, reduced visual acuity, and neurogenic bladder, but had no relapses at one-year follow-up.
	Each NMOSD relapse can be viewed as an “neuroimmunologic stroke”, often leaving severe, poorly reversible deficits; however a minority of sequelae arise from the initial attack, and modern therapies have reduced their overall frequency35.

	Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD)
	A 23-year-old woman with preeclampsia developed confusion and subacute left arm weakness in the third postpartum week, progressing within the next day with left hemiplegia, right facial deviation, and sphincter release. CT angiography showed nonspecific changes but no vascular occlusion. She was confused and obtunded.
	MOGAD  is  a  rare, typically  monophasic  CNS-DD,
	often triggered by viral infections and, less commonly, vaccination, with no sex predilection and mean onset at age 30. It presents mainly with optic neuritis, LETM, acute disseminated encephalomyelitis (ADEM), or cortical encephalitis; relapses are uncommon (often with optic neuritis) and seroconversion is a potential protective factor or preditor for relapses30.
	MOGAD   is   mediated    by    MOG-IgG,   triggering
	complement activation with T- and B-cell involvement and neutrophilic/eosinophilic inflammation, leading to astrocytopathy, demyelination, axonal injury, and blood–brain barrier disruption; oligodendrocyte cytoskeletal changes may also contribute via unclear mechanisms36.
	Pregnancy,    particularly    the     third     trimester,
	increases overall CNS-DD risk, especially NMOSD, possibly due to increased placental AQP4 expression; links with MOGAD and other CNS-DD are hypothesized but still uncertain37.
	Headache,   visual   prodromes,  optic  disc  edema
	and hemorrhage, and extensive segmental lesions favor MOGAD over other CNS-DD; conversely, area postrema syndrome is very rare38.
	MRI showed extensive cerebral demyelinating lesions with right-sided  mass  effect,  consistent  with  ADEM;  CSF  was
	negative for infection but positive for OCB.
	ADEM  is  an  rare, usually  monophasic  multifocal
	CNS-DD that may be primary or secondary to other CNS-DD; it predominantly affects children and follows viral infection (or rarely vaccination). It presents with acute encephalopathy and multifocal deficits, with MRI showing reversible, poorly defined demyelinating white-matter lesions (often involving thalami and basal ganglia). CSF may show mild pleocytosis and elevated protein, usually without CSF OCB39.
	Given  the  lack  of   preceding   infection/vaccination,
	atypical age for primary ADEM, and postive CSF OCB, we extended the etiologic workup: AQP4-IgG was negative, while serum MOG-IgG was strongly positive.
	MOGAD   diagnosis   follows    the   2023    criteria5,
	primarily based on serum MOG-IgG; CSF MOG-IgG testing help in selected cases (FIGURE 3). MRI features favoring MOGAD include long-segment optic nerve involvement with chiasm/tract sparing, perioptic enhancement, deep gray matter (especially thalamic) signal changes, pontine lesions, conus involvement and an axial “H-sign”40.
	She was diagnosed with MOGAD and improved after methylprednisolone but had mild residual confusion and hemiparesis, so six plasma exchange sessions were added; she was discharged without sequelae and remained assintomathyc at one-year follow-up.
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	CONCLUSION
	In this article, we reviewed the diagnostic approach to MS, NMOSD, and MOGAD through three illustrative cases. By integrating clinical presentation, MRI patterns, cerebrospinal fluid findings, and antibody testing, these cases highlight both the overlap among CNS-DD and the key features that support their differentiation. The main clinical, diagnostic, therapeutic, and outcome data from the three cases are summarized in TABLE 2.
	Accurate     classification     of     CNS-DD    requires
	integrating the temporal profile, lesion distribution, laboratory findings, and diagnostic red flags. Early recognition and exclusion of major mimics are essential to enable timely specialist assessment, appropriate disease-specific treatment, and prevention of irreversible disability.
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