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Abstract
Background and Objectives
Spinal cord leptomeningeal enhancement (LME) can be observed in children with myelin 
oligodendrocyte glycoprotein antibody–associated disease (MOGAD) and with seronegative 
myelitis. We investigated whether the presence of spinal cord LME in MOGAD and sero-
negative myelitis is associated with distinct clinical, CSF, and MRI findings.

Methods
Study participants were identified among the 490 children and adolescents recruited to the Canadian 
Pediatric Demyelinating Disease study following an incident attack of CNS demyelination. Inclusion 
criteria for this study were: (1) evidence of spinal cord lesions on MRI, (2) available postgadolinium 
MRI sequences, and (3) available MOG and aquaporin-4 (AQP4) antibody results. None of the AQP4 
antibody–positive participants met our inclusion criteria and only 1 participant with multiple sclerosis 
exhibited LME. We therefore focused the study on children with MOGAD and seronegative myelitis 
and compared the clinical, CSF, and MRI features between participants with and without LME.

Results
Our cohort included 33 participants with MOGAD (median age 5.9 years, 55% women) and 45 
with seronegative myelitis (median age 11.9 years, 33% women). Spinal cord LME was detected in 
20/33 (61%) participants with MOGAD and 14/45 (31%) with seronegative myelitis. Among 
children with MOGAD, those with LME were more likely than those without LME to have 
longitudinally extensive myelitis ([LETM], 19/20 vs 8/13, p = 0.024); H-sign (15/20 vs 5/13, 
p = 0.036), tumefactive cord lesions (10/20 vs 1/13, p = 0.021); complete cross-sectional in-
volvement (16/20 vs 5/13, p = 0.026); nodular lesional enhancement (7/20 vs 0/13, p = 0.026); 
and more spinal cord lesions (p = 0.036). LME in MOGAD was not associated with greater CSF 
protein content or cell count nor predicted relapse rate or clinical recovery. Children with sero-
negative myelitis and LME were more likely than those without LME to have tumefactive lesions 
(6/14 vs 4/31, p = 0.048) and complete cross-section involvement (11/14 vs 13/31, p = 0.028) but 
did not differ in terms of H-sign, LETM, lesional enhancement, or number of lesions.

Discussion
The presence of spinal cord LME is associated with more extensive spinal cord abnormalities on MRI 
in children with MOGAD and to a lesser extent in those with seronegative myelitis. The biological 
underpinnings of this finding and its clinical implications should be assessed in further studies.
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Introduction
Myelin oligodendrocyte glycoprotein antibody–associated 
disease (MOGAD) is a recently defined immune-mediated 
demyelinating disorder of the CNS that causes inflammation 
in the optic nerves, spinal cord, and brain. 1,2 Leptomeningeal 
enhancement (LME) of the brain is a relatively common 
feature of MOGAD, reported in up to 46% of cases, and 
occurs with substantially greater frequency than in multiple 
sclerosis ([MS], 4%) and neuromyelitis optica spectrum dis-
order associated with antibodies to aquaporin 4 (AQP4-Ab + 
NMOSD, 7%). 3,4 Brain leptomeningeal inflammation has 
been occasionally reported as the first or sole manifestation of 
MOGAD, 5,6 and a recent study suggested an association be-
tween brain LME in MOGAD and greater frequency of 
headache, fever, and seizures compared with MOGAD with-
out brain LME. 3 In addition, leptomeningeal inflammation 
was noted in most brain biopsies from subjects with MOGAD 
where meninges could be assessed, displaying a topographic 
relationship with underlying cortical demyelination. 7

Recent studies have also demonstrated a relatively high 
prevalence of spinal cord LME (53%–69%) in children with 
MOGAD-associated myelitis, 8,9 exceeding the prevalence 
observed in children with MS (7%–14%), AQP4-Ab +

NMOSD (0%), and seronegative monophasic myelitis 
(23%–26%). 8,9 At present, little is known about the clinical 
features associated with spinal cord LME in MOGAD.

We hypothesized that MRI evidence of spinal cord LME in 
MOGAD would be a marker of more extensive inflammation 
and investigated its association with the extent of acute spine 
abnormalities, presence of brain MRI lesions, increased CSF 
cellular and protein concentrations, and clinical outcomes 
including relapse rate. To assess whether these relationships 
were MOGAD-specific, we also evaluated these features in 
children with seronegative myelitis.

Methods
This study included participants to the Canadian Pediatric 
Demyelinating Disease Study (CPDDS), which enrolled 
subjects younger than 18 years presenting within 90 days of 
onset of an incident acquired demyelinating syndrome be-
tween 2004 and 2019. 10 Study participants underwent serial 
clinical evaluation and acquisition of brain MRI scans at 
presentation, 3, 6, 12 months, and yearly thereafter. MRI of 
the spinal cord with gadolinium was not a component of the 
study research protocol but was acquired in a subgroup of

Figure 1 Flowchart of Participant Recruitment

.

Glossary
ADEM = acute disseminated encephalomyelitis; CPDDS = Canadian Pediatric Demyelinating Disease Study; EDSS = 
Expanded Disability Status Scale; IQR = interquartile range; LETM = longitudinally extensive myelitis; LME = leptomeningeal 
enhancement; MOGAD = myelin oligodendrocyte glycoprotein antibody–associated disease; MS = multiple sclerosis.
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participants based on clinical indication, either due to myelitis 
symptoms or as part of the diagnostic evaluation for de-
myelinating disease. Serum MOG and AQP4 antibody analyses 
were conducted in a batched fashion at the University of Ox-
ford using a live cell–based assay, blinded to clinical details. 11

The inclusion criteria for this study were: (1) demonstration 
of spinal cord lesions on MRI scans obtained at the first attack, 
(2) acquisition of postgadolinium spine MRI studies, and (3) 
MOG and AQP4 antibody test results available at the time of 
presentation. To avoid including participants in the MOG-
seronegative group who were initially MOG antibody– 
positive and underwent early conversion to seronegative 
status, we excluded participants with negative MOG antibody 
results whose first sample was obtained more than 45 days 
from onset of symptoms.

All spine MRI studies, including T2-weighted images in both 
axial and sagittal planes, unenhanced and gadolinium-enhanced 
T1-weighted sequences, were evaluated by a neuroradiologist 
(C.A.A.) and a neurologist with expertise in neuroimaging 
(G.F.) by applying an MRI scoring tool, blinded to the clini-
cal diagnosis and to brain MRI findings, with a third neuroradiologist

consulted in case of disagreement, as previously described. 8 

The spinal cord MRI features assessed included: number of 
spinal cord lesions, presence of longitudinally extensive lesion 
(a single spinal cord lesion extending 3 vertebral segments or 
more), number of spinal vertebral body segments spanned by 
longitudinally extensive lesions, involvement of complete 
cross-section (defined as involvement of all gray matter and 
most of white matter in at least 1 slice), tumefactive appear-
ance (defined by the increase of the diameter of the lesioned 
spinal cord compared to the adjacent segments), presence of 
H-sign (defined as predominant T2 hyperintensity in the gray 
matter of the spinal cord assessed on axial views), snake-eyes 
sign (bilaterally symmetric circular or ovoid foci of high T2-
weighted signals in the anterior horns of the spinal cord gray 
matter), bright spot (parenchymal T2 hyperintensity greater 
than the surrounding CSF), lesional nodular enhancement 
(increased signal intensity on T1-weighted contrast-enhanced 
images aligned with an area of hyperintensity on T2-weighted 
images), root, and LME. Spinal cord lesion resolution was 
reported in case of complete resolution of spine abnormalities 
on serial MRI exams and computed among participants with 
at least 1 month of MRI follow-up. The presence of MRI 
lesions on paired brain MRI was evaluated blinded to anti-
body results and spine MRI findings.

Demographic characteristics (age, sex assigned at birth, and 
ethnicity), phenotype, occurrence of clinical attacks, and any 
exposure to immunotherapy were collected on all participants. 
The presenting clinical phenotypes were defined based on 
published consensus definitions and included acute dissemi-
nated encephalomyelitis ([ADEM], defined by with multifocal 
neurologic symptoms with encephalopathy), 12 myelitis, 13 optic 
neuritis, 14 ADEM with myelitis (simultaneous occurrences of 
the clinical and radiologic features of ADEM and myelitis), and 
myelitis with optic neuritis (simultaneous occurrence of symp-
toms of optic neuritis and myelitis). Disability score at pre-
sentation and over follow-up was mapped to Expanded 
Disability Status Scale (EDSS), as previously described. 15 CSF 
analyses were performed when clinically indicated and results on 
cell count, protein concentration, and CSF-restricted oligoclonal 
bands were included in the analyses whenever available.

Statistical Analyses
The clinical, CSF, and MRI characteristics were compared 
between children with MOGAD and seronegative myelitis 
with and without LME on spine MRI. The comparisons were 
performed using Mann-Whitney U test for continuous vari-
ables and Fisher exact test or 2-sided χ 2 test for categorical 
variables. A p value < 0.05 was considered statistically signif-
icant. The effect size of these comparisons was computed as 
standardized difference scores. The statistical analyses were 
performed using SPSS (Statistical Package for Social Science).

Standard Protocol Approvals, Registrations, 
and Patient Consents
Informed consent for participation in the study was obtained 
from all participants or parents/guardians with assent by

Figure 2 Spinal Cord Leptomeningeal Enhancement

Sagittal and axial gadolinium-enhanced T1-weighted MRI of the spine 
demonstrating leptomeningeal enhancement in a child with MOGAD (left) 
and a child with seronegative myelitis (right). MOGAD = myelin oligoden-
drocyte glycoprotein antibody–associated disease.
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participants for younger children. The institutional review 
boards of all the participating institutions approved this study.

Data Availability
Anonymized derived data used for this article will be made 
available by request from qualified investigators.

Results
Participants
Of 490 children enrolled in the CPDDS (Figure 1), 216 had 
available spine MRI and MOG antibody test results. Of them, 
45 participants were excluded because their first MOG testing 
was performed more than 45 days from symptom onset with 
negative results; 54 participants were excluded as they did not 
exhibit spinal cord lesions, and 22 participants were excluded 
because their spine MRI was acquired without administration 
of gadolinium. Therefore, the final cohort included 95 par-
ticipants with gadolinium-enhanced spinal imaging and MOG 
testing results (33 with MOGAD, 17 with MS, 45 with se-
ronegative myelitis, and none with AQP4 antibodies).

Spinal cord LME was observed in 20/33 MOGAD partic-
ipants (61%) and in 14/45 (31%) participants with sero-
negative myelitis (Figure 2). Only one of the participants with 
MS displayed LME (1/17, 6%), and therefore, this group was 
not included further in the analyses.

MOGAD Cohort
The clinical and demographic features of the 33 MOGAD 
participants included in the study are presented in Table 1. No 
significant differences were observed in the age at MRI scan, 
sex assigned at birth, and ethnicity between participants with 
and without LME. The time elapsed from symptom onset to 
MRI acquisition was similar between participants with and 
without LME (median 7.5 vs 8 days, p = 0.29).

Spinal Cord MRI Findings in Children
With MOGAD
Almost all children with MOGAD and spinal cord LME pre-
sented with longitudinally extensive transverse myelitis (LETM) 
(19/20, 95%) vs 61% (8/13) of those without LME (p = 0.024). 
In addition, 42% more children with LME had tumefactive spinal 
cord lesions (10/20 [50%] vs 1/13 [8%], p = 0.021), 42% more

Table 1 Demographic and Clinical Features of Children With MOGAD

Spine LME present (n = 20) Spine LME absent (n = 13) p Value
Standardized
difference

Age, yrs (median [IQR]) 6.71 [4.01–11.25) 5.59 (3.27–11.84) 0.84 0.19

Female n (%) 10 (50) 8 (61.5) 0.51 −0.23

Ancestry, n (%)

African 1 (5) 1 (8) 1 −0.11

Asian 0 1 (8) 0.39 −0.41

European 16 (80) 8 (61) 0.42 0.41

Other and mixed 3 (15) 3 (23) 0.65 −0.21

Phenotype, n (%)

Myelitis 6 (30) 4 (31) 1 −0.02

ADEM 1 (5) 6 (46) 0.012 −1.07

ADEM + myelitis 7 (35) 2 (15) 0.23 0.46

Optic neuritis 1 (5) 1 (8) 1 −0.11

Optic neuritis + myelitis 3 (15) 0 0.24 0.59

Other 2 (10) 0 0.51 0.47

Onset EDSS (median [IQR]) 7 (5–8) 6.5 (3.75–7.75) 0.57 0.19

Days from onset to spine MRI (median [IQR]) a 7.5 (1–17.7) 8 (5.5–19.5) 0.29 −0.04

Days from onset to brain MRI acquisition (median [IQR]) 10.5 (3.5–17.0) 8.5 (5.8–20.3) 0.37 0.19

Steroid exposure before spine MRI acquisition, n (%) b 1 (5) 0 (0) >0.99 0.32

Abbreviations: ADEM = acute disseminated encephalomyelitis; EDSS = Expanded Disability Status Scale; IQR = interquartile range, LME = leptomeningeal 
enhancement. 
a The spinal cord was imaged in full for 21/23 participants, while 2 participants had only images of the cervical segment available. 
b Only 1 participant with MOGAD was ever treated with chronic immunotherapy.
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showed involvement of the complete spinal cord cross-sectional 
area at one or more cord levels (16/20 [80%] vs 5/13 [38%], p = 
0.026), and 37% more displayed an H-sign on axial views (15/20 
[75%] vs 5/13 [38%], p = 0.036) (Table 2).

Moreover, the presence of LME was associated with a higher 
prevalence of lesional nodular enhancement (35% [7/20] vs 0% 
[0/13] p = 0.026) and 3 times greater frequency of root en-
hancement, although this latter was not statistically significant 
(45% [9/20] vs 15% [2/13], p = 0.132). Participants with LME 
displayed a higher number of spine lesions compared with those 
without enhancement (median = 2 [interquartile range {IQR} 
1–2] vs median = 1 [IQR 1-1], p = 0.036), but overall similar 
number of vertebral segments spanned by LETM, when present.

Among the 21 participants with follow-up spine MRI examina-
tions acquired more than 1 month from baseline scan (median 
816 days, IQR 184–1,414), complete lesion resolution was

observed in 11/16 (69%) patients with LME (median follow-up 
931 days, IQR 184–1,414) vs 2/5 (40%) without LME (p = 
0.325, median follow-up 779 days, IQR 261–2,365). Spinal cord 
LME resolved in 13/14 of the participants with initial LME and 
available postcontrast MRI at follow-up but was again detected in
1 participant during a subsequent myelitis and was transiently 
persistent for 2.5 months in 2 children presenting with ADEM.

Data regarding paired brain and spinal MRI examinations 
were available for 30/33 children (18 with and 12 without 
LME). Within this group, no differences were observed in the 
frequency of presence of brain lesions (as opposed to normal 
brain MRI) between children with and without spinal cord 
LME (14/18 [78%] vs 11/12 [92%], p = 0.62).

CSF Findings in Children With MOGAD
CSF samples were obtained from 30 participants with 
MOGAD, with white blood cell counts available for all samples,

Table 2 Onset MRI and CSF Findings and Clinical and Imaging Evolution in MOGAD Children With and Without Spine LME

Spine LME present (n = 20) Spine LME absent (n = 13) p Value Standardized difference

H sign, n (%) 15/20 (75) 5/13 (38) 0.036 2.10

LETM, n (%) 19/20 (95) 8/13 (61) 0.024 2.44

LETM length a (median [IQR]) 11 (6–11) 11 (6.5–11) 0.815 0.00

Snake eyes, n(%) 2/20 (10) 4/13 (31) 0.182 −1.51

Bright spot sign, n (%) 0/20 0/13 1 —

Tumefactive, n (%) 10/20 (50) 1/13 (8) 0.021 2.52

Complete cross-section, n (%) 16/20 (80) 5/13 (38) 0.026 2.42

Nodular enhancement, n (%) 7/20 (35) 0/13 (0) 0.026 2.40

Root enhancement, n (%) 9/20 (45) 2/13 (15) 0.13 1.76

Number of spinal cord lesions (median, IQR) 2 (1–2) 1 (1–1) 0.036 1.26

Lesion resolution, n (%) 11/16 (69) 2/5 (40) 0.325 1.16

Brain lesions present, n (%) 14/18 (78) 11/12 (92) 0.62 −1.00

CSF WBC count (median, [IQR]) 36 (11–167) 33 (13–50) 0.49 0.05

CSF RBC count (median, [IQR]) 1 (0–60) 0 (0–4) 0.4 0.09

CSF protein concentration (median, [IQR]) 0.46 (0.25–0.69) 0.30 (0.2–0.5) 0.13 0.91

CSF-restricted OCB, n (%) 3/14 (21) 1/8 (13) >0.99 0.52

Length of clinical follow-up (y median [IQR]) 8.06 (4.1–8.24) 6.63 (4.7–10) 0.65 0.56

Acute treatment with IVIg, n (%) 5 (25) 2 (15) 0.13 0.66

Acute treatment with PLEX, n (%) 0 (0) 0 (0) >0.99 —

Relapses, n (%) b 5/20 (25) 0/13 (0) 0.13 1.96

Last EDSS (median [IQR]) c 1 (0–1.5) 0 (0–1) 0.20 1.10

Abbreviations: EDSS = Expanded Disability Status Scale; IQR = interquartile range; LETM = longitudinally extensive transverse myelitis; LME = leptomeningeal 
enhancement; OCB = oligoclonal bands; PLEX = plasma exchange; RBC = red blood cells; WBC = white blood cells. 
a LETM length indicates the number of vertebral segments spanned by the longitudinally extensive lesion. 
b Of the 5 MOGAD participants experiencing clinical relapses, one had a relapse with myelitis phenotype and another had ADEM phenotype with clinical 
evidence of spinal cord involvement. 
c Only 1 of the MOGAD participants manifested residual sphincter dysfunction (mild) at the last follow-up.
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and protein count and paired CSF and serum oligoclonal bands 
results available for a subgroup of 22 children (Table 2).

The white blood cell counts and protein levels showed greater 
variability, and median values were higher in participants with 
LME compared with those without LME (Figure 3), but these 
differences were not statistically significant. Oligoclonal bands 
were detected in a similar minority of participants from both 
groups. Nine of 19 (47%) participants with spinal cord LME 
had CSF pleocytosis greater than 50 cells/mm 3 vs 3/11 
(27%) without LME (p = 0.44). The proportion of partic-
ipants with protein count greater than 45 mg/dL was 7/14 
(50%) among those with spinal cord LME vs 2/8 (25%) 
among participants without LME (p = 0.38).

Clinical Outcomes in Children 
With MOGAD
Both participants with and without enhancement had an 
overall excellent recovery, without statistically significant 
differences in EDSS at the last available follow-up (median 1 
with LME vs 0 without LME, p = 0.20, computed after 
a median of 8.06 and 6.63 years, respectively).

Clinical relapses were adjudicated over a median of 6.3 years 
of observation, which was similar between the groups with 
and without LME (median 8.06 [4.1–8.24] with LME vs 6.63

[4.7–10] without LME). Only 5 (25%) participants with 
MOGAD experienced relapses during the observation period. 
While all relapsing participants belonged to the group with 
LME, the difference in relapse risk compared with LME 
negative MOGAD participants was not statistically significant 
(p = 0.13).

Seronegative Myelitis Cohort
The clinical and demographic features of the 45 participants 
with seronegative myelitis are presented in Table 3. All par-
ticipants in this group had a monophasic disease course.

Among the 45 participants with seronegative myelitis (14 with 
LME, 31 without LME), the presence of LME was associated 
with a higher prevalence of tumefactive lesions (6/14 [40%] 
vs 4/31 [13%], p = 0.048) and complete cross-section in-
volvement (11/14 [79%] vs 13/31 [42%], p = 0.028). 
However, no significant differences were observed in the oc-
currence of the “H” sign, nodular enhancement, and number 
of spine lesions between children with and without LME 
(Table 3). All 13 participants with LME at baseline and 
follow-up available had resolution of LME during follow-up, 
with transient persistence for 0.5–1.5 months detected in 2 
participants presenting with ADEM.

The EDSS at the last follow-up was higher among children 
with seronegative myelitis without LME compared with those 
with LME (median 1.25 vs 0, p = 0.005).

Figure 3 CSF Findings

CSF findings in participants with MOG antibody associated disease (A) and seronegative myelitis (B) with and without LME. LME = leptomeningeal 
enhancement.
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Table 3 Demographic, Clinical Features, MRI, and CSF Findings of Children With Seronegative Myelitis

Spine LME present n = 14 (31%) Spine LME absent n = 31 (69%) p Value
Standardized
difference

Age (median [IQR]) 8.34 (5.1–12.4) 11.3 (7.04–13.4) 0.309 0.58

Female n (%) 6 (43) 9 (29) 0.36 0.29

Ancestry, n (%)

African 0 1 (3.5) 1 0.26

Asian 2 (17) 5 (18) 0.9 0.05

European 7 (58) 16 (57) 0.5 0.03

Other and mixed 3 (25) 6 (21.5) 0.8 0.05

Phenotype, n (%)

Transverse myelitis 9 (64) 26 (84) 0.24 0.45

ADEM 3 (21) 2 (6) 0.16 0.43

ADEM + TM 1 (7) 2 (6) 1 0.03

Optic neuritis 1 (7) 0 0.31 0.39

ON + TM 0 1 (3) 1 0.26

Onset EDSS (median [IQR]) 7.5 (6.4–8.5) 7.5 (5–8) 1 0.00

Steroid exposure before MRI, n (%) a 2 (14) 5 (16) >0.99 0.05

Acute treatment with IVIg, n (%) 4 (29) 5 (16) 0.43 0.30

Acute treatment with PLEX, n (%) 2 (14) 3 (10) 0.64 0.14

Days from onset to spine MRI (median [IQR]) b 4 (1.75–7.25) 2 (1–5) 0.042 0.56

Days from onset to brain MRI (median [IQR]) 7.0 (4.5–16.0) 3.0 (1.0–7.3) 0.027 0.58

H sign, n (%) 7/14 (50) 13/31 (42) 0.74 0.15

LETM, n (%) 10/14 (71) 19/31 (61) 0.73 0.22

Snake eyes, n (%) 3/11 (21) 6/25 (19) 1 0.08

Tumefactive, n (%) 6/14 (40) 4/31 (13) 0.048 0.71

Complete cross-section, n (%) 11/14 (79) 13/31 (42) 0.028 0.74

Nodular enhancement, n (%) 2/12 (14) 3/28 (10) 0.64 0.17

Root enhancement, n (%) 3/11 (21) 3/31 (10) 0.35 0.45

Number of spinal cord lesions (median [IQR]) 1 (1–1.25) 1 (1–2) 0.64 0.00

Brain lesions present, n (%) 7/13 (54) 10/28 (36) 0.27 0.37

CSF WBC count (median [IQR]) c 22 (5–123.5) 2 (1–67) 0.12 0.28

CSF protein concentration (median [IQR]) 0.4 (0.13–0.49) 0.32 (0.2–0.4) 0.77 0.37

CSF OCB present, n (%) 2/10 (20) 1/22 (5) 0.22 0.47

Length of clinical follow-up (y median [IQR]) 5.53 (3.74–9.02) 5.32 (4.1–7.03) 0.695 0.07

Last EDSS (median [IQR]) 0 (0–1) 1.25 (1–3) 0.005 1.07

Abbreviations: ADEM = acute disseminated encephalomyelitis; EDSS = Expanded Disability Status Scale; IQR = interquartile range; IVIG = IV immunoglobulin; 
LETM = longitudinally extensive transverse myelitis; LME = leptomeningeal enhancement; OCB = oligoclonal bands; ON = optic neuritis; PLEX = plasma 
exchange; TM = transverse myelitis; WBC = white blood cells. 
a None of the participants with seronegative myelitis was ever treated with chronic immunotherapy. 
b The spinal cord was imaged in full for all participants except two, who had only images of the cervical segments and of cervical and lumbar segments 
available, respectively. 
c CSF samples were obtained from 44/45 participants, with white blood cell counts available for all samples, and protein count and paired CSF and serum 
oligoclonal bands results available for a subgroup of 36 and 32 children, respectively.
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Direct comparison between participants with spinal cord 
LME and either MOGAD and seronegative myelitis is pre-
sented in eTable 1.

Discussion
We investigated the clinical, imaging, and CSF features as-
sociated with the presence of spinal cord LME in children 
with MOGAD and seronegative myelitis. In children with 
MOGAD, we observed several MRI features indicative of 
pronounced spinal cord inflammation associated with the 
presence of LME, including higher frequency of multiple and 
longitudinally extensive lesions, involvement of the complete 
spinal cord cross-section, tumefactive lesion appearance, 
presence of an “H-sign,” and nodular enhancement.

Similar to our previous findings, 8 we found that the proportion 
of children with spinal cord LME was substantially lower in MS 
compared with MOGAD and other seronegative myelitis.

The association between LME and MRI features suggestive of 
pronounced inflammation was in part shared with seronega-
tive forms of myelitis, where tumefactive lesions and in-
volvement of complete spinal cord cross-sectional area were 
also more frequently detected among children with spinal 
cord LME.

LME is often considered an imaging correlate of meningeal 
inflammation and meningeal-blood barrier disruption. It 
could be speculated that disruption of this barrier may allow 
inflammatory factors to diffuse into the CNS parenchyma 
through the pial-glial basement membranes, 16,17 potentially 
leading to subsequent disruption of the blood-brain barrier 
within the spinal cord parenchyma, contributing to more 
extensive spinal cord lesions. Alternatively, leptomeningeal 
inflammation could result from the spillover of inflammation 
from within the cord to its surface. In animal models, tracers 
introduced into the CSF can enter the brain by travelling 
along the pial-glial basement membranes located on the outer 
aspects of cerebral arteries. 17 Based on this assumption, we 
anticipated that the CSF of children with LME would also 
exhibit more pronounced inflammatory abnormalities. 
However, although we observed greater variability and overall 
higher cell counts and protein concentration in children with 
MOGAD and LME compared with those without LME, none 
of these differences reached statistical significance. It is im-
portant to interpret these findings in the context of the study’s 
limitations, particularly the small number of participants 
contributing to this analysis, as CSF samples were acquired 
only in a subgroup of participants, based on clinical indication.

A potential connection between the presence of spinal cord 
LME and the severity of spinal cord involvement was raised by 
previous observations in subjects with AQP4-Ab + 
NMOSD. 18 Like our findings, LME in the spinal cord of 
patients with AQP4-Ab + NMOSD was associated with

greater frequency of LETM and parenchymal enhancement. 
Although in AQP4-seropositive myelitis LME was also asso-
ciated with resistance to corticosteroid therapy, 18 in our 
MOGAD cohort, we observed only a tendency for higher 
EDSS values at the last follow-up among children with LME, 
but the overall excellent clinical outcome of our study par-
ticipants may have limited the power to detect small differ-
ences between groups.

Notably, all 5 patients who experienced further relapses 
during follow-up had spinal cord LME at presentation. An-
other small study in 21 children with MOGAD reported that 
children with LME were 50% more likely to experience 
relapses compared with those without, with the difference not 
reaching statistical significance. 6 These observations from 
small cohorts do not allow to draw firm conclusions but raise 
questions about the potential mechanisms underlying a re-
lapsing disease course and may warrant further investigation 
in larger studies.

While pathology studies in MOGAD are limited and might be 
biased toward the inclusion of cases with more aggressive 
course, evidence from these studies suggests frequent pres-
ence of meningeal inflammation and cortical demyelination, 
including in a subpial pattern similar to the one typically seen 
in MS. 7,19 Several differences exist in the characteristics of 
leptomeningeal inflammation in MS compared with 
MOGAD, including the detection on pathology specimens 
from MS brain of inflammatory infiltrates organized in tertiary 
lymphoid clusters, 20 and the rarity of overt LME detected in 
clinical scans. Furthermore, chronic leptomeningeal in-
flammation and cortical demyelination in MS have been 
linked to disease progression independent from clinical 
attacks, which is considered not a feature of MOGAD clinical 
course. 21,22 Therefore, the specific components of the men-
ingeal infiltrates that drive subpial cortical pathology are likely 
to differ between the 2 diseases.

A limitation of this study is the relatively small sample size, 
and particularly the very small number of participants expe-
riencing a relapsing course. In addition, spine MRI acquisition 
followed clinical indication (e.g., clinical findings localizing to 
the spinal cord or need of additional workup to define the 
extent of CNS involvement) and thus was not systematically 
acquired, limiting our ability to comment on the frequency of 
spinal cord LME among children with demyelinating syn-
dromes, including those without clinical symptoms of mye-
litis. Some children in the seronegative myelitis group, 
particularly those with more pronounced residual deficits, 
might have experienced acute flaccid myelitis, although this 
diagnostic label was not commonly applied at the time of 
study enrollment. Because of the heterogenicity of this group, 
caution should be applied in the translation of our findings to 
all forms of seronegative myelitis.

Given the very small number of children with AQP4-Ab + 
NMOSD recruited in our study, a comparison with this relevant
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group of patients was not possible. However, we emphasize 
comparison to other etiologies of spinal cord inflammation that 
are relatively more frequent in pediatric populations.

In summary, this study characterizes the clinical, imaging, 
and biological features of myelitis associated with spinal cord 
LME in children MOGAD and seronegative myelitis. We 
observed that children with MOGAD-associated myelitis 
and LME are more likely to exhibit MRI features of pro-
nounced spinal cord inflammation, suggesting that spinal 
cord LME in this context may reflect distinct pathogenic 
mechanisms, potentially contributing to the clinical vari-
ability of this disease. In addition, certain features associated 
with the presence of spinal cord LME in MOGAD were also 
more frequently observed in children with seronegative 
myelitis and spinal cord LME compared with those without, 
suggesting that these associations are not strictly disease-
specific. Future studies will evaluate the simultaneous pres-
ence of LME in the brain and spinal cord and whether this is 
associated with distinct clinical manifestations.

Author Contributions
S. Bartiromo: drafting/revision of the manuscript for content, 
including medical writing for content; analysis or interpretation 
of data. C. Alves: drafting/revision of the manuscript for con-
tent, including medical writing for content. J. O’Mahony: 
drafting/revision of the manuscript for content, including 
medical writing for content. E.A. Yeh: drafting/revision of the 
manuscript for content, including medical writing for content. 
R.A. Marrie: drafting/revision of the manuscript for content, 
including medical writing for content; major role in the ac-
quisition of data. S. Narayanan: drafting/revision of the man-
uscript for content, including medical writing for content. 
P.J. Waters: drafting/revision of the manuscript for content, 
including medical writing for content. A. Gajofatto: drafting/ 
revision of the manuscript for content, including medical 
writing for content. A. Bar-Or: drafting/revision of the manu-
script for content, including medical writing for content. B.L. 
Banwell: drafting/revision of the manuscript for content, in-
cluding medical writing for content; major role in the acquisi-
tion of data. G. Fadda: drafting/revision of the manuscript for 
content, including medical writing for content; major role in 
the acquisition of data; study concept or design; analysis or 
interpretation of data.

Study Funding
The authors report no targeted funding.

Disclosure
The authors report no relevant disclosures. Go to 
Neurology.org/NN for full disclosures.

Publication History
Received by Neurology ® Neuroimmunology & Neuroinflammation 
February 25, 2025. Accepted in final form June 6, 2025. Submitted 
and externally peer reviewed. The handling editor was Associate Editor 
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7. Höftberger R, Guo Y, Flanagan EP, et al. The pathology of central nervous system in-
flammatory demyelinating disease accompanying myelin oligodendrocyte glycoprotein au-
toantibody. Acta Neuropathologica. 2020;139(5):875-892. doi:10.1007/s00401-020-02132-y

8. Fadda G. Alves CA, O’Mahony J, et al, Canadian Pediatric Demyelinating Disease 
Study Group. Comparison of spinal cord magnetic resonance imaging features among 
children with acquired demyelinating syndromes. JAMA Netw Open. 2021;4(10): 
e2128871. doi:10.1001/jamanetworkopen.2021.28871

9. El Naggar I, Cleaveland R, Wendel EM, et al. MR imaging in children with transverse 
myelitis and acquired demyelinating syndromes. Mult Scler Relat Disord. 2022;67:
104068. doi:10.1016/j.msard.2022.104068

10. Banwell B, Bar-Or A, Arnold DL, et al. Clinical, environmental, and genetic determinants 
of multiple sclerosis in children with acute demyelination: a prospective national cohort 
study. Lancet Neurol. 2011;10(5):436-445. doi:10.1016/S1474-4422(11)70045-X

11. Waters P, Woodhall M, O’Connor KC, et al. MOG cell-based assay detects non-MS 
patients with inflammatory neurologic disease. Neurol Neuroimmunol Neuroinflamm. 
2015;2(3):e89. doi:10.1212/NXI.0000000000000089

12. Krupp LB, Tardieu M, Amato MP, et al. International pediatric multiple sclerosis 
study group criteria for pediatric multiple sclerosis and immune-mediated central 
nervous system demyelinating disorders: revisions to the 2007 definitions. Mult Scler. 
2013;19(10):1261-1267. doi:10.1177/1352458513484547

13. Transverse Myelitis Consortium Working Group. Proposed diagnostic criteria and nosol-
ogy of acute transverse myelitis. Neurology. 2002;59(4):499-505. doi:10.1212/wnl.59.4.499

14. Bennett JL, Bennet JL. Optic neuritis. Continuum (Minneap Minn). 2019;25(5): 
1236-1264. doi:10.1212/CON.0000000000000768

15. O’Mahony J, Marrie RA, Laporte A, et al. Recovery from central nervous system acute 
demyelination in children. Pediatrics. 2015;136(1):e115-e123. doi:10.1542/peds.2015-0028

16. Weller RO, Sharp MM, Christodoulides M, Carare RO, Møllgård K. The meninges as 
barriers and facilitators for the movement of fluid, cells and pathogens related to the 
rodent and human CNS. Acta Neuropathologica. 2018;135(3):363-385. doi:10.1007/ 
s00401-018-1809-z

17. Morris AWJ, Sharp MM, Albargothy NJ, et al. Vascular basement membranes as path-
ways for the passage of fluid into and out the brain. Morris AW, Sharp MM, Albargothy 
N, et al. 2016. Acta Neuropathol. 2016;131(5):725-736. doi:10.1007/s00401-016-1555-z

18. Asgari N, Flanagan EP, Fujihara K, et al. Disruption of the leptomeningeal blood 
barrier in neuromyelitis optica spectrum disorder. Neurol Neuroimmunol Neuro-
inflamm. 2017;4(4):e343. doi:10.1212/NXI.0000000000000343
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