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INTRODUC TION

Longitudinally extensive transverse myelitis (LETM) is a characteris-
tic feature of neuromyelitis optica spectrum disorders (NMOSDs) [1]; 
however, it can also be observed in other inflammatory disorders 

and in infectious, vascular, metabolic or neoplastic diseases [2]. 
An immunoglobulin G (IgG) autoantibody binding the aquaporin-4 
channel (AQP4) can be detected in up to 90% of NMOSD patients. 
Early recognition of AQP4-IgG positive (AQP4-IgG+) LETM and 
prompt immunotherapy are critical, as longer delay to diagnosis and 
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Abstract
Background and purpose: Longitudinally extensive transverse myelitis (LETM) associated 
with aquaporin-4 autoantibodies (AQP4-IgG) can cause severe disability. Early diagnosis 
and prompt treatment are critical to prevent relapses. A novel score is described based 
on clinical and neuroimaging characteristics that predicts AQP4-IgG positivity in patients 
with LETM.
Methods: Patients were enrolled both retrospectively and prospectively from multiple 
Italian centers. Clinical and neuroimaging characteristics of AQP4-IgG positive and nega-
tive patients were compared through univariate and multivariate analysis.
Results: Sixty-six patients were included. Twenty-seven (41%) were AQP4-IgG positive 
and median age at onset was 45.5 years (range 19–81, interquartile range 24). Female sex 
(odds ratio [OR] 17.9, 95% confidence interval [CI] 2.6–381.9; p = 0.014), tonic spasms (OR 
45.6, 95% CI 3.1–2197; p = 0.017) and lesion hypointensity on T1-weighted images (OR 
52.9, 95% CI 6.8–1375; p = 0.002) were independently associated with AQP4-IgG positiv-
ity. The AQP4-IgG positivity in myelitis (AIM) score predicted AQP4-IgG positivity with 
85% sensitivity and 95% specificity. Positive and negative likelihood ratios were 16.6 and 
0.2 respectively. The inter-rater and intra-rater agreement in the score application were 
both excellent.
Conclusions: The AIM score predicts AQP4-IgG positivity with good sensitivity and spec-
ificity in patients with a first episode of LETM. The score may assist clinicians in early 
diagnosis and treatment of AQP4-IgG positive LETM.
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treatment leads to higher disability [3]. However, AQP4-IgG testing 
is not always readily available, and a long turnaround time for the 
assay results may delay NMOSD diagnosis. In this study, our objec-
tive was to develop a score to predict AQP4-IgG positivity in pa-
tients with LETM.

METHODS

Study subjects

The study was approved by the Ethics Committee of the Fondazione 
Policlinico Universitario A. Gemelli (FPUG) (protocol #5293/15). All 
patients gave their informed consent to participate and the study 
was conducted in conformity with the World Medical Association 
Declaration of Helsinki.

Patients referred to the Neurology Unit of the FPUG (2012–
2020) and the Fondazione Mondino Istituto Neurologico Nazionale 
(Pavia) (2015–2020) were retrospectively recruited. Additionally, 
patients were prospectively enrolled from 2020 to 2022 from the 
Neurology Unit of FPUG, Verona and other Italian centers (Naples, 
Chieti and Legnago). Demographic and clinical data were collected 
from the medical charts at patient admission.

Patients with the following criteria were included: (i) ≥18 years 
of age; (ii) first episode of isolated LETM, defined as an intramedul-
lary hyperintense lesion on T2-weighted (T2W) magnetic resonance 
imaging (MRI) spanning three or more complete vertebral segments; 
(iii) acute/subacute onset of symptoms (nadir within 15 days); (iv) spi-
nal cord MRI performed within 15 days from onset and before immu-
notherapy. Patients with compressive myelopathy, previous history 
of optic neuritis and hyperacute onset (nadir <4 h) were excluded [1].

Neuromyelitis optica spectrum disorder was diagnosed ac-
cording to the 2015 International Consensus Diagnostic Criteria 
[1]. Intractable nausea and/or vomiting was defined as acute/sub-
acute onset of nausea, vomiting and/or hiccups lasting ≥48 h [4]. 
Autoimmune comorbidity identified patients with a diagnosis of sys-
temic lupus erythematosus, Sjögren syndrome and/or myasthenia 
gravis [1].

AQP4-IgG testing

Patients' serum was tested for AQP4-IgG with a commercially avail-
able cell-based assay (Euroimmun, Leipzig) [5] and for myelin oligo-
dendrocyte protein (MOG)-IgG, as previously described [6].

Neuroimaging

All patients underwent brain and spinal cord MRI with a scanner 
of at least 1.5 T. Spinal cord imaging included sagittal and axial T1-
weighted (T1W) and T2W sequences, and T1W contrast-enhanced 
imaging after gadolinium administration. Bright spotty lesions (BSLs) 

were defined as small spotty lesions with intensity in T2W images 
equal or superior to that of cerebrospinal fluid [7].

In the prospective cohort, two raters (R.I., L.C.) independently 
applied the AQP4-IgG positivity in myelitis (AIM) score whilst 
blinded to the results of AQP4-IgG and MOG-IgG testing and the 
definitive diagnosis. The score was applied at time zero (t = 0), and 
then after 2 weeks (t = 15) to explore intra-rater reliability. Available 
axial T2W MRI images were independently reviewed by two raters 
(R. I. and L.C. in Rome, M.G. and L.A. in Pavia) for identification of 
BSLs, both at t = 0 and t = 15. In the case of discordance the images 
were revised and discussed until a consensus was reached.

Statistical analysis

Univariate analysis comparing AQP4-IgG+ and negative (AQP4-
IgG−) patients was performed with Fisher's exact test and the non-
parametric Mann–Whitney U test. Significance was set at p < 0.05. 
A multivariable logistic regression model was built to identify co-
variates independently associated with AQP4-IgG positivity. All co-
variates with p < 0.20 at univariate analysis were initially inserted, 
and then a backward stepwise selection approach was applied to 
find the best fitting reduced model. The analysis was performed 
with JMP 13.0 (SAS Institute). Reliability was assessed through the 
intra-class correlation coefficient (ICC) for continuous variables and 
Cohen's K index for categorical variables.

RESULTS

Clinical and neuroimaging characteristics of patients 
with LETM and AQP4-IgG

Forty-four patients with a first episode of LETM were retrospec-
tively identified, whilst 22 patients were prospectively enrolled, for 
a final cohort of 66 patients. Demographic, clinical and paraclinical 
features of AQP4-IgG+ and AQP4-IgG− patients are summarized in 
Table S1.

Twenty-seven patients (41%) tested positive for AQP4-IgG. 
Median age at onset was 45.5 years (range 19–81, interquartile range 
24). Tonic spasms manifested early in the disease course (within the 
first 2 weeks from onset) in all patients. On univariate analysis, the 
female-to-male ratio was significantly higher in the AQP4-IgG+ 
group (p = 0.002). AQP4-IgG+ patients more frequently experi-
enced intractable nausea and/or vomiting (p = 0.002), tonic spasms 
(p < 0.001) and autoimmune comorbidity (p = 0.003). Conversely, 
history of prodromal fever or flu-like symptoms associated signifi-
cantly with AQP4-IgG negativity (p = 0.018).

In AQP4-IgG+ patients the lesion more often involved the cer-
vical cord or area postrema (p = 0.004 and p = 0.003 respectively). 
Additionally, involvement of central gray matter (p = 0.038) and hy-
pointensity in T1W images (T1WI) (p < 0.001) were significantly as-
sociated with AQP4-IgG positivity.
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Final diagnoses of AQP4-IgG− patients were 15/39 (38%) idio-
pathic LETM, 10/39 (26%) MOG-IgG associated disease, 5/39 (13%) 
ischaemic myelopathy, 4/39 (10%) seronegative NMOSD, 2/39 (5%) 
post-infectious myelitis, 2/39 (5%) granulomatous central nervous 
system disorder, 1/39 (3%) acute disseminated encephalomyelitis.

On multivariate analysis, female sex (odds ratio [OR] 17.9, 95% 
confidence interval [CI] 2.6–381.9; p = 0.014), tonic spasms (OR 
45.6, 95% CI 3.1–2197; p = 0.017) and lesion hypointensity on T1WI 
(OR 52.9, 95% CI 6.8–1375; p = 0.002) were independently associ-
ated with AQP4-IgG positivity.

Bright spotty lesions

Axial T2W MR images were available for 38 patients, of whom 15 
(39%) were AQP4-IgG+. BSLs were observed in 9/15 (60%) AQP4-
IgG+ versus 4/23 (17%) AQP4-IgG− patients (p = 0.013) and were 
60% sensitive and 83% specific in detecting seropositivity. The 
inter-observer agreement was good at t = 0 (K index = 0.74) and mod-
erate at t = 15 (K index = 0.54). Intra-observer agreement was good 
for both raters (K index = 0.74 and 0.79).

Score development and application

Based on the previously illustrated results, the AIM score was cre-
ated featuring nine items (range −1 to 13 points) (Table 1). A score ≥5 
is considered positive.

In the retrospective cohort (n = 44), sensitivity was 87% and 
specificity 90%. Among the prospectively enrolled patients (n = 22), 
four (18%) were AQP4-IgG+; the AIM score had 75% sensitivity and 
100% specificity, since none of the AQP4-IgG− patients had a score 
≥5 but one of the four seropositive patients had a score of 4.

Applied to the whole population, the AIM score was 85% sen-
sitive and 95% specific in predicting AQP4-IgG positivity, with 91% 
accuracy (95% CI 81.3%–96.6%) and area under the curve of 93% 
(95% CI 85%–99%) (Figure 1a,b). The positive likelihood ratio and the 
negative likelihood ratio were 16.6 and 0.2 respectively. Estimating a 

TA B L E  1  The aquaporin-4 IgG positivity in myelitis (AIM) score.

Items Points

Female sex 2

Intractable nausea and vomitinga 2

Tonic spasms 2

Neurogenic pruritus 2

Autoimmune comorbidityb 1

Lesion site—medulla 1

Lesion site—cervical cord 2

Hypointense lesions on T1WI 1

Absence of central gray matter involvement −1

Abbreviations: IgG, immunoglobulin G; T1WI, T1-weighted images.
aPresence or history of.
bDiagnosis of systemic lupus erythematosus, Sjögren syndrome or 
myasthenia gravis.

F I G U R E  1  Sensitivity and specificity of the aquaporin-4 IgG positivity in myelitis (AIM) score. (a) Distribution of the AIM score in the 
whole population according to aquaporin-4 IgG positivity. (b) Receiver operating characteristic curve for the AIM score. The score yields a 
sensitivity of 85%, specificity of 95% and accuracy of 91%. (c) Simple logistic regression analysis showing predicted fraction of aquaporin-4 
IgG positivity in patients with a first episode of LETM, according to different values of the AIM score. The red dotted line indicates the AIM 
score cut-off of 5.
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pre-test probability of 40% of detecting AQP4-IgG in LETM patients, 
the positive and negative post-test probabilities were 92% and 10%.

An increasing score correlated directly with increasing risk of 
AQP4-IgG positivity (Figure 1c): with a score of 5, the risk is 62%, 
reaching a probability of 82% with a score of 6 and of 92% with 7. 
A score equal or superior to 8 identifies AQP4-IgG positivity with 
a high level of probability (97%–100%). Conversely, a score ranging 
between −1 and 1 virtually excludes seropositivity, with a risk be-
tween 0% and 3%. Inter-observer and intra-observer agreement in 
the application of the score were excellent (ICC = 1).

DISCUSSION

Herein, a novel clinical score is described to predict AQP4-IgG posi-
tivity in patients with a first episode of LETM. The AIM score has a 
high sensitivity and specificity, strengthened by its significant reli-
ability. It is a short, easy and practical score, meant to be applied by 
the neurologist after a thorough clinical evaluation and when the 
spinal cord MRI results are available.

Our results are in line with previous studies aiming at differen-
tiating AQP4-IgG+ myelitis from seronegative NMOSD and other 
etiologies. It was confirmed that AQP4-IgG+ patients are predom-
inantly female [8–12] and are often affected by tonic spasms [9], 
intractable nausea/vomiting [9, 11] and systemic autoimmunity 
[10–12]. Cervico-medullary involvement and T1 hypointensity were 
characteristic of AQP4-IgG+ patients, as previously reported [8, 9, 
13]. It was also observed that BSLs were highly specific for AQP4-
IgG+ LETM, and the relative intra-rater and inter-rater agreement 
ranged from moderate to good [8, 14]. Nonetheless, despite being 
a valuable aid in the differential diagnosis, BSL recognition remains 
operator-dependent and requires specific expertise.

The majority of NMOSD attacks are treated with high-dose 
steroids as first-line therapy; however, recovery is frequently in-
complete [15]. Adjunction of a second treatment course improves 
outcome, and plasma exchange appears especially effective in iso-
lated spinal attacks [15]. In this regard, the AIM score could provide 
clues for rapid and targeted therapeutical decisions, allowing for 
both a shorter delay to immunotherapy and the timely implementa-
tion of combined treatment regimens.

Study limitations include its small sample size and the retrospec-
tive collection of data with the related possible observer bias; more-
over, information on some clinical features was not systematically 
collected for the whole cohort.

In conclusion, the AIM score is highly sensitive and specific, emerg-
ing as a useful tool for the early detection of AQP4-IgG+ NMOSD. It 
is proposed that patients with a positive score should be treated early 
with plasma exchange to limit disability and improve outcome. Further 
studies on larger populations are needed to validate the score.
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