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Introduction

Longitudinally extensive spinal cord lesions on mag-
netic resonance imaging (MRI) are observed in a variety 
of diseases affecting the spinal cord, such as spinal cord 
tumors, inflammation, compressive myelopathy, infec-
tions, arteriovenous malformations and ischemia.1 In 
some cases, the diagnosis can be made only by patho-
logical analysis, despite the risks of surgical complica-
tions and sequelae.

Longitudinally extensive transverse myelitis (LETM) 
stretching over three or more vertebral segments on MRI is 
commonly seen in neuromyelitis optica spectrum disorders 
(NMOSD).2 The presence of antibodies against aqua-
porin-4 (AQP4) is an important diagnostic biomarker of 
NMOSD, but no assay is 100% sensitive, and the test is 
unavailable in some regions.3 AQP4 antibody positivity is 
crucial because immunosuppressive therapy is effective in 
reducing further attacks in NMOSD.4

Here, we report the clinical, imaging and pathological 
features of two patients with LETM (without optic neuritis 
attacks) and AQP4 antibodies by tissue-based indirect 
immunofluorescence5 who initially underwent spinal cord 
biopsies for suspected tumors.

Case reports

Case 1

A 14-year-old girl presented with bilateral lower limb 
paresthesia and weakness that progressed over a few 
days. Nine months later, she developed upper extremity 
weakness with sensory dysfunction at the level of C7 
that worsened in a step-wise manner over a period of 3 
months to paraplegia, sensory loss and sphincter dys-
function. Spinal MRI (Figure 1) showed tumefactive, T2 
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high-intensity lesions from C3 to T4 (with contrast 
enhancement) and T9 to T12 (without contrast enhance-
ment). Brain MRI revealed only a few nonspecific cere-
bral white matter lesions. She then underwent thoracic 
spinal cord biopsy for suspicion for a spinal astrocy-
toma. However, the initial pathological analysis excluded 
tumor, and no definite diagnosis was made. Later, her 
serum AQP4 antibody returned as positive, and she was 
diagnosed with NMOSD. Cerebrospinal fluid (CSF) 
analysis revealed mild pleocytosis with 17 cells/mm3 
(12% neutrophils), and an increased protein level of 81.4 
mg/dl. No clinical response was observed with high-
dose methylprednisolone.

Re-assessment of the biopsied spinal cord specimen 
(Figure 2) revealed massive necrotic areas with prominent 
cellular infiltration, cystic inflammatory lesions with 
hyalinized or thickened vessel walls and astrocyte rare-
faction. In perivascular areas, we observed inflammatory 
cells including eosinophils, neutrophils and lymphocytes. 
Immunohistochemistry revealed the AQP4 immunoreactivity 

loss to be more extensive than that of glial fibrillary acidic 
protein (GFAP), whereas myelin basic protein (MBP)-
stained myelinated fibers were relatively preserved. The 
cellular infiltrates in the severely affected area included 
CD68-positive macrophages. The deposition of immuno-
globulin G (IgG) and C9neo complement was present at the 
astrocytic foot processes and microvenules, but there was 
no typical rosette-pattern of C9neo deposition. Moreover, 
neurofilament-positive axons were relatively spared even 
in lesions demonstrating a complete loss of AQP4 and 
GFAP.

Case 2

A 47-year-old woman presented with left shoulder pain, 
motor weakness and paroxysmal spasms in her left upper 
extremity over a month period. Spinal cord MRI demon-
strated an edematous T2 hyper-intense lesion extending 
from the medulla to C7 with central contrast enhancement. 
Brain MRI was normal. She was treated with high-dose 
methylprednisolone for five days with a partial recovery. 
Four months later, acute transverse myelopathy developed 
over a few days with paraparesis, loss of sensation in both 
legs and sphincter dysfunction. A second spinal MRI 
revealed a caudal extension of the lesion to the T2 level 
with marked swelling and gadolinium enhancement 
(Figure 3). The patient underwent a cervical cord biopsy 
based on a presumptive diagnosis of spinal astrocytoma, 
but the initial pathology showed no evidence of tumor. 
Further investigation revealed that her serum AQP4 anti-
body was positive.

Re-assessment of the spinal cord specimen (Figure 4) 
revealed some cystic changes in the tissues, vascular wall 
thickening and hyalinization, but no inflammatory cell 
infiltration. Immunohistochemistry demonstrated the 
demyelinated lesions to be mostly covered by fibrous astro-
gliosis that stained strongly for AQP4. MBP-positive mye-
linated fibers were partially observed. The lesion also 
contained some cystic necrotic spots with losses of AQP4 
immunoreactivity.

Discussion

These two case reports highlight the importance of a proper 
diagnostic work-up in patients with acute LETM to differ-
entiate inflammatory myelitis from spinal tumors. Serum 
testing for AQP4 antibodies should be considered before 
invasive procedures.

Most of our understanding of NMOSD pathology 
derives from post-mortem studies.6,7 Spinal cord-biopsied 
lesions in patients with NMOSD are uncommon for obvi-
ous reasons, and the opportunity to evaluate NMOSD 
pathology features in vivo is rare. We identified only one 
prior case report of a biopsied patient with LETM and 
AQP4 antibodies, and these authors did not perform a 

Figure 1. Sagittal T2- (left) and T1-weighted (right) magnetic 
resonance imaging (MRI) of the cervical spinal cord from case 
1 shows a longitudinally extensive, centrally located cord lesion 
extending from the cervical (C3) to the thoracic cord (T4) with 
gadolinium contrast enhancement during the second attack. 
The patient also had a second nonenhancing lesion in the lower 
thoracic cord (T9–T12; not shown).
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Figure 2. Pathological findings compatible with acute neuromyelitis optica spectrum disorders (NMOSD) in serial sections from case 1. 
(a) Acute inflammatory cystic lesions with hyalinized or thickened vessel walls (predominantly in the upper two-thirds of the specimen). 
Perivascular infiltration with mononuclear and polymorphonuclear cells, including eosinophils (detail in mag 200×). Loss of staining for (b) 
myelin basic protein (MBP), (c) aquaporin-4 (AQP4) and (d) glial fibrillary acidic protein (GFAP). AQP4 loss is more extensive than GFAP 
loss, and MBP is relatively preserved compared to GFAP and AQP4 (lower third of the specimen). (e) Neurofilament staining is relatively 
preserved even in areas with active inflammation ((a)–(e), mag 40×). The lesions (f) exhibit remarkable CD68-positive macrophage 
infiltration with (g) star-shaped or microvenule staining pattern of immunoglobulin G (IgG) and (h) activated complement deposition 
(C9neo). The images (g) and (h) show higher magnifications (100×) of the area shown in (a). Bar scale: 100 µm.
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detailed pathological study to analyze features of 
NMOSD.8

Acute NMOSD lesions are characterized by an exten-
sive loss of AQP4 and GFAP staining with activated com-
plement and IgG deposition in perivascular regions, in 
addition to relatively preserved myelinated fibers. In 
regions with severe inflammation, necrotic changes and 
perivascular cuffing are observed, predominantly includ-
ing neutrophils, eosinophils, lymphocytes and mac-
rophages.6,7 NMOSD findings are quite distinct from 
multiple sclerosis (MS) lesions and clearly indicate 
immune-mediated astrocytopathy.6,9 The pathological 
findings in the first case are good examples of the active 
NMO lesions associated with complement activation and 
granulocyte infiltration described in a recently published 
study identifying six lesion types.10 In contrast, the sec-
ond case only demonstrated pathological findings com-
patible with the chronic NMOSD lesions in post-mortem 
cases, and the differential diagnosis of NMOSD based 
solely on the pathological findings is challenging because 
of the similarity of chronic NMO lesions to another demy-
elinating diseases such as MS. The elevated expression of 

AQP4 in the demyelinated lesions is indicative of reac-
tive fibrous astrogliosis that can also be observed in MS, 
whereas speckled necrotic spots with decreased AQP4 
staining and vascular hyalinization are consistent with 
astrocyte dystrophy found in NMO. This sample may 
have been taken from the periphery of the active lesion, 
or the biopsied area may have been affected by a previous 
attack.

Although we do not under any circumstances recom-
mend using spinal cord biopsy as a substitute for AQP4-
antibody testing to diagnose NMOSD, the AQP4-antibody 
result may be false negative with some assays and the 
diagnosis may be arrived at incidentally during the 
work-up of spinal tumors. NMOSD should be suspected 
in biopsies with features such as cystic changes with 
vascular wall thickening and astrocyte rarefaction. The 
findings can range from the very acute to chronic inac-
tive lesions depending on the evolutionary stage of the 
biopsied area. Nevertheless, additional immunohisto-
chemistry staining is required to identify other features 
compatible with the typical pathological findings 
described in NMOSD.

Figure 3. Sagittal T2- (left) and T1-weighted (right) magnetic resonance imaging (MRI) of the cervical spinal cord from case 2 shows 
a longitudinally extensive, edematous, enhancing, centrally located cervicothoracic cord lesion extending into the medullary region, 
during the second myelitis attack.
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Figure 4. Pathological findings in serial sections from case 2 compatible with chronic neuromyelitis optica spectrum disorders 
(NMOSD) lesions. (a) Lesion in the chronic stage demonstrating cystic changes and vascular hyalinization without any inflammatory 
cell infiltration. (b) MBP-stained myelin fibers or axons were observed with thinly re-myelinated fibers but (c) without actively 
myelin-laden CD68+ macrophages. (d) Demyelinated lesions had high levels of aquaporin-4 (AQP4) expression suggestive of reactive 
fibrous astrogliosis, in addition to speckled necrotic spots with decreased AQP4 staining (arrows). (e) Glial fibrillary acidic protein 
(GFAP) staining is diffusely increased suggesting reactive astrogliosis. (f) Neurofilament staining shows some areas with rarefaction 
suggesting previous tissue injury. Bar scale: 100 µm.
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