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Abstract Longitudinally extensive transverse myelitis
(LETM) is a characteristic feature of Neuromyelitis Optica
(NMO), but it can also occur in several other inflammatory
diseases of the central nervous system (CNS). An IgG
autoantibody that binds to aquaporin-4 (AQP4), the pre-
dominant water channel of the CNS, is a reliable biomarker
of the NMO spectrum disorders, and if detected predicts
the recurrence of the myelitis. In this study, we compared
the clinical and neuroimaging characteristics of AQP4-
IgG+ and AQP4-IgG— LETM patients. Thirty-seven first-
ever LETM patients were retrospectively evaluated and
divided into two groups according to the presence of AQP4
autoantibodies. AQP4-IgG was detected in the serum and
in the cerebrospinal fluid of sixteen patients. The female to
male ratio was higher in AQP4-IgG+ patients. Intractable
nausea and vomiting and paroxysmal tonic spasms often
accompanied the LETM in AQP4-IgG+ patients. T2-
weighted spinal cord MRI revealed that inflammatory
lesions extending into the brainstem and involving the
central grey matter occurred more frequently in AQP4-
IgG+ LETM patients. Hypointense lesions on T1-weighted
spinal cord MRI were detected more frequently in the
seropositive group, and their presence correlated with
attack severity. In conclusion, this study provides clinical
and spinal cord neuroimaging clues that can help distin-
guishing AQP4-IgG+ LETM patients.
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Introduction

Longitudinally extensive transverse myelitis (LETM) is a
characteristic feature of Neuromyelitis Optica (NMO) [1,
2], but it can also occur in several other inflammatory
diseases of the central nervous system (CNS), such as acute
disseminated encephalomyelitis, sarcoidosis and HTLV-1-
associated myelopathy [3].

NMO is an autoimmune astrocytopathy that preferen-
tially affects the optic nerve and spinal cord [1]. An IgG
biomarker that binds to aquaporin-4 (AQP4), the predom-
inant water channel of the CNS, distinguishes the spectrum
of NMO from multiple sclerosis (MS) and other inflam-
matory diseases of the CNS [2]. This autoantibody binds to
the AQP4 extracellular domain and is considered to have
pathogenic potential [4, 5]. The detection of the AQP4-IgG
autoantibody predicts the recurrence of the myelitis and the
development of optic neuritis [6-8]. However, the clinical
and radiological characteristics of isolated LETM associ-
ated with AQP4 autoantibodies remain to be fully eluci-
dated. In this study, we evaluated the neuroimaging and the
clinical features of LETM in relation to the AQP4-IgG
serostatus.

Patients and methods

Study subjects

In this retrospective study with longitudinal follow-up, we
performed a chart and neuroimaging review of patients
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with a first episode of isolated LETM admitted at the
Multiple Sclerosis Center of the Catholic University
between 1998 and 2012. The following inclusion criteria
were adopted:

(a) inflammatory transverse myelitis as defined by the
transverse myelitis working group [9]; (b) inflammatory
lesions of the spinal cord extending over at least three
contiguous vertebral segments; (c) available spinal cord
MRI images performed at the time of the LETM onset
(within 2 weeks).

Informed consent was given by all the patients to get their
records and MRI images reviewed. All patients included in
the study underwent neurological examination and MRI
before starting the immunosuppressive therapy. NMO was
diagnosed according to the 2006 diagnostic criteria [10].
Cerebrospinal fluid (CSF) analysis was performed during the
acute phase of the myelitis in all patients. Serological and
CSF evaluation excluded viral and bacterial infections in all
patients at the time of LETM. Patients’ neurological dis-
ability at the attack nadir was assessed using the Kurtzke
Expanded Disability Status Scale (EDSS).

AQP4-1gG testing

Sera and CSF obtained from all patients were tested for
AQP4-IgG by a cell-based assay (CBA) (Euroimmun,
Luebeck, Germany) [11].

Sera and CSF that yielded a negative result were also
tested by an in-house Flow Cytometry assay employing
HEK?293 cells transiently transfected with cDNA encoding
the M23 isoform of AQP4, as previously described [12].

Neuroimaging

Brain and spinal cord MRI were acquired using a 1.5-Tesla
scanner. Duration of the disease at MRI examinations was
not different between AQP4-IgG+ and AQP4-IgG—
patients (days from attack onset to MRI [mean & SD]:
2.43 £ 1.09 vs. 2.25 £ 0.96). Brain coronal, sagittal and
axial Fluid Attenuated Inversion Recovery and T2-weigh-
ted images, as well as T1-weighted images before and after
gadolinium administration have been evaluated. Spinal
cord sagittal and axial T2-weighted images as well as T1-

Table 1 Demographic and
clinical data of the patients

included in the study

AQP4 aquaporin-4, FU follow-
up; CSF cerebrospinal fluid;
LETM longitudinally extensive
transverse myelitis, NMO
neuromyelitis optica, NMOSD
neuromyelitis optica spectrum
disorder (relapsing LETM and
AQP4-1gG positivity), mLETM
monophasic longitudinally
extensive transverse myelitis,
rLETM relapsing longitudinally
extensive transverse myelitis,
EDSS Expanded disability
status scale, ON optic neuritis
a

AQP4-IgG+LETM  AQP4-IgG—LETM p
No. of subjects 16 21
Females 15 (94 %) 8 (38 %) 0.0006
Mean age (range) 43 (11-71) 48.9 (8-78) NS
Mean FU (months) 53 (7-146) 38 (12-100) NS
CSF-restricted oligoclonal bands 3 (19 %) 5 (24 %) NS
Diagnoses at the last FU NMO, 12 NMO, 3
rLETM, 4 mLETM, 13

idiopathic: 10

sarcoidosis: 1

paraneoplastic: 1

Sjogren’s syndrome: 1

rLETM, 5

idiopathic: 5
Clinical characteristics at the time

of first LETM attack

Weakness 16 (100 %) 17 (81 %) NS
Sensory symptoms 16 (100 %) 20 (95 %) NS
Sphincteric dysfunction 8 (50 %) 6 (29 %) NS
Intractable nausea and vomiting 9 (56 %) 0 (0 %) < 0.0001
Hiccups 1(6 %) 0 (0 %) NS
Paroxysmal tonic spasms 6 (38 %) 15 %) 0.0287
EDSS at nadir 5.4 + 1.84° 5.5 + 1.96* NS
Relapse characteristics
Relapsing patients 12 (75 %) 5 (24 %) 0.003
ON (at least one episode during FU) 8 (50 %) 3 (14 %) 0.030
LETM (at least one episode during FU) 10 (63 %) 5 (24 %) 0.023
Number of attacks, mean (range) 1.1 (0-3) 0.4 (0-2) 0.0056

values indicate the
mean =+ standard deviation
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weighted images before and after gadolinium administra-
tion have been evaluated.

Statistical analysis

Statistical power (1-p) was assessed as post-hoc analysis by
means of G*Power [13]. Fisher’s exact test was performed
to compare demographic, clinical data and MRI findings
between AQP4-IgG+ and APQ4-IgG— patients with
LETM. The nonparametric Mann—-Whitney U test was
employed for between-group comparisons. The Spear-
man’s rank correlation was used to assess the correlation
between T1-hypointense lesions of the spinal cord and
disability.

Results
Patients

Clinical record review identified 37 patients (22 females,
67 %) with a first-ever episode of isolated LETM. The
demographic and clinical data of the patients included in
the study are summarized in Table 1. Patients’ mean age
was 46.6 years old (range 8—78 years). The follow-up mean
was 44 months (range 7-146 months). CSF samples from
all patients were tested for AQP4-IgG. AQP4-IgG was
detected in both the serum and the CSF of 16 patients
(43 %). Sera and CSF that resulted negative by the CBA
were tested by the Flow Cytometry assay. However, none
of the samples tested negative by the CBA resulted positive
by the Flow Cytometry assay.

The female to male ratio was higher in AQP4-1gG+
patients (p = 0.0006). There was no difference in the mean
age and months of follow-up between the seropositive and
seronegative patients. Oligoclonal bands were detected in
3/16 (19 %) AQP4-IgG+ patients and in 5/21 (24 %)
AQP4-IgG— patients.

At the last follow-up, 15 patients were diagnosed as
having NMO (three patients received a diagnosis of sero-
negative NMO), fulfilling the Wingerchuck et al. [1] cri-
teria, and four patients received a diagnosis of NMO
Spectrum Disorder (NMOSD) (relapsing LETM and
AQP4-IgG seropositivity). Four AQP4-IgG+ patients had
a previous history of optic neuritis and converted to clini-
cally defined NMO when the LETM occurred.

All seronegative NMO patients had a monophasic
course. AQP4-IgG— patients were treated with intravenous
methylprednisolone (1 g/day for 5 days) followed by a
tapering dose of prednisone per os for 6 months.

The diagnoses of the remaining AQP4-IgG— patients at
the last follow-up were: monophasic LETM in 13 patients
(idiopathic, 10; sarcoidosis, 1; paraneoplastic [Yo-IgG+],
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1; Sjogren’s syndrome, 1) and relapsing LETM in five
patients.

Clinical characteristics

There was no difference between the AQP4-IgG+ and
AQP4-IgG— LETM patients in the frequency of clinical
symptoms such as weakness, sensory disturbances or
sphincteric dysfunction. However intractable nausea and
vomiting (56 % of AQP4-IgG+ vs. 0 % of AQP4-IgG—
patients, p = <0.0001) and paroxysmal tonic spasms
(38 % of AQP4-IgG+ vs. 5 % of AQP4-IgG negative
patients, p = 0.0287) occurred more frequently in the
seropositive group. We did not find any significant differ-
ence between the two groups in the disability assessed by
EDSS, at attack nadir (e.g. the highest EDSS documented).
A higher percentage of seropositive patients experienced a
relapse during the follow-up compared to seronegative
patients (p = 0.03). In particular, the occurrence of optic
neuritis (p = 0.003) and the recurrence of LETM
(p = 0.023) were more frequently observed in the AQP4-
IgG+ group during the follow-up. AQP4-IgG+ patients
experienced a higher number of attacks during the follow-
up (p = 0.0056).

Table 2 Features of MRI abnormalities in aquaporin-4-IgG positive
and aquaporin-4-IgG negative patients with LETM

AQP4- AQP4-1gG— p
IgG+LETM LETM
(n = 16) (n =21)
Brain lesions 8 (50 %) 7 (33 %) NS
(hyperintense on T2-
WI)
Length of spinal cord 5.5 &+ 3.0° 457 +£22 NS
lesions (VS)
Brainstem involvement 10 (63 %) 0 (0 %) <0.0001
(medulla oblongata)
Spinal cord levels NS
involved
Cervical 15 (94 %) 13 (62 %) NS
Thoracic 8 (50 %) 13 (62 %) NS
Cervical 4+ Thoracic 9 (56 %) 5 (24 %)
Central grey matter 15 (94 %) 12 (57 %) 0.0230
White matter columns 5 (31 %) 13 (62 %) NS
Hypointense lesion on 12 (75 %) 7 (33 %) 0.0201
T1-WI
Gd-enhancing lesion 15 (94 %) 15 (71 %) NS

WI weighted images, NS not statistically significant, VS vertebral
segments, AQP4 aquaporin-4, LETM longitudinally extensive trans-
verse myelitis, Gd gadolinium

# values indicate the mean =+ standard deviation
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MRI findings

The MRI abnormalities of AQP4-IgG+ and AQP4-1gG—
patients are summarized in Table 2. There was no difference
in the frequency of brain lesions, in the length of spinal cord
lesions and in the frequency of the cervical or the thoracic
cord involvement between AQP4-IgG+ and AQP4-IgG—
patients. None of the patients included in the study had more
than one spinal cord lesion. A contiguous inflammatory
lesion extending into the medulla and involving the area
postrema region was observed in 10/16 (66 %) of the AQP4-
IgG+ patients (Fig. 1) and in none of AQP4-IgG— LETM
patients (p = <0.0001). Nine AQP4-IgG+ patients with the
medullospinal inflammatory lesion experienced intractable
nausea and vomiting during the attack. The spinal cord

central grey matter was more frequently involved in sero-
positive patients (15/16, 94 % vs. 12/21, 57 %; p = 0.0230).
Post-contrast T1-weighted images revealed no difference in
the frequency of gadolinium-enhancing lesions between
seropositive and seronegative patients. Hypointense lesions
on Tl-weighted images were detected more frequently
in AQP4-IgG+ patients (12/16, 75 % vs. 7/21, 33 %;
p = 0.0201). All LETM patients (p = 0.0087) and AQP4-
IgG+ LETM patients (p = 0.0077) with T1-hypointense
lesions presented a higher degree of disability at the attack
nadir. The EDSS score at the attack nadir significantly cor-
related with Tl-hypointensity in all LETM patients
(p = 0.0090; r = 0.42) and in AQP4-IgG+ (p = 0.0099;
r = 0.65) patients but not in AQP4-IgG— patients
(p = 0.069; r = 0.4) (Fig. 2).

Fig. 1 Representative spinal cord MRI images of two different
AQP4-IgG+ (A, B, C, F) and one AQP4-1gG— (D, E) LETM patients.
Sagittal T2-weighted spinal cord MRI images of AQP4-IgG+ patients
show longitudinally extensive inflammatory lesions involving the
cervical cord and extending into the medulla oblongata (A, C). Axial
T2 weighted images (insert in A and D) show the preferential

involvement of the central grey matter in a AQP4-IgG+ patient
(insert in A) and the involvement of the posterior columns in a AQP4-
IgG— patient (insert in D). Hypointense lesions are evident on sagittal
T1-weighted MRI images of the AQP4-IgG+ patients (B, F) but not
in the AQP4-IgG— patient (E)
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Fig. 2 Expanded disability status scale (EDSS) score of patients with
longitudinally extensive transverse myelitis (LETM) at attack nadir.
A significant statistical difference in the EDSS score was observed in
LETM patients (A) and AQP4-IgG+ patients (B) with hypointense
lesions on spinal cord T1-weighted MRI images compared to patients
with T1-isointense lesions. No significant difference in EDSS score

Discussion

In this study, we observed distinctive clinical and neuro-
imaging characteristics in patients with first-ever LETM
harboring AQP4 autoantibodies.

Intractable nausea and vomiting and paroxysmal tonic
spasms often accompanied the LETM in AQP4-IgG+
patients. These findings are consistent with previous stud-
ies demonstrating that both intractable nausea and vomiting
and paroxysmal tonic spasms are distinctive clinical man-
ifestations of NMO [14-16]. Thus, the presence of these
clinical symptoms may be of help in distinguishing the
AQP4-IgG+ LETM patients.

The neuroimaging findings revealed a different topo-
logical distribution of the lesions in the vertical and hori-
zontal planes of the spinal cord in AQP4-IgG+ LETM
patients. In T2-weighted sagittal MRI images, inflamma-
tory lesions extending into the brainstem were more fre-
quent in seropositive patients. This finding can be
explained by the preferential involvement of the area
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was observed between AQP4-IgG— patients with and without
hypointense lesions on T1-weighted MRI images (C). A significant
correlation between the presence of T1-hypointense lesions and EDSS
was observed in all LETM (D) and in AQP4-IgG+ patients (E), but
not in AQP4-IgG— patients (F)

postrema in NMOSD, as demonstrated by pathological and
clinical studies [14, 15, 17]. AQP4 is densely expressed on
astrocytes endfeet at interfaces between CNS parenchyma
and fluid compartments, both CSF and blood [2], and in
circumventricular organs (e.g. area postrema), regions of
the CNS where the blood-brain barrier is lacking. The
absence of an intact blood—brain barrier may facilitate the
access of circulating IgG and cytokines to these areas [18].
Interestingly, 90 % of the AQP4-IgG+ patients with
inflammatory lesions of the area postrema included in the
study experienced intractable nausea and vomiting. Our
findings are consistent with the area postrema playing a key
role in the pathophysiology of NMOSD.

In axial T2-weighted MRI images of the spinal cord,
central grey matter-predominant involvement was observed
more frequently in AQP4-IgG+ patients as previously
reported [19].

Moreover, AQP4-IgG seropositivity was associated with
spinal cord lesion T1 hypointensity. This finding is con-
sistent with previous studies describing a higher frequency
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of T1 hypointensity in NMO spinal cord lesions [20, 21].
Correlative MRI histopathology studies, conducted on MS
patients, demonstrated that chronic T1-hypointense lesions
represent areas of intrinsic tissue injury, profound axonal
loss and matrix disruption, while in acute lesions, T1 hy-
pointensity is thought to reflect the entity of oedema and
demyelination [22, 23]. Furthermore, it has been shown
that in MS patients, lesion hypointensity on T1-weighted
spinal cord MRI images is associated with disability and
atrophy [24].

In this study, we found a correlation between T1 hy-
pointensity of the spinal cord lesions and attack severity.
Further studies are needed in order to ascertain the corre-
lation of chronic T1 hypointensity and long-term disability
and spinal cord atrophy in LETM patients.

In conclusion, this study provides clinical and spinal
cord neuroimaging clues that can help distinguishing
AQP4-IgG+ LETM patients in the clinical setting. The
detection of AQP4 autoantibodies predicts the occurrence
of optic neuritis or the recurrence of LETM [6-8]. Hitherto,
the early recognition of NMOSDs is important, because it
offers the unique opportunity to modify, with the appro-
priate immunotherapy, the course of a severe disease,
preventing the accumulation of disability.
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