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Abstract
Study design Multicenter retrospective study.
Objectives The aim was to determine the frequency and magnetic resonance imaging (MRI) features of short-segment
transverse myelitis (STM) in patients with neuromyelitis optica spectrum disorders (NMOSD) during a myelitis attack.
Setting Latin American diagnostic centres (Neuroimmunology Unit). A multicenter study from Argentina, Brazil and
Venezuela was performed.
Methods Seventy-six patients with NMOSD were included. We analyzed 346 attacks and reviewed spinal cord MRIs
performed within 30 days from spinal attack onset. Sagittal and axial characteristics on cervical and thoracic MRI (1.5 tesla)
were observed. Demographics, clinical, serological, and disability data were collected.
Results Among the 76 patients with NMOSD, isolated STM was observed in 8% (n= 6), multisegmental lesions
(longitudinally extensive transverse myelitis (LETM)+ STM) in 28% (n= 21; 13 had at least one STM), LETM in 42% (n
= 32), and normal spinal MRI in 22% (n= 17). However, isolated STM was increased by 10% in patients with NMOSD
with spinal lesions (6 out of 59) with mean attacks of 2.5 (±0.83) and last follow-up expanded disability status scale (EDSS)
of 3.1 (±2.63). Positive aquaporin 4 antibodies (AQP4-ab) were found in 50%. Upper-cervical lesion was most frequently
observed (5 out of 6). Myelitis was preceded by ON in all isolated patients with STM. Only one had a positive gadolinium
lesion and none of these had asymptomatic spinal cord lesion.
Conclusion Isolated STM does not exclude NMOSD diagnosis. Therefore, APQ4-ab testing could be useful during a
myelitis attack with STM.

Introduction

Longitudinally extensive transverse myelitis (LETM) on
magnetic resonance imaging (MRI) is defined as a lesion
extending ≥3 spinal segments. Recently, the 2015
International Panel for Neuromyelitis optica (NMO)
spectrum disorders (NMOSD) Diagnosis criteria (IPND
criteria) included LETM as a typical finding on spinal MRI
[1]. Thus, an accurate and early identification of LETM
(also lesions centrally-located on the axial plane) helps to
differentiate NMOSD from multiple sclerosis (MS),
especially in those patients who are positive for aquaporin 4
antibodies (AQP4-ab), given that this situation confirms the
diagnosis of NMOSD by the 2015 IPND criteria [1, 2].
Moreover, isolated or only one short-segment transverse
myelitis (STM), defined as one lesion extending <3 spinal
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segments, is highly suggestive of MS and these
patients have low risk of developing NMOSD over
time [1, 2]. However, there are few reports of patients
with NMOSD presenting as STM during myelitis
attacks, with similar results in different regions such
as North America and Asia [3–5], but little is known
about isolated STM in Latin American patients with
NMOSD. Therefore, the aim of this study was to
determine the frequency and MRI features of STM in a
cohort of Latin American patients with NMOSD during a
myelitis attack.

Methods

We retrospectively reviewed the medical records and MRI
images of 76 patients with a diagnosis of NMOSD who
were positive or negative for AQP4-ab from Argentina
(n= 18), Brazil (n= 34), and Venezuela (n= 24). The
diagnosis of NMOSD was performed according to the 2015
IPND criteria [1]. All patients fulfilled these criteria. We
analyzed 281 out of 346 attacks (65 attacks were excluded
due to normal spinal MRI) and reviewed spinal cord MRIs
performed within 30 days from spinal attack onset. Sagittal
and axial characteristics on cervical and thoracic MRI

Fig. 1 MRI features of patients with NMOSD associated to STM. Two
STM lesions (multisegmental STM lesions, A—arrow) on sagittal and
axial (peripherally located with less than half of the cross-sectional
cord area, A—arrow) T2-weighted MRI in a patient with NMOSD
who was AQP4-ab-positive. STM lesion on C1 (B—arrow:
~1–1.5 spinal segment long) in a patient with NMOSD who was
AQP4-ab-negative (patient No 6). T1-hyperintensity post-contrast on
sagittal (C—arrow: ~1.5–2 spinal segment long) and axial (C—arrow:
central, H-type gray matter) images in a a patient with NMOSD who
was AQP4-ab-negative with STM (patient No 4). Typical optic chiasm
lesion (as initial manifestation, D—arrow) was found in a patient with
NMOSD who was AQP4-ab-negative with STM on MRI (patient No

1). Multisegmental lesions (LETM on cervical and two discrete STM
on thoracic MRI, E—arrow) on sagittal images and lateral / central (E
—arrow) on axial images was observed in a patient with NMOSD who
was AQP4-ab-positive. T2-hyperintensity extend into the medulla
(axial image: bright spotty lesion, F—arrow) and STM (F—arrow) on
cervical MRI (axial: posterior lesion) in a patient with NMOSD who
was AQP4-ab-positive with STM (patient No 2). STM on C2-C3 is
shown on T2-weighted sagittal (G—arrow: ~1–1.5 spinal segment
long) and axial (G—arrow: peripherally located) images. In addition, a
patient with NMOSD who was AQP4-ab-positive with STM (patient
No 5) also showed a dorsal medulla lesion (area postrema) on T2-
weighted axial
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(1.5 tesla) were observed by at least one neurologist and one
neuroradiologist (all of them with expertise in demyelinat-
ing diseases). In addition, brain and spinal MRI on
T1-weighted with and without contrast enhancement,
T2-weighted images, fluid-attenuated inversion recovery
(FLAIR), and short tau inversion recovery sequences were
evaluated in all patients. Lesions on spinal MRI included
the extension (sagittal images), classified as isolated
STM (only one lesion <3 spinal segments), LETM
(lesions ≥3 spinal segments) and multisegmental lesions
(MSL, two or more lesions <3 and/or ≥3 spinal segments in
noncontiguous segment), and axial distribution (cross-sec-
tional area) was classified as peripherally (laterally/poster-
iorly) located and centrally-located. Gadolinium
enhancement lesions was classified as either present (Gd+)
or not present (Gd-) on the T1 post-contrast images. Dis-
ability was measured by the expanded disability status scale
(EDSS) at the last follow-up visit. This scale is probably the
most commonly utilized assessment instrument that
describes severity of disability in patients with MS,
although it is also used in most demyelinating diseases of
the spinal cord. The EDSS provides a total score on a scale
that ranges from 0 (no disability) to 10, based on a standard
neurological examination of different functional systems
(pyramidal, cerebellar, brainstem, sensory, bowel and
bladder, visual, and cerebral (or mental) plus ‘other’).
AQP4-ab serostatus was assessed (particularly during the
acute attack) by cell-based assay in 75% and by tissue-
based indirect immunofluorescence assay in 25% as
described previously [6]. Positive antinuclear antibodies
(ANA, IIF using Hep-2 cell culture) were defined as ≥1/160.
Oligoclonal bands on cerebrospinal fluid were measured
using isoelectric focusing. We excluded patients with
normal spinal MRI (n= 17) and patients with LETM were
included as a control group (for comparisons). All patients
were treated with 1 g of intravenous methylprednisolone for
3–5 days in the acute phase.

This study was approved by the ethics committee of the
Hospital Alemán de Buenos Aires, Argentina, and all
participants signed an informed consent form before data
collection.

Statistical analysis

Comparisons between STM patients and both MSL and
LETM patients were performed using Chi square or
Fisher’s exact tests for categorical variables and T-test or
Mann–Whitney U test for continuous variables, when
appropriate. Statistical analyses were performed using
SPSS v 22 software.
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Results

In this study, 19 patients had at least one STM lesion.
Among the 76 consecutive patients with NMOSD, isolated
STM was observed in 8% (n= 6), MSL (LETM+ STM) in
28% (n= 21; 13 had at least one STM), LETM in 42%
(n= 32), and normal spinal MRI in 22% (n= 17). How-
ever, STM was increased by 10% in patients with NMOSD
with spinal lesions (6 out of 59). When considering the
entire sample (76 patients with NMOSD), we observed that
the mean lesion length on cervical MRI was 4.06 (±1.86)
segments, STM was found in 10 patients, LETM in 36
patients, and normal in 30 patients. Centrally located lesions
or H-type gray matter were observed in 40 patients and
peripherally located in 6 attacks. Twenty-one patients had
Gd+ lesions. In thoracic MRI, the mean lesion length was
5.84 (±3.73) segments, STM was found in 8 patients,
LETM in 33, and MSL in 4. On the axial plane, centrally
located lesions were observed in 40 patients and periph-
erally located in 6 attacks. Sixteen patients had Gd+
lesions. Overall, in patients with STM (n= 19), the mean
age at disease onset was 33.89 (±8.63), the mean attacks
were 5.15 (±6.11), and EDSS at the last follow-up visit was
4.29 (±2.28). Both mean and median time between the first
and the second attack was 12.05 (±16.80) months and
5 months, respectively. Positive AQP4-ab were found in
47.4% (n= 9). Upper-cervical lesions (13 out of 19) were
most commonly seen (two showed an extension to the
medulla). None of these patients had asymptomatic spinal
cord lesions. Seven patients had Gd+ lesions on cervical
MRI and five patients had Gd+ lesions on thoracic MRI
(Fig. 1).

As shown in Tables 1 and 2, optic neuritis (ON) pre-
ceded a myelitis event in all patients with isolated STM. Of
the six patients with isolated STM, the mean attacks were
2.5 (±0.83) and EDSS at the last follow-up visit was 3.1
(±2.63). Positive AQP4-ab were observed in 50% (n= 3).
Upper-cervical lesion (5 out of 6) was most commonly seen
in these patients (only one showed an extension to the
medulla). None of these patients had asymptomatic spinal
cord lesions. Comparison of demographic, laboratory, and
radiological findings in patients with myelitis are summar-
ized in Table 2.

Discussion

The present study showed that isolated STM may be
observed in Latin American patients with NMOSD during a
myelitis attack. Flanagan et al [3] (North America) found
that 14% of patients with NMOSD had STM as an initial
episode and 92% of these patients had subsequent LETM
over time. Kim et al [4] (Asia) reported that STM was

observed in 14.5% of their cohort as a first manifestation of
NMOSD. We found that 10% of patients with NMOSD had
isolated STM during a myelitis attack, but 32% (19 out of
59) of our patients with spinal cord lesions had at least one
STM lesion. Similar data were published by Jarius et al [7]
(Europe) who observed that 7.3% of patients with NMOSD
did not have LETM as first myelitis attack. STM as an
initial manifestation of a first myelitis episode may delay the
diagnosis of NMOSD and, therefore, delay the initiation of
specific treatment to prevent a new attack. In addition, ON
may have subtle symptom in its mild forms and could be
underdiagnosed (sometimes the patients do not consult a
physician). In this context, a myelitis event with STM
during follow-up may be observed and testing AQP4-ab
could be useful, especially in patients with a history of a
typical ON for MS (NMOSD features) or optic chiasm
lesion on MRI as evident in all of our isolated STM
patients. The differential diagnoses are a challenge at dis-
ease onset, principally to distinguish NMOSD from MS.
Likewise, an overlapping of symptoms among NMOSD and
MS could occur at disease onset and misdiagnosis of MS
may be seen [3, 8]. The timing of MRI is very important
because the length of the lesion depends on the timing of
the MRI scan. Thus, both earlier (hours to days) and later
(months after episode) imaging may have shown resolution
or MSL [3]. We only included patients with spinal MRI
performed within one month of a myelitis episode and we
did not take into consideration only the first myelitis epi-
sode in each case. Therefore, this cohort could have con-
tamination from old lesions and residual signal abnormality
from an old myelitis attack that could explain some of the
cases, particularly those with MSL. Nevertheless, in all our
patients with isolated STM the myelitis attack was the first
relapse on the spinal cord.

LETM on sagittal and centrally located lesions on axial
images are a hallmark feature of NMOSD [1–10]. In this
study, we observed that centrally-located lesions (on cer-
vical MRI) were significantly more frequent in patients with
LETM than in those with STM, but no statistical differences
were found on thoracic MRI. In this line, both patients with
LETM and those with MSL had significantly higher relapse
rates than patients with STM. Interestingly, 67% of patients
with STM had a relapse during the first year (as described
previously in NMOSD [1]) and none of these had asymp-
tomatic spinal cord lesions. In this cohort, we also observed
a trend towards higher disability in patients with LETM
compared to those with STM (5.4 vs. 3.1, p= 0.07).
Likewise, we recently reported that patients with LETM had
a poorer functional prognosis compared to patients with
STM [9]. Gd+ lesions previously were reported in up to
71% [10] of spinal cord lesions in patients with NMOSD
and in this cohort we observed no cervical Gd+ lesions of
patients with STM compared to those with LETM (0 vs.
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71%, p= 0.007). On the other hand, there were no
statistical differences on gender, age, ethnicity, and
paraclinical features between patients with STM and
those with LETM, and between patients with STM and
those with MSL.

We acknowledge several limitations in our study. This
work was retrospective with a small sample and a possible
selection bias. Moreover, AQP4-ab was not assessed in all
patients with NMOSD with cell-based assay test and more
patients could be AQP4-ab-positive as recommended by the
2015 IPND criteria. In addition, myelin oligodendrocyte
glycoprotein antibodies (MOG-ab) were not tested in this
sample, but should be performed especially in patients who
are AQP4-ab-negative, as recommended in several studies
[1, 3, 4, 6–8]. However, as there were no data on any large
multicenter cohort of Latin American patients we assessed
our cohort and add our data to the international data set in
order to compare with previously published results from
Asia, Europe, and North America.

In conclusion, our findings suggest that isolated STM is a
rare manifestation in patients with NMOSD but does not
exclude the diagnosis of NMOSD. Therefore, APQ4-ab
testing could be useful during a myelitis attack with STM
on spinal cord MRI.
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Table 2 Comparison of
demographic, laboratory, and
radiological findings in patients
with myelitis

Characteristics STM LETM MSL p valuea p valueb

N No 6 32 21

Mean age at onset y, (±SD) 36.3 (±11.3) 41.2 (±13.3) 34.1 (±10.1) NS NS

Female no (%) 4 (67) 28 (87) 19 (90) NS NS

Ethnicity (%)

Caucasian 4 (67) 18 (56) 15 (72) NS NS

Non-Caucasian 2 (33) 14 (44) 6 (28) NS NS

Relapses 15 144 122

Mean (±SD) 2.5 (±0.8) 4.5 (±3.3) 6.1 (±5.9) 0.006 0.01

Median 3 4 4 0.02 0.01

Time at second relapse (m, median) 9 7 6 NS NS

Last EDSS mean (±SD) 3.1 (±2.6) 5.4 (±2.8) 4.8 (±2.3) 0.07 NS

Cervical MRI

Total segment lesions 7 108 72

Mean length (±SD) 1.4 (±0.5) 5.1 (±1.4) 3.6 (±1.6) 0.0001 0.0001

Median length 1 5 3 0.0005 0.004

Gd+ lesions 0 of 5 15 of 21 6 of 20 0.007 NS

Axial topography LP/C 3/2 0/21 3/17 0.03 NS

Thoracic MRI

Total segment lesions 2 176 91

Mean length (±SD) 2 7.3 (±3.9) 4.3 (±2.7) 0.0001 0.0001

Median length 2 7.5 4 0.0001 0.0005

Gd+ lesions 1 of 1 11 of 24 7 of 20 NS NS

Axial topography LP/C (No) 1/0 1/23 4/12 NS NS

Paraclinical features no (%)

AQP4-ab positive 3 (50) 20 (62) 12 (57) NS NS

ANA positive 2 (33) 5 (16) 6 (28) NS NS

apatients with STM compared to those with LETM
bpatients with STM compared to those with MSL

MRI magnetic resonance imaging, m months, LP lateral/posterior lesion on axial images, C central lesion on
axial images, AQP4-ab aquaporin 4 antibodies, ANA antinuclear antibodies, NS not significant
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