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Inflammatory myelopathies can manifest with a combination of motor,
sensory and autonomic dysfunction of variable severity. Depending on the
underlying etiology, the episodes of muyelitis can recur, often leading to
irreversible spinal cord damage and major long-term disability. Three main
demyelinating disorders of the central nervous system, namely multiple
sclerosis (MS), aquaporin-4-1gG-positive neuromyelitis optica spectrum
disorders (AQP4+NMOSD) and myelin oligodendrocyte glycoprotein-IgG
associated disease (MOGAD), can induce spinal cord inflammation through
different pathogenic mechanisms, resulting in a more or less profound
disruption of spinal cord integrity. This ultimately translates into distinctive
clinical-MRI features, as well as distinct patterns of disability accrual, with a
step-wise worsening of neurological function in MOGAD and AQP4+NMOSD,
and progressive disability accrual in MS. Early recognition of the specific
etiologies of demyelinating myelitis and initiation of the appropriate treatment
is crucial to improve outcome. In this review article we summarize and
compare the clinical and imaging features of spinal cord involvement in these
three demyelinating disorders, both during the acute phase and over time, and
outline the current knowledge on the expected patterns of disability accrual
and outcomes. We also discuss the potential implications of these observations
for patient management and counseling.
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Introduction

Inflammatory myelopathies or myelitis are a common
manifestation of several inflammatory demyelinating disorders
of the central nervous system (CNS) and often represent major
contributors to neurological disability (1). It is now recognized
that the distinct pathophysiological mechanisms underlying
these disorders lead to different patterns of spinal cord damage
and accrual of neurological deficits (2-4). In multiple sclerosis
(MS), the most common demyelinating CNS disorder, recovery
from acute myelitis attacks is typically complete or nearly
complete, but patients may develop secondary progressive
disability over time often in the form of a progressive
myelopathy and likely as a long-term consequence of spinal
cord damage. Conversely, in neuromyelitis optica spectrum
disorder associated with antibodies to the aquaporin-4 water
channel (AQP4+NMOSD), and in myelin oligodendrocyte
glycoprotein-IgG associated disease (MOGAD), neurological
deficits are mainly the result of incomplete recovery from
clinical attacks, with a more favorable outcome generally
observed in patients with MOGAD. In addition, there is a
proportion of presumed demyelinating myelitis for which a
clear etiology cannot be identified, and pathophysiology and
outcomes remain less clear (5, 6). These include idiopathic
inflammatory myelopathies that can occur in isolation (variably
referred to as idiopathic transverse myelitis, or idiopathic
myelitis) or in the context of etiologically less characterized CNS
inflammatory syndromes (e.g., seronegative acute disseminated
encephalomyelitis). Lastly, there is a number of less common
causes of spinal cord inflammation where demyelination does
not represent the main pathophysiologic event (i.e., non-
demyelinating myelitis). These include spinal cord sarcoidosis
(7, 8), paraneoplastic myelopathies (9), myelitis associated with
glial fibrillary acidic protein (GFAP)-IgG (10), and myelitis
associated to systemic immune-mediated disorders (e.g., Behcet,
systemic lupus erythematosus) (11, 12). A detailed description
of the characteristics of non-demyelinating inflammatory
myelopathies is beyond the scope of this article, but it has
extensively been reviewed elsewhere (1, 13, 14). In this review we
will summarize the current knowledge of the myelitis associated
with the three most well-characterized demyelinating CNS
disorders, namely MS, AQP4+NMOSD and MOGAD, describe
their clinical and imaging features and discuss the short- and
long-term outcomes.

Clinical-MRI manifestations

In patients with suspected demyelinating myelitis, a
thorough evaluation of the clinical-MRI characteristics is crucial
to orient the diagnostic work-up, reduce the risk of misdiagnosis,
and promptly initiate the most appropriate treatment. This is
particularly relevant in AQP44+NMOSD and MOGAD, where
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antibody testing is needed to confirm the diagnosis, but often
not readily available. In these cases, a correct assessment of
the patient with myelitis based on symptoms severity and
MRI findings can guide the type and timing of empiric
immunotherapy while waiting for antibody testing results.
Tables 1, 2 summarize the main clinical, laboratory and MRI
features of patients with AQP4-+NMOSD, MS, and MOGAD.

Clinical features of acute myelitis attacks

Various combination of subacute motor, sensory and
autonomic dysfunction are the clinical correlates of spinal
cord inflammatory lesions. Myelitis symptoms in demyelinating
syndromes typically develop subacutely, reaching the nadir
between days to few weeks (15), are followed by a phase of
plateau/stability, and a subsequent variable extent of recovery.
Worsening of neurological deficits beyond three/four weeks
is uncommon, and should prompt consideration of different
etiologies, including sarcoidosis, malignancy, metabolic or
paraneoplastic myelopathies (13, 16).

The typical manifestation of spinal cord involvement in MS
is a partial transverse myelitis. Due to frequent involvement
of the posterior columns and the cervical spinal segments,
predominant sensory symptoms are common, most frequently
numbness or paresthesia’s, while complete sensory loss is
rare. A sensory level can be detected that can be unilateral
(e.g., hemi-chest or hemi-abdomen) or bilateral, depending
on the location of MS myelitis lesions. The characteristic
Lhermitte’s sign (an electrical sensation that radiates down the
spine or into the extremities triggered by neck flexion) can
be observed both acutely and after the acute phase of the
myelitis, likely due to demyelinating lesions along the dorsal
columns. Motor symptoms, when present, are more commonly
unilateral (e.g., lower limb monoparesis with thoracic lesions,
upper limb or hemiparesis with cervical lesions), sometimes
associated with sensory symptoms to configure a more or
less complete syndrome of hemicord injury (Brown-Séquard
syndrome). The McArdle’s sign (rapidly reversible weakness
induced by neck flexion) can also be observed in patients with
MS (17). Autonomic deficits are also common, often in the
form of bowel/bladder dysfunction with urge, incontinence,
constipation/retention, and/or erectile dysfunction in men.
The severity of these symptoms in MS is typically mild to
moderate, and wheelchair dependence or requirement for
bladder catheterization are rare following a single attack, even at
symptoms nadir (18, 19). Not infrequently, spinal cord lesions
are detected in patients with MS undergoing MRI evaluation for
symptoms in other CNS locations, suggesting that spinal cord
lesions can be either asymptomatic or pauci-symptomatic at the
time of their first development (20, 21). The episodes of myelitis
in MS can be clinically isolated or occur in conjunction with
symptoms attributable to other CNS locations or asymptomatic
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TABLE 1 Clinical and CSF findings in patients with AQP4-1gG-positive neuromyelitis optica spectrum disorders (AQP4+NMOSD),

MOG-IgG-associated disease (MOGAD), and multiple sclerosis (MS).

AQP4+NMOSD MOGAD MS
Demographics
Typical age at first myelitis 40 20-40 20-40
Sex (F:M) 9:1 1:1 3:1

Ethnicity

Clinical features
Antecedent
infection/immunization

Disease course

Myelitis symptoms*
Weakness

Sensory disturbances
Trunk sensory level
Bowel/bladder dysfunction
Erectile dysfunction in men
EDSS > 7 at myelitis nadir
Recovery from myelitis
attacks

Need for gait aid long term
Extra spine manifestations
Optic neuritis

Area postrema syndrome
Encephalopathy

Focal brain symptoms

CSF findings acutely
Oligoclonal bands

White cell count > 5/l
White cell count > 50/l

Any; African-American/Afro-
Caribbean, and Asian more

affected

Rare

Relapsing (>95%); a

progressive course is rare

>70%

>70%

Common (typically complete)
50-60%

10-20%

30%

Often incomplete

40%

4+
++
+ /-
+1/-

<15% (transient)
>50%
20-50%

Any; Unclear Ethnic differences

Common

Monophasic (50%) or relapsing (50%); a

progressive course is rare

>70%
>70%

Common (typically complete)

Any; Caucasian more affected

Rare

Relapsing (85%) or progressive from
onset (15%); relapsing patient may

develop secondary progression

40-50%
>90%

Common (typically partial)

60-80% 40-50%

>50% Rare

30% Rare

Generally good Generally good
5-10% 10-15%
+++ ++

+/- Rare

++ Rare

+ ++

<15% (transient)
>50%
20-50%

>85% (persistent)
20-30%

Rare

CSE, cerebrospinal fluid; EDSS, expanded disability status scale-score.

“The frequency of symptoms is estimated considering the first myelitis episode to avoid biases due to spinal cord damage accumulation from multiple myelitis attacks.

brain lesions on brain MRI. In patients presenting with clinically
isolated spinal cord involvement suggestive of MS (also see
“Spine MRI features” below), a regular brain MRI follow-up is
recommended as the occurrence of new asymptomatic brain
lesions over time allows fulfillment of the MS diagnostic criteria.
The probability of subsequent “conversion” to MS is higher in
patients with CSF-restricted oligoclonal bands (OCB) and/or
multifocal spinal cord involvement (5, 22, 23). It remains unclear
whether those patients manifesting with persistent isolated
spinal cord involvement, and thus never fulfilling MS diagnostic
criteria, experience a limited form of the disease, or represent
instead expression of an entirely distinct disease entity (5, 23,
24).
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In contrast to MS, the massive inflammation associated with
attacks in AQP4+NMOSD is responsible for severe, typically
complete spinal cord impairment (complete transverse myelitis).
Motor deficits are frequently bilateral, manifesting as severe
para- or quadriparesis, and are commonly associated with
sensory loss below the level of the spinal cord lesion (complete
trunk sensory level), sphincter and erectile dysfunction. Back
pain is frequently reported at presentation, typically at the
level of the lesion (25, 26). Pruritus has been reported in up
to 27% of patients with myelitis, and can be the presenting
symptom during an attack (27). Paroxysmal tonic spasms
(recurrent episodes of painful contractions of the trunk or
extremities, lasting seconds to minutes that can be triggered
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TABLE 2 Spinal cord MRI abnormalities in patients with AQP4-1gG-positive neuromyelitis optica spectrum disorders (AQP4+NMOSD),

MOG-IgG-associated disease (MOGAD), and multiple sclerosis (MS).

AQP4+NMOSD MOGAD MS
Spinal cord MRI
Longitudinally extensive >85% 80% Rare
sagittal T2 lesions*
>2 cord lesions Uncommon 40-50% 50-60%
Axial T2 abnormalities Holo-cord Holo-cord Peripheral lesions, typically dorsal or lateral
H-sign
Acute T1 hypointensity Common Rare Rare

Gadolinium enhancement

>90%; patchy or

acutely ring-like
Conus medullaris 10-15%
involvement

Acute MRI initially normal Rare
Follow-up MRI

T2-lesion resolution Rare

New asymptomatic T2 lesions Rare
Residual T1 hypointensity Uncommon
Persistent gadolinium Rare

enhancemet > 6 month

Atrophic evolution of lesions

Common, diffuse

50%; generally

>80%; nodular or ring-like

nonspecific

30-40% 5-30%

~10% Rare

50-80% Rare

Rare Common**

Rare Rare

Rare Rare

Rare Common, focal lesion atrophy

">3 contiguous vertebral body segments.

™ Although the occurrence of new asymptomatic lesions is common in MS, its frequency is strongly reduced in patients receiving highly effective disease modifying therapies.

by movement or hyperventilation) are described in 25-40%
of patients and are characteristic in AQP4+NMOSD, usually
developing weeks after the acute myelitis (25, 28). The myelitis
episodes are frequently debilitating at nadir (EDSS > 3 in
over 50% of cases, EDSS > 7 in over 30%) (26, 29, 30),
can manifest with respiratory failure requiring ventilatory
support in up to 2% of patients, due to severe cervical
myelitis, and be lethal in a minority of cases (31, 32).
In up to 4% of cases, the myelitis episodes are associated
with concomitant optic neuritis (ON, often bilateral), and
around 12% of cases present with simultaneous brainstem
manifestations, typically in the form of intractable nausea,
vomiting or hiccups lasting more than 48 hours (ie., area
postrema syndrome) (26, 33, 34), although symptomatic brain
lesions are also possible (35, 36). A recent retrospective
review including over 600 subjects with AQP4+NMOSDs
from Denmark, Germany, South Korea, United Kingdom,
United States, and Thailand, identified race-related differences
in attacks severity, with nadir EDSS score >6.0 (unilateral
assistance necessary for ambulation) at onset occurring more
frequently in Afro-American/Afro-European subjects (58%) as
compared to Asian (46%) and Caucasians (38%) (p = 0.005)
(33). This data need to be confirmed and can be related to socio-
economic differences, different access to treatment and timing
of treatment initiation.
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Myelitis attacks in MOGAD are also frequently
severe at nadir, approaching the disability observed in
AQP4+NMOSD attacks (EDSS > 7 in over 30%) (19, 26, 29).
Motor and sensory symptoms are usually bilateral, and
accompanied by bladder dysfunction (usually urinary retention
requiring catheterization), neurogenic bowel, and/or erectile
dysfunction. Characteristic of MOGAD myelitis compared
to AQP4+NMOSD is a greater frequency of sphincter
dysfunction likely due to a more frequent involvement of the
lower portions of the spinal cord (26). The requirement for
mechanical ventilation has been reported in 3% of cases, but
in contrast to AQP4+NMOSD where it was secondary to
severe cervical involvement, respiratory failure in subjects with
MOGAD was more commonly due to profound encephalopathy
and seizures (typically in the context of acute disseminated
encephalomyelitis) (31). Tonic spasms and severe neuropathic
pain associated with myelitis are less common compared to
AQP4+NMOSD (28). Isolated MOGAD myelitis is the second
most frequent phenotype in adults, accounting for around 30%
of presentations, while it accounts for 11% of cases in children.
An additional 7% of adult and 6% of pediatric cases present with
myelitis in association with concomitant ON, and 6% of adults
and 18% of children report myelitis symptoms in the context of
ADEM or multifocal CNS involvement without encephalopathy,
although the frequency of asymptomatic spinal cord lesions in
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MOGAD AQP4+NMOSD

MS

FIGURE 1

Schematic representation of myelitis lesion location and gadolinium enhancement patterns on spinal cord MRI in AQP4-1gG-positive

neuromyelitis optica spectrum disorder (AQP4+NMOSD), MOG-IgG associated-disease (MOGAD), and multiple sclerosis (MS). Sagittal T2 (A)
and T1 post-gadolinium (B) MRI images (left half); and axial T2 (C1,D1,E1) and T1 post-gadolinium (C2,D2,E2) images (right half) are
schematically represented. Patients with AQP4-+NMOSD myelitis typically show a single longitudinally extensive lesion in the cervical spinal cord
[(A) upper part] with extensive parenchymal involvement axially (C1) on T2 weighted sequences. These lesions typically show gadolinium
enhancement during attacks, often at the periphery of the T2 lesion with a ring-like pattern axially (C2) or “elongated ring” when appreciated on
sagittal images [(B) upper part]l. In MOGAD, myelitis lesions can affect any spinal cord level with similar frequency. Short and longer T2-lesions
can coexist (not shown) [(A) central part]; while acute lesion enhancement is absent in ~50% of cases [(B) central part, (D2)] and when present is
often nonspecific. On axial images, T2 abnormalities often predominantly involve the central gray matter (H-sign) (D1). Lastly, MS myelitis
lesions are typically short on sagittal T2 images [(A) bottom part], often showing ring or nodular/ovoid enhancement during acute attacks [(B)
bottom part, (E2)]. On axial images, T2 lesions typically affect the periphery of the spinal cord along the dorsal or lateral columns that clinically
results in a “partial transverse myelitis” (E1). All three diseases can involve the entire spinal cord, and different lesion locations in this figure are

intended for graphic purposes.

these contexts can be higher (20, 26, 34, 37-41). A prodromal
infection or vaccination are common before MOGAD attacks,
described in up to 57% of cases, usually consisting in variable
combinations of rhinorrhea, sore throat, low-grade fever,
malaise, and cough (19). Some patients can present with flaccid
are flexia due to involvement of the anterior horns, resembling
acute flaccid myelitis (19). Intractable nausea or vomiting can be
observed in the context of ADEM, but they are rarely observed
in isolation and, in contrast to AQP4+NMOSD, are not usually
associated with presence of discrete lesions in the area postrema
(42, 43).

Spine MRI features during acute attacks

MRI provides essential clues for the differential diagnosis
of inflammatory myelopathies, and by virtue of being readily
available before the results of antibody testing, it is key in guiding
the first treatment decisions. Figure 1 schematically shows
the typical location and gadolinium enhancement patterns

Frontiersin Neurology

05

of different demyelinating lesions on spinal cord MRI, and
representative MRI images are shown in Figure 2.

The typical imaging features of MS-associated myelitis are
short T2-lesions defined as spanning <3 vertebral segments
(usually extending over <2 vertebral segments), single
or multiple, with preferential involvement of the cervical
segment (although any level can potentially be affected) (44).
Longitudinally extensive lesions (spanning >3 contiguous
vertebral body segments) accompanying the myelitis (also
known as longitudinally extensive transverse myelitis or LETM)
are extremely rare and should prompt considering alternative
etiologies. Of note, the confluence of a large number of short
contiguous lesions can sometimes resemble a LETM on sagittal
images, but careful assessment of lesions on axial views allows
to distinguish the individual discrete short lesions (20, 45); also
hazy T2-hyperintensity can be noted, particularly in chronic
MS and individual discrete T2-lesions may be difficult to
identify. While the occurrence of LETM has previously been
reported in up to 17% of children with MS, this proportion did
not exceed 5% in a pediatric MS cohort where MOGAD was
carefully excluded (20). On axial views, lesions are typically
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FIGURE 2

Typical MRI findings in patients with myelitis associated with AQP4-IgG-positive neuromyelitis optica spectrum disorder (AQP44+-NMOSD),
MOG-1gG associated disease (MOGAD), and multiple sclerosis (MS). A typical longitudinally extensive T2-lesion affecting the cervical spinal cord
in a patient with AQP4+NMOSD is evident on sagittal images (A1), with peripheral enhancement after gadolinium administration—"elongated
ring” enhancement (A2). Axially, the T2 lesion involves the majority of the spinal cord (A3). In patients with MOGAD myelitis, involvement of the
conus medullaris by the longitudinally extensive T2 lesions (B1) is significantly more common compared to NMOSD, with accompanying patchy
or nonspecific enhancement in about half of cases (B2). On axial T2 images, a predominant involvement of the central gray matter is common
forming a H-sign (B3). Lastly, MS myelitis T2 lesions are typically short on sagittal images (C1) and peripherally located along the dorsal (C3) or
lateral columns axially. After gadolinium administration, lesion enhancement can be nodular (C2) or ring-like.

wedge shaped, located at the periphery of the spinal cord, with
predilection for the posterior and lateral columns (44). Although
most MS lesions involve a combination of spinal cord white
and gray matter, the presence of lesions restricted to the spinal
cord white matter is highly suggestive for MS as compared to
other demyelinating etiologies (20). Lesions hyperintense on
T2-weighted sequences are typically isointense on conventional
T1-weighted images (46), but T1-hypointensity can be observed
at high field strength (47) or with specific sequences (e.g.,
3D-Phase Sensitive Inversion Recovery, 3D-PSIR) (48). Acute
spinal cord lesions typically enhance after administration of
gadolinium, although less frequently than brain lesions, and can
demonstrate nodular or ring enhancement within the spinal
cord (49).

Several elements differentiate the typical imaging features
of AQP4+NMOSD from MS. A single, longitudinally extensive
lesion (i.e., spanning over three or more vertebral segments)
is observed in over 80% of cases (50), but lesions may appear
short in ~14% of cases, particularly when imaged during
the phase of development or resolution (33, 51-53). During
myelitis attacks, T1-hypointensity can be observed even with
conventional sequences, in contrast to the typical T1 isointensity
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observed in MS or MOGAD spinal cord lesions (54). Lesions
in AQP4-+NMOSD predominantly appear centrally located on
axial views. Cervical lesions may sometimes extend rostrally
to involve the medulla and, although this can also be seen
with longitudinally-extensive T2-lesions of other etiologies,
the coexistence of spinal cord dysfunction and intractable
nausea/vomiting with from area postrema involvement is highly
suggestive for AQP4+NMOSD (55). Tumefactive enlargement
of the spinal cord is relatively frequent during the acute
phase (50), and can be followed by cavitation and necrosis in
cases of severe disease. Gadolinium enhancement is present in
almost all myelitis lesions acutely, with variable patterns but
typically localizing at lesion margin, with ring or elongated
ring enhancement pattern observed in about 30% of cases
(46). A characteristic imaging finding is the presence of bright
spotty lesions, defined as areas of higher T2-yperintensity
within the spinal cord lesion that are comparable to the
signal intensity of the cerebrospinal fluid (CSF) (56, 57).
This finding has shown specificity for AQP4+NMOSD of
94% [95% CI (85.6-97.7)] vs. a range of inflammatory and
non-inflammatory myelopathies, and a sensitivity of 40%
[95% CI (19.8-64.3)] (58).
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The imaging features of myelitis in MOGAD have been
well delineated during the last few years. Similarly to
AQP4+NMOSD, lesions are typically longitudinally extensive,
but short lesions are detected in over one fourth of subjects,
often in combination with LETM (20, 26). Lesions can involve
most of the spinal cord length, spanning over a median of 7
vertebral segments in adults and 10 segments in children in
some studies (20, 26). In up to 10% of MOGAD cases presenting
with clinical features of myelitis, the initial spinal cord MRI
does not demonstrate parenchymal T2-signal abnormalities or
enhancement (59). In these patients with initially negative MRI,
spinal cord abnormalities may appear on subsequent scans
obtained after a few days. The most characteristic imaging
feature in MOGAD myelitis is the prominent involvement of
the ventral spinal cord on sagittal images (ventral sagittal line),
and of the spinal cord gray matter axially, which configures
the so called H-sign (19). The H-sign has been reported
in 30-60% of MOGAD myelitis, and helps in distinguishing
MOGAD from AQP4+NMOSD, where it is observed in
33% of cases, and particularly MS, where its occurrence is
exceptionally rare (19, 20). Gray matter involvement can be
associated with surrounding fainter white matter hyperintensity,
particularly in the central portion of the lesion, while the
gray matter hyperintensity is more prominent at the upper
and lower extremities (20). Although the upper spinal cord
segments are frequently involved, a more frequent involvement
of the conus can help distinguishing MOGAD myelitis from
other demyelinating etiologies (19, 20, 26). Presence of acute
lesional enhancement is seen in ~50% of cases (19, 26), while
leptomeningeal enhancement has been reported in up to 70% of
children (20), sometimes extending to the cauda equina nerve
roots (20, 60). The frequency of leptomeningeal enhancement in
adults with MOGAD-associated myelitis is less clear (60, 61).

CSF findings

In addition to MRI acquisition, CSF analysis often provides
important clues to guide the differential diagnosis of myelitis
and is recommended in the diagnostic workup of subacute
myelopathies. Although not strictly necessary for the diagnosis
of a specific demyelinating disease, it often provides useful
information for an early identification of a specific syndrome,
and for excluding other non-inflammatory and infectious
etiologies (62).

The presence of intrathecal IgG synthesis, in the form of
increased IgG index or CSF-restricted OCB is a characteristic
feature of MS, being observed in over ~85% of cases (63).
Although the frequency of CSF OCB was previously considered
to be lower in pediatric than in adult-onset MS (64), studies
conducted on children with MS carefully assessed for the
absence of MOG-IgG revealed a frequency similar to the one
observed in adult cohorts (65). CSF pleocytosis (i.e., cell count
>5/mm?) with lymphocytic predominance is typically reported
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in about 50% of MS cases, while cell counts above 50/mm?
are exceptionally rare and should prompt consideration for
alternative diagnoses.

Conversely, CSF OCB are observed in a minority of
subjects with AQP4+NMOSD and MOGAD (10-20%), and can
disappear during the remission phase (19, 66). CSF pleocytosis
is observed in 14-79% of patients with AQP4+NMOSD,
exceeding 50 cells/mm> in 13-35% of cases. It usually
demonstrated monocytic and lymphocytic predominance,
but neutrophils and eosinophils can also be detected in
variable proportions. Patients with MOGAD also demonstrate
pleocytosis in around 50-75% of cases acutely, with white blood
cells count above 50 cells/mm? in 19%, and >100 cells/ mm?>
in 12% of cases (66). While the predominant cell types are
lymphocytes and monocytes, neutrophils can be detected in up
to 40% of cases, and eosinophils are rare (<3% of cases) (66). In
both AQP4+NMOSD and MOGAD, CSF findings are related to
the clinical phenotype at the time of the sample collection, with
less prominent abnormalities observed in subjects with isolated
ON attacks (66, 67).

Outcomes

After the acute phase of the myelitis, both clinical and MRI
evolution vary substantially between AQP4+NMOSD, MOGAD
and MS. The first months following the myelitis are generally
characterized by some degree of improvement, influenced by
the specific disease, features of the myelitis attack and the
patients demographic profile, while the long-term outcome is
generally determined by the occurrence and frequency of clinical
relapses and, in patients with MS, by the development of gradual
worsening of disability, often in the form of progressive spinal
cord dysfunction.

Recovery from acute attacks

The clinical recovery from a myelitis is variable based on the
initial severity and underlying etiology, and may continue for
over 2 years after the attack. The most noticeable improvements,
however, occur within the first months, and the chances for
further recovery substantially decrease if no improvements
are made within the first 3-6 months (68). Prompt initiation
of an adequate treatment aims at speeding up recovery and
minimizing the residual deficits.

MS relapses usually cause transient neurologic dysfunction,
with 38-66% of cases showing complete recovery (69-72). The
degree of recovery from each attack is likely multifactorial,
resulting from a combination of subject-specific and relapse-
related factors (73). Greater severity of symptoms at nadir,
simultaneous presence of symptoms attributable to multiple
CNS locations and older age have been associated with worse
outcome (69, 71, 74-76). In particular, the recovery from
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MS attacks is usually greater in children than in adults
(77), despite pediatric patients presenting on average with
more severe symptoms at nadir. In a prospective study
considering over 200 attacks in 72 subjects with clinically
isolated syndrome or MS, the probability of residual deficits
varied according to the presence of specific symptoms, being
45% for sphincter dysfunction, 34% for sensitive and 24%
for motor symptoms (71). The precise impact of acute
treatment on the degree of clinical recovery from MS-associated
myelitis is currently unclear. One study assessed the effects
of immediate initiation of interferon beta-la therapy soon
after an initial MS attack (consisting in myelitis in 22% of
participants), and observed that early treatment initiation was
associated with greater likelihood of preserving long term
ambulatory ability in those subjects who experienced initial poor
recovery (72).

Similarly to MS, the degree of recovery from
AQP4+NMOSD attacks is influenced by age and attack
severity, with better recovery observed in younger individuals
with lower deficits at nadir (26, 78-80). In a retrospective
study on 182 subjects with AQP4+NMOSD, the length of
the longest spinal cord lesion measured on MRI was found
to be a predictor of more severe residual disability (81), while
another study showed that CSF levels of glial fibrillary acidic
protein during acute attacks correlated with the length of spinal
cord lesions and with the EDSS at 6 months from the index
attack (82). As discussed above, ethnicity might also influence
clinical outcome, with Caucasians being reported at greater
risk of severe disability than Japanese individuals in one study
(83), and African-Americans being found at increased risk
of respiratory failure and death in north American studies
(where inequity in access to and quality of health care might
be a contributing factor) (83, 84). How the differences in the
severity of the acute attack affect long-term outcome is less
clear, and likely even more influenced by different treatment
paradigms. Subjects with AQP4+NMOSD are overall more
likely to experience partial, often poor recovery from each
myelitis attack, and a myelitis presentation is associated with
greater likelihood of reaching severe motor disability compared
to isolated ON (85). The presenting attack is responsible
for reaching EDSS > 6 and EDSS > 8 in about 25 and
20% of all subjects ever reaching these disability milestones,
respectively (83). The type and timing of acute treatment
for AQP4+NMOSD attacks plays a critical role not only in
accelerating recovery, but also in increasing the remission rate.
In a retrospective study on 871 NMOSD attacks, complete
recovery was obtained in only 19% of patients after first line
treatment, but in an increasing proportion of cases following
additional treatment courses (85). In 84% of cases, the first
line treatment consisted in high-dose intravenous steroids and
in 8% of cases in plasma exchange, while this latter treatment
was increasingly used as second (34%) and subsequent line
treatments (>50%). Evidence exists on the importance of
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prompt initiation of plasma exchange for treatment of acute
NMOSD attacks, as the probability of achieving complete
recovery decreases with the delay in plasma exchange initiation,
going from a 50% improvement at day 0-1 to ~5% after 20
days (86). In clinical practice, plasma exchange should be
strongly considered in patients with moderate-severe disability,
especially when they do not show prompt improvement and
consistent improvement after the first 1-2 days of treatment
with intravenous corticosteroids.

Subjects with MOGAD have typically good recovery from
myelitis attacks, particularly of motor symptoms, with only
6% of patients requiring walking aid at last follow up (19).
Age at the time of attack seems to be a predictor of the
post-acute outcome, with faster and greater recovery observed
in children compared to adults (38). In a study comparing
outcomes of myelitis attacks in AQP4+NMOSD and MOGAD,
the median EDSS at myelitis recovery was 3.0 (range 1.0-
8.0) for AQP4+NMOSD and 1.8 (range 1-8.0) for MOGAD,
with only 7% of patients having an EDSS > 6 at recovery
in the MOGAD group vs. 44% of the AQP4+NMOSD
(26). Despite good motor recovery, MOGAD myelitis is
associated with a relatively high proportion of persistent
sphincter dysfunction (44-59%, in the form of urinary urgency,
hesitancy, incontinence, frequent urinary tract infections, fecal
incontinence or constipation), and around 25% of patients
require long term catheterization (19, 26, 87). The need for
catheterization was associated with the presence of conus
lesions, but not with the severity of the myelitis episode or
the EDSS score at last follow-up (26). Although the overall
frequency of sphincter dysfunction did not differ between
subjects with MOGAD and AQP4+NMOSD, its presence as a
residual deficit in isolation was more common in subjects with
MOGAD. Erectile dysfunction is also common among male
patients with MOGAD (46%), and is significantly more common
than in those with AQP4+NMOSD (26).

Disease course

Important differences have recently been highlighted in the
natural history of these three demyelinating disorders, which
ultimately influence the long-term prognosis and contribution
of individual attacks to it.

The disease course in MS is initially characterized by
discrete clinical attacks followed by complete or nearly complete
recovery, interspersed with periods of disease stability. This
form of disease, referred to as “relapsing-remitting,” accounts
for about 85% of all MS cases. Over time, relapses decrease in
frequency and after an average of 15 years from onset most
patients in historical cohorts enter the so called “secondary
progressive” phase of the disease, with gradual deterioration of
their neurological function independent from clinical relapses
(88). In 10-15% of adult MS cases, the disease can manifest
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with progressive clinical deterioration from onset; this “primary
progressive” phenotype is exceedingly rare in children (89).
While the exact mechanisms underlying the development of
progressive disability (either primary or secondary progression)
in MS remain unclear, it typically manifests as progressive,
asymmetric motor impairment anatomically localizing to the
spinal cord (90, 91). This association can be best appreciated
in rare patients with a single CNS demyelinating lesion in
the spinal cord (also known as “progressive solitary sclerosis”)
and worsening motor impairment from onset that anatomically
localize to that lesion (92, 93). Although these patients with
progressive solitary sclerosis do not meet MS diagnostic criteria
(a minimum of two spinal cord lesions is required for a primary
progressive MS diagnosis) (94), a similar anatomical association
is seen in MS patients with highly restricted CNS lesion burden
(<5 lesions) (95), or rare MS patients with exclusively unilateral
motor impairment (96). In all these patients, at least one
demyelinating lesion can often be identified along the spinal
cord lateral columns which is anatomically explanatory for
the progressive motor impairment. These lesions, also referred
to as “critical corticospinal tract lesions,” are typically large
and accompanied by focal atrophy (also see the “Follow-up
MRI findings” section) (92, 93, 95-100). Notably, a primary
progressive disease course may also be observed in patients
initially diagnosed with radiologically isolated syndrome (MRI
detection of typical MS lesion in the absence of accompanying
clinical manifestations), and all of these patients have MRI
evidence of spinal cord involvement before symptoms onset
(101). This finding suggests that spinal cord lesions in MS may
sometimes develop asymptomatically and subsequently induce
structural spinal cord changes (e.g., chronic inflammation, focal
lesional atrophy) eventually resulting in progressive myelopathy.

Progressive neurodegeneration is not considered to be a
major component of AQP4+NMOSD pathophysiology (2),
while the accrual of neurological deficits is closely linked to the
occurrence of severe relapses (stepwise disability accrual). Over
95% of subjects with AQP4+NMOSD experience a relapsing
course. The risk of a first relapse has been estimated around
60% within the first year from a myelitis presentation (102),
with lower risk for relapses associated with increasing age
and onset with brainstem symptoms (103, 104). Although
cases of monophasic disease have been reported, as well as
others with disease quiescence for more than a decade (53,
105, 106), these are extremely rare and all subjects diagnosed
with AQP4+NMOSD should be considered at high risk
for recurrence, and should be offered a preventive therapy
protracted long-term, as withdrawal of treatment has been found
to increase the risk of relapse even after long periods of remission
(107, 108).

Data on the long-term clinical course of MOGAD are
still limited. However, evidence from large prospective cohorts
demonstrate a monophasic course in around 50% of cases,
more commonly in children than in adults (38, 109). Current
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figures estimate that about 40% of adults and 30% of children
would have a second clinical attack within 5 years from first
presentation (110), and the risk for relapses in untreated patients
is considered higher in the first 4 years post-onset compared
to the subsequent 4 years [HR 0.21 (95% CI, 0.06-0.77)]
(111). Among relapsing cases, the inter-attack interval can
be highly variable, ranging from few months to many years
(111-113). In the setting of such a variable disease course,
definitive predictors of clinical relapses have not been identified.
Apart from age at disease onset, evolution of serological status
has shown a moderate association with disease course, with
subjects becoming seronegative for MOG-IgG being on average
at lower risk for further relapses (109, 113). In a cohort
study on 276 subjects with MOGAD, the presence of myelitis
at onset, alone or in combination with other presentations,
was associated with decreased risk of relapse compared to
other non-myelitis phenotypes (HR, 0.41; 95% CI, 0.20-0.88;
P = 0.01) (114). The most common phenotype of MOGAD
relapses is ON, regardless of the initial clinical presentation, and
recurrent episodes of myelitis as the sole clinical phenotype of
MOGAD are uncommon (115, 116). Although evidence is still
limited, a relapse-independent disease progression is considered
extremely rare in MOGAD, and a gradually progressive disease
course should prompt careful consideration of alternative
diagnoses (117). This is extremely relevant in MOGAD where
the risk of misdiagnosis is higher compared to AQP4-+NMOSD
due to the possibility of false MOG-IgG positivity (which is
almost negligible with AQP4-1gG) (55, 118, 119).

Follow-up MRI findings

Although in most cases the spinal cord MRI findings in
the acute phase already provides valuable clues for diagnosis,
the evolution of imaging features over follow-up exams is often
useful to clarify or confirm the diagnostic suspect.

Following a myelitis attack, spinal cord lesions typically
evolve by reducing in size over subsequent MRI’s and may
resolve completely to undetectable, or be accompanied by
development of spinal cord atrophy at lesion level. Examples of
MRI lesion evolution over time on axial images are shown in
Figure 3.

MOGAD lesions demonstrate the greatest reduction in
T2-lesion area, followed by lesions due to AQP4-+NMOSD, with
smaller changes observed in MS lesions size over time (120).
Complete resolution of T2 hyperintense spinal cord lesions
is uncommon in both MS and AQP4+NMOSD, while it is
observed in 62-79% of MOGAD myelitis lesions (20, 26, 120).
The median time from the first spinal cord lesion detection to
first normal follow-up MRI has been reported to be around
9 months in one study, although this data was limited by the
lack of regular and close follow-up MRI exams and complete
lesions resolution can be observed as early as 12 days from the
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FIGURE 3

Examples of temporal evolution of T2-lesions axially on spinal
cord MRI in AQP4-1gG-positive neuromyelitis optica spectrum
disorder (AQP4-+NMOSD), MOG-IgG-associated disease
(MOGAD), and multiple sclerosis (MS). Acute myelitis lesions in
AQP4+NMOSD typically involve extensively the spinal cord
parenchyma (A1,B1). After the acute phase of the myelitis
(A2,B2), a residual T2 scarring is common, often accompanied
by spinal cord atrophy at lesion level (a clear reduction in spinal
cord diameter can be noted at follow-up MRI). In MOGAD
myelitis lesions, the T2 abnormalities observed acutely (C1,D1)
tend to resolve completely at follow-up MRI in the majority of
cases (C2,D2). On the contrary, MS T2-lesions tend to persist
over time with only minimal reduction in size from the acute
phase (E1,F1), sometimes resulting in focal lesion atrophy at
follow-up (E2,F2). These focally atrophic lesions are more
common in patients with progressive forms of MS and strongly
associate with progressive motor impairment when located
along the spinal cord lateral columns

first scan (20, 120). No clinical or paraclinical features have
been identified as significant predictors of lesion resolution
(120). Due to the changes in lesion volume in AQP4+NMOSD
myelitis, a single LETM can evolve into multiple shorter lesions
in subsequent exams, which can mimic MS (121). Residual
T1 hypointensities in the spinal cord are relatively rare across
different demyelinating diseases, and in a recent study were
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observed in 3/34 (9%) of AQP4+NMOSD myelitis, 1/29 (3%)
of MS cases, and in none of 28 MOGAD cases (120).

The development of new asymptomatic spinal cord lesions
on serial MRI is observed in about 25% of MS patients (122),
but is highly dependent on treatments utilized and will likely
be encountered much less commonly in the era of high-efficacy
disease modifying treatments in MS. By contrast, these were
observed in only 1/116 (0.9%) AQP4+NMOSD and 0/81 (0%)
MOGAD cases in a recent retrospective longitudinal study (123).
In the same study, a slightly higher frequency of asymptomatic
spinal cord lesions were observed on MRI scans acquired
in concomitance with non-myelitis attacks (3/331, 0.9% in
AQP4+NMOSD and 11/151, 7.3% in MOGAD) (123).

Variable degree of spinal cord atrophy can be detected
on clinical images in subjects with MS, but spinal atrophy is
often a prominent feature on spine MRI exams acquired during
remission in subjects with AQP4+NMOSD and history of
myelitis, particularly at the level of spinal cord lesions (124-126).
In such patients, atrophy can be sometimes associated with frank
myelomalacia, which can provide a valuable hint for diagnosis
(112). On the contrary, overt spinal cord atrophy is uncommon
in MOGAD, although it can be detected in the gray matter
corresponding to the level of acute lesions (126). In patients with
MS, the development of focal spinal cord lesion atrophy over
time is characteristic, often with a strong anatomical association
with progressive motor impairment (“Critical corticospinal tract
lesions”; also see the “Disease course” section) (96, 97).

Overall, the presence of spinal cord atrophy is better
appreciated through the use of quantitative MRI. Studies
assessing  quantitative MRI in patients with
AQP4+NMOSD found that these patients have significant
spinal cord atrophy compared to controls (124-126), but also
MS and MOGAD patients (125, 126). Atrophy usually localized
to areas involved by spinal cord lesions and correlated with the

metrics

number of myelitis episodes (124-126). Spinal cord areas not
previously affected by lesions and AQP44+NMOSD patients
without history of myelitis showed comparable metrics to
healthy controls (124, 126). Subjects with MOGAD showed a
reduction in spinal cord gray matter volume exclusively in areas
affected by previous attacks, which was greater in subjects with
relapsing compared with monophasic course, even if relapses
occurred elsewhere in the CNS. Finally, subjects with MS
showed reduced cervical cross-sectional area and gray matter
volume compared to controls, without significant association
with the presence of lesions, in keeping with the diffuse
neurodegenerative changes that characterize this disease (126).

Long term prognosis
The typical disease course and patterns of long-term

disability accrual observed in AQP4+NMOSD, MOGAD, and
MS are summarized in Figure 4.
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FIGURE 4

Different disease courses and patterns of disability accrual in AQP4-1gG-positive neuromyelitis optica spectrum disorder (AQP4+NMOSD),
MOG-IgG-associated disease (MOGAD), and multiple sclerosis (MS). Red bars = disease relapses; green bars = first clinical attack; darker blue
area in the bottom half of each diagram = accumulated disability. In patients with AQP4+NMOSD (A) disease relapses are almost always
clinically manifested with severe disability and often incomplete recovery between attacks. Disability accumulates in a stepwise fashion. In
patients with MOGAD (B) disease attacks are similarly severe to those observed in NMOSD but post-attack recovery is generally complete or
nearly complete. Long-term outcomes in MOGAD are often favorable with less disability accumulation (B). Lastly, in patients with MS (C) disease
relapses are typically of mild-moderate severity and often do not cross the threshold for clinical detectability. For this reason, the first clinical
attack often occurs in patients with MRI evidence of prior asymptomatic lesions. When these lesions are detected incidentally during the
diagnostic workup for other disorders (e.g., headache), before the presenting MS attack, a radiologically isolated syndrome (RIS) can be
diagnosed. When clinically manifested, MS attacks tend to result in complete or nearly complete clinical recovery in most cases
(relapsing-remitting MS); while progressive disability accumulation can be seen in a minority of cases either from disease onset (primary
progressive MS) or after an initially relapsing-remitting course (secondary progressive MS). Progressive disability generally occurs in the form of
progressive motor impairment in MS, which often coincides with the development of focally atrophic lesions in the spinal cord lateral columns.
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The natural history of MS encompasses a progressive accrual
of disability, with an estimated median time from onset to
EDSS 6 (i.e., requiring walking assistance) of 28 years (127).
This estimate, based on a study on over 2,800 MS patients with
symptom onset before 1988, depicts a slower rate of progression
compared to data from older MS cohorts with onset before
1964 (128). Such difference is likely in part attributable to the
increasing availability of disease modifying therapies from the
1990s, but also to greater recognition and diagnosis of milder
forms of the disease. Nonetheless, the actual rate of disability
accrual is highly variable at the individual level, and it is
difficult to compare between studies due to different designs and
epochs in which the studies were conducted (e.g., with different
treatments available). According to a population-based study,
~17% of MS patients will have low disability (EDSS score < 2)
at 10 years from clinical onset (129), while 6-12% of patients
would reach EDSS > 6 within 5 years (130, 131). In particular,
up to 13% of individuals are expected to experience an extremely
benign course, with only few attacks, each followed by complete
recovery, absence of cumulative disability and preservation of
the ability to work 15 years from first symptoms (132).

The disease course in the first few years post-onset appears
to be an important predictor of the long term outcome, with
subjects with short interval from onset to first relapse tending
to follow a more rapidly progressive course (133), and the vast
majority of subjects with minimal disability at 5 years post-
onset continuing to be ambulatory at 15 years (129). In general,
subjects with initial presentation before the age of 40 and with
sensory symptoms have a better prognosis than those presenting
at later age and with pyramidal or cerebellar dysfunction (101,
134). The presence of spinal cord symptoms and incomplete
recovery from relapses have also been associated with faster
disease progression (88). In particular, even the presence of
a single lesion critically located in the high cervical cord can
predispose to development of progressive disease (92, 95). From
an imaging prospective, the presence of asymptomatic spinal
cord lesions in subjects with clinically isolated syndromes (i.e.,
the first clinical episode suggestive for MS not meeting criteria
for dissemination in time) is associated with increased risk
for higher disability at 5 years (135). Similarly, in subjects
with radiologically isolated syndrome, the presence of spinal
cord lesions is associated with higher risk of fulfilling MS
diagnostic criteria and of experiencing a primary progressive
disease course (136). In multiple studies, spinal cord atrophy
showed correlation with greater physical disability and disease
progression (137-140).

The
substantially

of AQP4+NMOSD has
the first
characterization, largely thanks to a better control of disease

long-term  prognosis
improved  since years after its
activity through timely initiation of immunotherapy and
more frequent use of plasma exchange for acute attacks
(32, 106). The disability of individuals with AQP4+NMOSD

is nonetheless often greater than the one of subjects with MS
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with comparable disease duration. At 5 years from presentation,
around 22% of cases are expected to have reached an EDSS of
6, and about 8% an EDSS of 8 (i.e., restricted to a wheelchair)
(106). This proportion is even higher when considering only
AQP4+NMOSD subjects with relapsing LETM, as 36% of
them would be expected to reach EDSS of 6 by 5 years from
onset (105). The risk of severe motor disability is greater in
subjects with AQP44+-NMOSD presenting with myelitis than
in those presenting with ON (106). It is also influenced by the
age at onset (26, 103), with the risk of requiring ambulatory aid
being reported to increase by 32% for every decade increase
in age (106). Although rare, cases of mild disease course
have been reported, with around 12-16% of subjects with
AQP4+NMOSD having an EDSS < 3 more than 10 years after
first symptoms (106).

In contrast, the long-term prognosis for subjects with
MOGAD is usually more favorable. Two studies on 29 and 61
subjects followed for over 8 years from disease presentation
(median 14 years) reported an EDSS < 2 at last follow-up in
over 50% of participants, and an EDSS > 6 in only 12.5%
(3, 115). Between 8 and 12% of participants in these studies had
a phenotype of isolated transverse myelitis at their last follow-
up, while most participants experienced episodes of ON at least
once. Subjects with a final phenotype of isolated ON were more
likely to have a final EDSS of <3, while history of both ON and
myelitis attacks was associated with greater likelihood of final
EDSS > 3 (115). Although the median pyramidal and sphincter
function system scores were of 0, a remarkable 12.5% of patients
required permanent urinary catheterization. The overall clinical
outcome might be more favorable in children than adults. In a
study comparing the clinical outcome of 98 children and 268
adults with MOGAD, an EDSS > 3.0 at last follow-up (range
0.5-33 years from presentation) was reached by19% of children
with a clinical presentation of myelitis, alone or in combination
with ON, and in 42% of adults with analogous presenting
phenotype (38). In a cohort of children with MOGAD associated
myelitis followed for 5 years after presentation, pyramidal
deficits were observed in only 6/22 (27%), and these were in all
cases neurological signs without associated disability (functional
pyramidal system score of 1) (20).

Conclusions

The clinical outcome of inflammatory myelopathies
varies greatly, and it is influenced by multiple factors.
Some determinants of disability are related to the specific
disease etiology and to the patient’s demographics, while
others are potentially modifiable factors, such as the delay
in diagnosis, poor treatment or initiation of preventive
treatments. Prompt and accurate diagnosis of the specific
underlying disease and early initiation of the appropriate
acute and relapse preventive treatments are key to limit
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disability accrual. Thanks to the increasing awareness of
the distinctive clinical and imaging features associated with
different demyelinating disorders, and to the availability of
highly effective therapies, physicians have now access to valuable
instruments to significantly alter the final clinical outcome of
inflammatory myelopathies.
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