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Abstract 

Background: Neuromyelitis optica (NMO), or neuromyelitis optica spectrum disorder (NMOSD), is an autoimmune 
CNS condition which often has a complex clinical course. Longitudinally extensive transverse myelitis (LETM) is an 
important and sensitive MRI finding but is not very specific to NMOSD and is seen in other causes of myelitis.

Case presentations: We report 11 NMO cases, all seen in women from 25 to 75 years at the time of diagnosis, with 
most above 65 years of age. All patients were seropositive for AQP4–IgG antibodies, and none had anti-MOG antibod-
ies. Clinical presentations were diverse, the most common being paralytic and visual changes. In this study, 5 of the 
11 seropositive NMO patients (45%) had bright spotty lesion (BSLs) on their MRI spine, as opposed to none (0%) in the 
control group. BSLs were defined as hyperintense foci of signal abnormality on T2-weighted images compared to the 
surrounding CSF. Treatment included symptomatic management and immunotherapy; timely management led to 
improvement in all the cases, with partial recovery seen in most (91%) and complete recovery seen only in one.

Conclusions: BSLs are a newly defined spinal MRI finding with high specificity, but low sensitivity for NMOSD. The 
absence of BSLs in the control group establishes its prolific role in distinguishing NMO from MS, ITM, MOGAD and 
other forms of myelitis. The main aim of this retrospective case–control study was to determine the diagnostic impor-
tance and specificity of bright spotty lesions (BSLs) in NMOSD and its ability to discriminate NMOSD from other causes 
of LETM.
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Background
Neuromyelitis optica (NMO) and neuromyelitis optica 
spectrum disorders ([NMOSD]; previously known 
as Devic’s disease) are rare but severely disabling 
autoimmune inflammatory disorders of the central 
nervous system (CNS) characterized by complement-
mediated destruction and subsequent demyelination of 
the optic nerve and spinal cord and resulting in multiple 

neurologic deficits, including loss of vision, paralysis, and 
seizures [1–3]. Immunoglobulin G (IgG) autoantibod-
ies that target the aquaporin-4 (AQP4) channel at the 
end-feet of astrocytes are highly specific for NMO and 
are a part of the revised NMO diagnostic criteria [2–4]. 
However, these antibodies (also called NMO–IgG anti-
bodies) have limited sensitivity for NMOSD, and many 
NMO cases that demonstrate AQP4–IgG seronegativity 
are often misdiagnosed as multiple sclerosis (MS) due 
to several overlapping features between the two diseases 
[5, 6]. In addition, myelin oligodendrocyte glycoprotein 
(MOG) antibody-associated disease (MOGAD) with 
positive serum MOG antibodies has been reported in 
a small number of patients with clinical characteristics 
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of NMO; nearly all of these were AQP4–IgG-seroneg-
ative and were younger, less frequently female, and less 
likely to relapse compared with AQP4–IgG-seropositive 
patients [5]. These findings render the early identifica-
tion of seronegative NMOSD cases highly consequential 
in avoiding misdiagnoses and potentially harmful treat-
ments, as therapies such as those used to treat MS may 
worsen the clinical status of patients with NMOSD [5, 6]. 
Moreover, NMOSD causes severe and rapidly progres-
sive disease, and a high degree of suspicion is key to their 
accurate diagnosis and timely intervention to prevent 
relapses, disabilities, and long-term neurologic complica-
tions [5].

Longitudinally extensive transverse myelitis (LETM), 
described as a T2 lesion of the spine extending ≥ 3 con-
tiguous segments, has been one of the most consist-
ent magnetic resonance imaging (MRI) features of 
NMOSD [3, 7, 8]. However, a new finding, called bright 
spotty lesions (BSLs), has been identified as a charac-
teristic feature of NMOSD, thereby distinguishing it 
from MS and other etiologies of LETM [3, 9, 10]. BSLs, 
defined as hyperintense intramedullary lesions on axial 
T2-weighted images usually associated with T1 low sig-
nal, likely reflect intense damage to the spinal cord and 
are now reported to have higher specificity and sensitiv-
ity than LETM in diagnosing and discerning NMOSD 
against other causes of myelitis [2, 3, 11]. Both of these 
spinal MRI findings are crucial in differentiating seropos-
itive and seronegative cases of NMO from multiple scle-
rosis (MS), MOGAD, spinal cord infarction (SCI), and 
other causes of myelitis [7].

In our study, we aim to particularly highlight the 
importance of BSLs in diagnosing NMOSD, its specific-
ity in differentiating NMOSD from other demyelinating 
diseases, and its possible role as a prognostic factor for 
clinical outcomes.

A single-center retrospective study recruiting patients 
from the Department of Neurology within our hospital 
was performed between 08-01-2013 and 02-28-2022. We 
included 11 seropositive NMO cases with evidence of 
spinal attack from a total of 37 patients, all of whom met 
the revised 2015 International Panel for NMO Diagno-
sis (IPND) criteria and were finally selected based on the 
following: (1) age greater than 18  years; (2) laboratory-
confirmed diagnosis of NMO (i.e., presence of AQP-4 
IgG antibodies, anti-MOG antibodies, and/or oligoclonal 
bands); and (3) available MRI spine scans at the time of 
diagnosis with evident imaging findings [4]. All seron-
egative NMO cases were excluded. For comparison, we 
added a control group of 18 patients representing other 
causes of myelitis based on the inclusion criteria of: 
(1) age greater than 18 years; and (2) a confirmed diag-
nosis of multiple sclerosis (MS), idiopathic transverse 

myelitis (TM), or neurosarcoidosis, with positive spi-
nal cord lesions on imaging. No cases of MOGAD were 
included, since all patients with NMO were anti-MOG-
Ab negative.

From the eligible cases, we extracted information for 
each patient as available: age/sex, year of diagnosis, clini-
cal presentation, serology status for NMO antibodies 
(and MOG antibodies for the control group), brain and 
spinal MRI imaging findings, treatment measures, and 
outcomes (Table 2 and Additional file 1: Table S1). Fur-
ther details including, existing comorbidities, underlying 
risk factors for NMO, and a prior history of MS, TM, or 
spinal cord infarction (SCI), were also evaluated. Data 
regarding the control group was retrieved from our elec-
tronic health records (EHR) system using the Slicer Dicer 
self-service reporting tool, and all appropriate cases with 
a baseline spinal MRI were screened.

Laboratory testing included serological analysis for 
the presence of MOG and AQP4 antibodies and further 
grouping into seropositive and negative cases. The tech-
nique used to diagnose NMO was fluorescence-activated 
cell sorting (FACS) live cell-binding assay, done and 
obtained at MAYO Clinic. All patients underwent MRI 
imaging of the brain and cervico-dorsal spine. Scans were 
acquired variably on the Siemens MAGNETOM® Verio 
3.0T (Germany) and Siemens MAGNETOM® Aera 1.5T 
(Germany) machines available at our center, and subse-
quent findings were studied in depth and determined 
through manual review by two separate neuroradiolo-
gists. Besides the MRI acquisition at initial diagnosis, we 
also reviewed the follow-up scans on subsequent attacks.

Case presentations
We obtained the data of 11 individuals with seropositive 
NMO categorized in the cases group (Table 1). Similarly, 
the control group (n = 18) consisted of patients with 
alternative causes of myelitis, including MS (n = 10), idi-
opathic transverse myelitis (TM) [n = 5], and neurosar-
coidosis (n = 3) (Table 1). Detailed information regarding 
age, gender, year of diagnosis, onset and presentation, 
relevant neuroimaging findings, seropositivity for NMO, 
treatment, and outcomes are described in Table  2 and 
Additional file 1: Table S1.

All cases of NMO were female, suggesting a sex predi-
lection within this disease and in all age groups. Among 
these 11 cases, the mean age (range) was 60 (26–75) years 
at the time of diagnosis, wherein eight patients (72.72%) 
were older than 50, and only three patients (27.27%) 
were younger than 50, indicating a higher prevalence 
among the elderly (Table  1). The control group (n = 18) 
showed a contrasting demographic picture, with a mean 
age (range) of 43 (24–69) years and with 11 out of the 
18 patients (61.1%) below 50  years and 7 (38.8%) above 
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50  years of age. Moreover, in this cohort, the sex ratio 
was only slightly tilted towards the female population at 
55.5% (compared to 44.4% for men) (Table 1).

Clinical manifestations between both groups were 
diverse and overlapped significantly (Table  2 and Addi-
tional file  1: Table  S1). Some of the most common fea-
tures included progressive unilateral or bilateral lower 
extremity weakness, hemiparesis, paresthesia, facial 
pain, and visual changes (such as blurring, unilateral and 
bilateral gradual loss of vision). One case progressed to 
hypoxic respiratory failure needing mechanical ventila-
tion. Symptomatology and presentation appeared similar 
in patients with and without BSLs. All patients in the case 
group (100%) had seropositive confirmation of NMOSD, 
and all patients within the control group were NMO–IgG 
seronegative (Table  2 and Additional file  1: Table  S1); 
none of the patients in the entire study had serum anti-
MOG antibodies.

Immunotherapy was the mainstay of treatment in all 
cases, with other therapeutic regimens, including symp-
tomatic management and supportive care (Table  2 and 
Additional file  1: Table  S1). In the cases group (n = 11), 
immunotherapy was delivered either as monotherapy 
(n = 6, 54.54%) or combination therapy (n = 5, 45.45%). 
Amongst the six patients managed with monotherapy, 

rituximab was used in 3 cases (50%), satralizumab in two 
cases (33.33%), and eculizumab in one case (16.66%). 
Combination therapy included varying incorporations of 
rituximab, azathioprine, mycophenolate mofetil, IVIG, 
plasmapheresis (PLEX), oral prednisolone, and pulse oral 
steroids.

Appropriate management resulted in clinical improve-
ment in 100% of the cases, and patient outcomes (partial 
versus full recovery) were further compared between 
both groups. Within the cases group, complete recov-
ery was achieved only in one patient (9.09%) and partial 
recovery in the remaining 10 (90.9%) (Tables 1 and 2). On 
the other hand, the response to treatment was relatively 
better in the control arm, with complete recovery docu-
mented in 13 cases (72.2%) and partial recovery in five 
(27.7%) (Table 1 and Additional file 1: Table S1).

MRI imaging of the spine was available in all the 
patients, with additional imaging of the brain and orbits 
performed in the cases group. Longitudinally extensive 
transverse myelitis (LETM) (also known as longitudi-
nally extensive spinal cord lesions), depicting myelitis in 
the form of abnormal T2 signal traversing at least three 
vertebral body segments in length, was seen in 10 (90.9%) 
out of the 11 confirmed NMOSD cases and was notice-
ably absent in all control group patients.

Furthermore, five patients in the cases group (out of 
the 11) demonstrated the characteristic bright spotty 
lesions (BSLs) on MRI of the spinal cord, consisting of 
marked T2 hyperintense foci of abnormal signals (simi-
lar to or higher than CSF signal) with corresponding T1 
hypointense foci (as demonstrated in Figs.  1, 2, 3, 4, 5). 
Axial-BSLs and sagittal-BSLs were defined as above on 
axial T2-weighted images (T2WI) and sagittal T2WI, 
respectively [3]. Overall, the mean duration between the 
initial disease diagnosis and MRI acquisition for these 
cases was around 2.5  years. Out of these 5 NMO cases 
with BSLs, four (80%) also showed LETMs on MRI, while 
one patient (20%) did not. Most importantly, none of the 
patients in the control group (n = 18) exhibited BSLs on 
spinal MRI. In a larger group outside the inclusion cri-
teria, we recorded three cases of MOGAD, and none of 
them had BSLs on review of their MRI spine either.

Conclusions
Neuromyelitis optica spectrum disorders (NMOSD) rep-
resent a range of complex diseases diagnosed through 
clinical examination, serologic testing for AQP4 (NMO)–
IgG antibodies, and MRI imaging (with and without 
gadolinium) [2]. The presence of AQP4–IgG in the blood 
is the main pathogenic factor for NMO [6]. The Inter-
national Panel for NMO Diagnosis (IPND) revised and 
developed the consensus diagnostic criteria for NMO 
in 2015 and defined the unifying term NMOSD using 

Table 1 General characteristics and comparison of patients in 
cases with NMO (n = 11) and control arm (n = 18)

NMO: neuromyelitis optica; BSLs: bright spotty lesions, LETM: longitudinal 
extensive transverse myelitis

Variable n (%)

Age ratio (Above and equal to 50: below 50)

 Cases group 8:3

 Control Group 7:11

Gender (Female and Male ratio)

 Cases group 11:0

 Control group 10:8

MRI spine findings—presence of bright spotty lesions

 Cases group 5(45.45%)

 Control group 0

MRI spine findings—presence of LETM

 Cases group 10 (90.9%)

 Control group 0

Presence of BSLs and LESCL in Cases Group (NMO) (n = 5)

 BSLs with LETM 4(80%)

 BSLs without LETM 1(20%)

Seropositivity for NMO antibodies

 Cases Group 11(100%)

 Control group 0

Recovery (Partial recovery: full recovery)

 Cases group 10:1

 Control group 13:5
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clinical and MRI characteristics, which was further 
stratified by serologic testing into NMOSD with AQP4–
IgG positivity and NMOSD with negative or unknown 
AQP4–IgG status [2, 3, 12].

NMOSD often displays a relapsing–remitting course 
and typically presents with either monophasic or recur-
rent attacks of optic neuritis (ON) and transverse myelitis 
(TM), often leading to severe disability and occasionally 
life-threatening respiratory failure [12, 13]. Demographi-
cally, NMO is usually a disease seen in middle-aged 
women around 35–45  years of age (roughly a decade 
older than MS), but it can also occur in children and the 
elderly. It has a highly evident preponderance for females 
seen primarily among seropositive patients [5, 13]. These 
findings are clearly reflected in our study, since all the 
seropositive NMO cases were female, and most patients 
presented between 65 and 75 years of age (Tables 1 and 
2). Moreover, the course and prognosis of NMOSD are 
variable, with some patients suffering chronic disabilities 
due to relapsing episodes [2]. Existing literature demon-
strates that up to a quarter of patients fully recover with 
immunotherapy, supportive treatment, and rehabilita-
tion, while less than 10% do not show any recovery [2]; 

this is reproduced in our analysis, where partial recovery 
was seen in 90% of the cases in our study and only one 
patient gained a full recovery (Tables 1 and 2).

MRI is the most crucial imaging technique in the dif-
ferential diagnosis of NMOSD and should always include 
imaging of the entire CNS (cranial and spinal cord MRI), 
irrespective of the presenting signs and symptoms [14]. 
MR imaging clues to the diagnosis of NMOSD are lon-
gitudinally extensive lesions of the optic nerve (more 
than half the length) and spinal cord (three or more ver-
tebral segments, which differ from MS, demonstrated by 
short, multiple lesions, bilateral optic nerve lesions and 
lesions of the optic chiasma) [14, 15]. Of note, an LETM 
(or LESCL) MRI pattern may occur in patients with vari-
ous other demyelinating and CNS inflammatory disor-
ders, including MS, MOGAD, and acute disseminated 
encephalomyelitis (ADEM), or in certain infections, 
neoplastic and paraneoplastic diseases [11]. Co-existing 
features, such as cervico-medullary junction involve-
ment, a higher cord expansion ratio, BSLs, and female sex 
are highly indicative of AQP4-antibody seropositivity in 
patients with LETM and may further predict a diagnosis 
of NMOSD [16].

Fig. 1 MRI sagittal T2 image (A) of the thoracic spine demonstrates an intramedullary mid-thoracic cord lesion (yellow arrow), with a corresponding 
focus that is as bright or brighter than CSF on the axial images (B) (yellow arrow)
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Fig. 2 MRI sagittal T2 image (A) of the cervical spine demonstrates longitudinally extensive T2 hyperintense cord lesions (yellow arrow), with 
corresponding foci that are as bright or brighter than CSF on the axial images (B) (yellow arrow)

Fig. 3 MRI sagittal T2 image (A) of the cervical spine demonstrates longitudinally extensive T2 hyperintense cord lesions (yellow arrow), with 
corresponding foci that are as bright or brighter than CSF on the axial images (B) (yellow arrow)
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Fig. 4 MRI sagittal T2 image (A) of the cervical spine demonstrates longitudinally extensive T2 hyperintense cord lesions (yellow arrow), with 
corresponding foci that are as bright or brighter than CSF on the axial images (B) (yellow arrow)

Fig. 5 MRI sagittal T2 image (A) of the thoracic spine demonstrate a longitudinal extensive intramedullary mid-thoracic cord lesion (yellow arrow), 
with a corresponding focus that is as bright or brighter than CSF on the axial images (B) (yellow arrow)
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Bright spotty lesions (BSLs) are characterized as 
intramedullary and markedly hyperintense lesions on 
axial T2-weighted images (T2WI) without flow void 
effects, with either a higher or equal signal intensity to 
the surrounding CSF. They have recently been described 
as the most striking NMO spinal MRI finding compared 
to MS and are highly specific for NMO, helping to distin-
guish NMOSD from other etiologies of LETM and CNS 
inflammatory disorders, such as MS, MOGAD, neurosar-
coidosis, and transverse myelitis (TM) [2, 17]. The patho-
physiology of BSLs remains unknown, but they likely 
correspond to transient necrotic areas with cystic inflam-
matory lesions due to astrocytic impairment associated 
with the loss of AQP-4. These lesions are not as hypoin-
tense as CSF on the T1-weighted images, distinguishing 
bright spotty lesions from syringomyelia, and the axial 
T2W sequence is an essential MRI series to evaluate 
BSLs [13].

NMO was historically understood as a variant of MS, 
and since their clinical manifestations and radiologic 
findings often co-occur, the disease is frequently misi-
dentified as MS. Similarly, the distinction of NMO from 
spinal cord infarction (SCI) is also necessary, as these 
disease processes may be misdiagnosed clinically and on 
imaging. However, with proper evaluation, these con-
ditions can be distinguished from NMOSD based on 
their clinical, radiological, and spinal fluid analyses [14]. 
More specifically, NMOSD patients typically present 
with highly characteristic BSLs, compared to patients 
with SCI and MS [18]. Moreover, MOGAD, now consid-
ered a distinct disease entity from NMOSD, was initially 
believed to be a part of AQP4–IgG-negative NMOSD 
due to the presence of anti-MOG antibodies in a subset 
of seronegative NMOSD patients [19]. LETM is a clas-
sical spinal MRI feature of MOGAD, but BSLs, on the 
other hand, are rarely seen in MOG–IgG myelitis and 
are more representative of AQP4–IgG myelitis. BSLs, 
in fact, are crucial for the differentiation of MOGAD 
from NMOSD during the acute phase [20]. This was 
depicted in a review by Kim et al. in which none of the 49 
MOG–IgG myelitis patients exhibited BSLs, while 30% of 
patients with AQP4–IgG myelitis had BSLs in the acute 
phase when the original definition of BSL was applied 
[19]. Likewise, none of the NMO cases in our study had 
anti-MOG antibodies, and conversely, out of the three 
AQP4-seronegative MOGAD patients, none showed 
BSLs on spinal imaging (Table 2).

Another study by Sylvain Rabasté et  al. reported that 
the specificity of axial-BSLs for AQP4 + NMOSD patients 
was 94.0% (95% CI (3)). The sensitivity was 40.0% (95% CI 
(3)), and in the multivariable analysis, the only MRI fea-
ture associated with AQP4–IgG positivity was the pres-
ence of axial-BSLs (OR: 9.2, 95% CI (3); p = 0.022) (3). In 

a parallel investigation by Yonezu et al. BSLs were more 
frequently observed in patients with NMO (54%) than in 
those with MS (3%; p < 0.01). LETM was found in 67% of 
NMO patients, and BSLs were seen in 63% of the patients 
without LETM. BSLs or LETM were documented in 88% 
of the NMO patients [9, 10]. Remarkably, out of 11 sero-
positive NMO cases in our study, LETM was discovered 
in 90.9%, BSLs in 80%, and BSLs without LETM in 20% of 
patients (Tables 1 and 2). Analogizing the case and con-
trol groups, we could confidently hypothesize that BSLs 
were more specifically seen with NMOSD, as opposed to 
MS, idiopathic TM, and neurosarcoidosis, since none of 
these cases revealed BSLs on spinal imaging (Table 1 and 
Additional file 1: Table S1). In addition, AQP4–IgG anti-
bodies, routinely present during an acute NMO attack, 
have disappeared over time in many instances, poten-
tially yielding the diagnosis of NMO challenging in these 
cases. Hence, BSLs are of significant value in providing 
a timely and accurate diagnosis of NMOSD, especially in 
those who are AQP4 IgG-seronegative, where the diag-
nosis is ambiguous.

In summary, NMOSD are considered rare disorders 
as they have often been misdiagnosed as (or considered 
a variant of ) MS, with some overlapping clinical, labora-
tory, and imaging features with MS and MOGAD. Our 
study investigates and highlights the importance of a 
striking new spinal imaging finding called ‘Bright Spotty 
Lesions’ (BSLs) for the early detection of NMOSD and 
to help distinguish NMOSD from other forms of myeli-
tis (mainly MS). Patients with NMOSD in this study 
were found to have a higher number of BSLs and T1 
dark lesions on MRI as opposed to patients with MS. We 
conclude that axial-BSLs are a highly useful and reliable 
marker in diagnosing and discriminating seropositive 
NMOSD patients from potential mimickers on imaging 
(such as cord infarcts), and from other neuroinflamma-
tory causes of myelitis, including MS, transverse myelitis 
(TM), neurosarcoidosis, and MOGAD. BSLs have much 
greater specificity than LETM and can be used in com-
bination with LETM to help differentiate patients with 
NMOSD from those with MS with a higher sensitivity 
than LETM alone. However, despite the high specific-
ity, they also demonstrated a low sensitivity (45%) for 
NMOSD. Moreover, this study exclusively involves the 
original data of a single center with a limited number of 
cases, which establishes the need for future multicenter 
studies (with a larger sample size) on BSLs to corroborate 
our findings and validate the neurodiagnostic relevance 
of BSLs in NMOSD and the differential diagnosis of CNS 
inflammatory disorders.
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