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【 CASE REPORT 】

An Autopsy Confirmed Neuromyelitis Optica Spectrum
Disorder with Extensive Brain White Matter Lesion and

Optic Neuritis but Intact Spinal Cord, Clinically Mimicking
a Secondary Progressive Multiple Sclerosis-like Course
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Abstract:
A 57-year-old woman presented with optic neuritis with repeated clinical symptoms of focal demyelination

of the cerebral white matter and brain stem for 14 years. At the end of the patient’s course, the clinical signs

mimicked secondary progressive multiple sclerosis, but whether it was caused by interferon administration or

neuromyelitis optica spectrum disorders (NMOSD) - or a combination of both or others - was unclear. Histo-

pathological findings indicated the etiology to be NMOSD, with no apparent plaque in spinal cord speci-

mens. This case suggests that an accurate clinical diagnosis requires serum anti-aquaporin 4 antibody meas-

urements as well as an autopsy examination.
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Introduction

Neuromyelitis optica (NMO), also known as Devic’s dis-

ease, is an inflammatory disease of the central nervous sys-

tem characterized by severe optic neuritis and transverse

myelitis (1, 2). NMO and optic-spinal multiple sclerosis are

NMO spectrum disorders (NMOSD) and can be distin-

guished from multiple sclerosis (MS) by the serum autoanti-

body marker NMO-IgG/anti-aquaporin 4 antibody (AQP4-

IgG) (3). The recognition of variable distributions of NMO

lesions outside the spinal cord and optic nerves has pro-

moted the concept of NMOSD (4, 5). Recently, the specific-

ity of AQP4-IgG for making an NMO diagnosis has facili-

tated observations that further broadened the clinical and

neuroimaging spectrum of NMO. The International Panel for

NMO Diagnosis released an updated set of guidelines for

diagnosing NMO and NMOSD in 2015. These disorders are

now known as NMOSD (6).

Initially, NMOSD had been considered mild or with low

numbers of cerebral lesions. NMOSD is relatively frequent

in Asia (7, 8). Characteristic images are described regularly,

but progressive and extensive lesions of the brain are not

well described in NMOSD. However, there have been some

recent reports of progressive white-matter lesions in

NMOSD (9-11).

The present patient showed optic neuritis as the initial

symptom after 50 years old. Nine years after the initial

symptom, the patient showed exacerbation of clinical symp-

toms without remission, with lesions mainly in the cerebral

white matter and brain stem during the total course of 14

years. There was no evidence of spinal cord symptoms.

Thus, we suspected that the patient had secondary progres-

sive MS and did not measure AQP4-IgG. Nevertheless, this

case was pathologically diagnosed as NMOSD after an

autopsy. In NMOSD, the secondary progressive type is

thought to be extremely rare. Therefore, this case is an ex-

tremely valuable case diagnosed as NMOSD by a histopa-

thological examination, although this diagnosis was unable

to be deduced from the clinical course.
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Case Report

A 57-year-old woman with no specific medical history or

a family history of neurological illness visited the Depart-

ment of Ophthalmology because of decreased visual acuity

in her left eye. An ophthalmologist diagnosed her with optic

neuritis. She received intravenous methylprednisolone (1,000

mg/day for 2 days) and a retrobulbar injection of dex-

amethasone (80 mg/day for 5 days). A month after starting

the treatment, her symptoms subsided.

At 60 years of age (X+3 years), she presented with symp-

toms of left hemiparesis, including the face, when she vis-

ited the Department of Neurology. Computed tomography of

the head showed a low-density area at the right internal cap-

sule. She was treated as a patient with ischemic stroke. After

this episode, the patient again experienced visual deteriora-

tion in her left eye, and she was hospitalized in the ophthal-

mology department. She was prescribed oral steroids for two

months and completely recovered.

At 63 years old (X+6 years), she presented with hemipar-

alysis on the right side and facial paralysis on the left side.

Magnetic resonance imaging (MRI) of the head revealed

multiple lesions in her right superior cerebellar peduncle and

middle cerebellar peduncle. A diagnosis of MS was made,

and we administered steroid pulse therapy, upon which she

almost completely recovered. Data on oligoclonal bands and

myelin basic protein in the cerebrospinal fluid were not

available, but her serum was positive for both anti-SS-A an-

tibody 70.4 (<20) and anti-SS-B antibody 26.8 (<20) with-

out sicca syndrome. Mizoribine was administered for 6

months. However, she had to discontinue treatment due to

hepatic dysfunction.

At 67 years of age (X+10 years), she presented with gait

disturbance, nystagmus, and left-sided ataxia. At this time,

we found a lesion in the cerebellar peduncle. After steroid

pulse therapy, β-interferon therapy was initiated. However,

even after starting the treatment, her symptoms remained,

and she showed gradual deterioration in her activities of

daily living (ADL).

At 68 years old (X+11 years), she became susceptible to

falling and presented with symptoms of incontinence and

cognitive impairment. MRI of the head showed new lesions,

including in the right parietal subcortical region and lateral

geniculate body. Although steroid pulse therapy was per-

formed, walking difficulties remained, and cognitive impair-

ment progressed.

At 69 years old (X+12 years), she again showed signs of

decreasing left visual acuity and received steroid pulse ther-

apy. However, she failed to regain visual acuity and was de-

clared completely blind. During that time, she had another

fall and suffered a right femoral and thoracolumbar vertebral

fracture. During the course, she had been administered an

average steroid dose of 2.5-20 mg/day, but her osteoporosis

required reducing these doses. We started to administer

tacrolimus hydrate 3 mg/day, to no effect.

At this time, head magnetic resonance T2-weighted and

fluid-attenuated inversion recovery (FLAIR) imaging re-

vealed small multiple irregular plaques in her pons and

periventricular white matter in which plaques tended to fuse.

The new lesion found in the diffusion-weighted image pre-

sented with a vague high intensity with an irregular margin

(Fig. 1a). The lesions were not enhanced with gadolinium.

At 70 years old (X+13 years), the patient became bedrid-

den and underwent endoscopic gastrostomy because of

dysphagia. While β-interferon was considered ineffective, in-

stead exacerbating the symptoms, it had been continued for

over three years. MRI of the head showed progression of

cerebral atrophy and ventricular dilatation (Fig. 1b). The

corpus callosum showed a high intensity and thinning.

At 71 years old (X+14 years), a chest roentgenogram re-

vealed right pleural effusion. A cytological test revealed ade-

nocarcinoma from the effusion. After one month, she died at

71 years old, 14 years after the onset of the disease.

She had experienced no episodes of spinal cord symptoms

for 14 years. MRI of the whole spinal cord revealed no ab-

normal findings at 69 years old. She also did not have

Sjögren’s syndrome (SjS). Unfortunately, AQP4-IgG had not

been measured. The clinical course is shown in Fig. 2. After

X+9 years, there was no remission period, and she showed a

gradual decline in her ADL and spontaneity, progressive

cognitive symptoms, and dysphagia.

An autopsy was performed three hours after the patient’s

death with the family’s informed consent. General pathology

revealed pancreatic adenocarcinoma and its metastasis to the

thorax.

The central nervous system obtained at the autopsy was

fixed with 10% formalin, embedded in paraffin blocks, and

sectioned at a thickness of 4-6 μm. Spinal cord specimens

were cut in every spinal cord segment. The specimens were

stained using hematoxylin and eosin (HE), Klüver-Barrera

(KB), and Bodian methods. Immunohistochemical staining

was performed on formalin-fixed and paraffin-embedded

sections. The primary antibodies used in this study are listed

in Table.

After formalin fixation, the brain weighed 1,020 g. Mac-

roscopically, the corpus callosum was atrophied, and diffuse

white-matter lesions were present around the lateral ventricle

(Fig. 3a, b). No lesions were found in the cerebral cortex.

The optic nerve showed severe atrophy (Fig. 3c), and the

pons showed signs of moderate atrophy. Cavitated lesions

were noted on the cut surface of the pons (Fig. 3d). There

were no lesions in the spinal cord segments (Fig. 3e).

Microscopically, multifocal irregular-shaped lesions were

found in the cerebral white matter, corpus callosum, and

brain stem using KB staining. However, no lesions were

found in the cerebral cortex or surround the third and fourth

ventricles (Fig. 4a-f). KB staining and myelin basic protein

immunostaining labeled the lesions only weakly, but neuro-

filament immunostaining labeled the lesions strongly. No

obvious lesions were observed in any spinal cord section

(Fig. 4g-i). AQP4 immunoreactivity was severely decreased
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Figure　1.　MRI of the head. (a) At 69 years old. Small multiple irregular plaques were found in the 
pons and periventricular area (T2 and DWI) (yellow arrow). A new lesion was also found on DWI 
(red arrow). (b) At 70 years old. Progressed white matter lesions accompanied by cerebral atrophy 
and ventricular dilatation were shown (T2 and FLAIR) (yellow arrow).

in the cystic lesion (Fig. 5). There were severe cystic de-

structive lesions in the optic nerve (Fig. 6). Many of the de-

myelinated lesions were obsolete plaques with necrosis or

porosity. In these lesions, no AQP4 labeling was found in

the perivascular spaces. Multiple irregular cystic plaques in

the corpus callosum and periventricular white matter and ir-

regular demyelinating lesions on the same slice were identi-

fied by myelin staining. Immunohistochemistry studies re-

vealed no AQP4 labeling in the lesion.

Discussion

The main characteristics of this case were as follows:

first, we found extensive white matter lesions and severe op-

tic neuritis but no spinal cord lesion; second, the patient’s

serum was positive for anti-Sjögren’s syndrome antibodies;

third, the use of β-interferon was not effective but instead

harmful; and fourth, clinically, a secondary progressive MS

was diagnosed after X+9 years.

At the initial stage, we diagnosed the patient with relaps-

ing and remitting-type conventional MS (12). However, at

nine years after her initial symptoms manifested, there had

been no remission period, and the gradual decline in her

ADL and spontaneity, progressive cognitive symptoms, and

dysphagia due to pseudobulbar palsy seemed to instead

mimic secondary progressive MS (13, 14). This was mainly
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Figure　2.　Clinical course.

Table.　List of the Antibodies Used for Immunohistochemistry.

Antibody Source Category Dilution

GFAP (glial fibrillary acidic protein) Dako Mouse monoclonal 400

MBP (myelin basic protein) Dako Rabbit polyclonal 1,000

AQP (aquaporin) Sigma Aldrich Mouse monoclona 800

because she had repeated optic neuritis and clinical symp-

toms of demyelination of the cerebral white matter and had

never presented with spinal cord symptoms. The red flags

for MS (15) applicable in this case included “no spinal cord

lesions” and “onset of the disease after 50 years old”. The

patient’s serum was positive for anti-SS-A/B, but she did not

have sicca syndrome. The MRI findings indicated indistinct

lesion margins, which was also a red flag for MS (16).

Recently, AQP4-IgG positive cases without optic nerve le-

sions or distinctive spinal cord lesions have been reported.

Tanaka et al. reported that about 10% of patients with

NMOSD initially developed a cerebral or brain stem le-

sion (17). Another study on 106 NMO-IgG-positive cases in

England and Japan reported that after phenotype analyses,

the brain and optic neuritis type accounted for 8% in Eng-

land and 13% in Japan (18). Of 14 consecutive autopsy

cases diagnosed with NMOSD at Aichi Medical University

from 1980 to 2013, there was only 1 case (the present case)

without lesions in the spinal cord. Similarly, among the nine

patients diagnosed with MS, there was one case where there

was no spinal cord lesion (19). Therefore, the presentation

in our case is thought to be part of a range of NMOSD

presentations.

On analyzing the MRI scans of 60 patients with NMO,

36 (60%) showed evidence of brain abnormalities. Six of

these patients had MS-like lesions. Diencephalic, brain stem,

or cerebral hemispheric lesions were observed in 5 of these

patients (8%), mostly in children, which is distinctly atypi-

cal for MS (20). Another study suggested that 8 out of 120

patients had recurring and distinctive MRI abnormalities in

the hypothalamic and periventricular areas (21). Li et al. re-

ported that, in an MRI analysis of Chinese patients with

NMO, 66.7% presented with well-defined brain parenchy-

mal lesions, 18.2% with macroscopic symmetrical diffuse

hyperintensities in deep white matter, and 15.1% with no

brain lesion at all (7). These lesions, apparent on MRI, pre-

dominantly involve the hypothalamus and occasionally ex-

tend to the brain stem areas that surround the third and

fourth ventricles. The corpus callosum is also sometimes af-

fected. The distribution of the characteristics of NMO brain

lesions mirrors the periventricular and hypothalamic local-

ization of AQP4 (22). Therefore, it might be helpful to dif-

ferentiate the diagnosis from MS based on the imaging find-

ings of the brain using MRI. Interestingly, the case reported

here did not show the typical distribution of NMOSD le-

sions, such as in the hypothalamus or tegmentum of the

brain stem.

There is a case report of SjS showing only brain lesions

without optic neuritis or myelitis with positive NMO-IgG

findings (23). In addition, there is a report of 49 patients

with coexisting SjS and NMOSD. Thirty-two out of 37 pa-

tients in whom NMO-IgG was measured were positive, 4

were negative, and 1 patient was borderline (24). In another

report in China, serum AQP4-antibodies were detected in
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Figure　3.　Macroscopic findings. (a, b) The corpus callosum was atrophied, and diffuse white matter 
lesions were present around the lateral ventricle (arrow). (c) The optic nerve displayed severe atro-
phy. (d) The pons showed moderate atrophy and cavitated lesions. (e) The spinal cord findings were 
unremarkable.

89.3% of patients who were diagnosed with primary SjS

with NMOSD (25). The reason for the high positive rate of

antibody against SjS in NMOSD patients should be eluci-

dated in future studies. Nevertheless, the presence of anti-

SjS antibodies might help diagnose NMOSD. NMOSD

should be considered in the early stage of the disease, when

anti-SjS antibodies are detected.

IFN-β treatment may not be effective in NMO. Previous

studies reported that both patients with NMO and MS with

long spinal cord lesion (LSCL) had a poor response to IFN-

β treatment. Furthermore, patients with NMO had a worse

response to IFN-β treatment than patients with MS with

LSCL (26). The patient described in the present case had no

spinal cord lesion despite having been administered INF-β
for over three years. However, we hypothesize that the cere-

bral lesions were exacerbated by INF-β. Since the admini-

stration of INF-β and progression of the clinical course,

similar to that for secondary progressive type, occurred at

the same time, whether or not INF-β actually affected the

progression of symptoms remains unclear.

Histopathologically, the lesions showed multiple irregu-

larly shaped areas of softening in NMOSD. This is substan-

tially different from the sharp margin associated with MS

plaques. As a pathological characteristic, severe cystic de-

structive lesions are found in NMOSD, but MS lesions tend

to be milder and fewer in number (19). The AQP4 and glial

fibrillary acidic protein (GFAP) expression is decreased in

NMOSD lesions. The characteristic pathological change in

our case was that the lesions had an irregular margin,

showed strong necrosis and softening, occurred along the

blood vessel with hyaline degeneration of the vessels, and

had negative AQP4 immunostaining. These findings are con-

sistent with the histopathological findings of AQP4-positive

NMOSD (27). The plaques were all obsolete lesions, so we

did not further examine the deposition of immunoglobulins

and complements in this case. Thus, a comparative analysis

of the acute pathologic patterns of NMOSD is important.

Our case was compatible with NMOSD pathology, but there

were several unusual aspects. The absence of lesions in the

spinal cord was demonstrated histologically for all spinal

segments. Based on his, our case was considered optic-

brain-brainstem-type NMOSD.

In another report, only 2 (2%) of 96 patients with definite

NMO converted to a secondary progressive course (myelo-

pathy) during a median follow-up of 6.1 years, contrary to

the estimate of 21 converted cases based on MS data (28).

Yanagawa et al. found no secondary progressive type in 17

definite and limited form cases of NMO. In their report,
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Figure　4.　Microscopic findings (KB). Multifocal irregularly shaped lesions were found in the cere-
bral white matter, corpus callosum, and brainstem (arrow). (a, b) Corpus callosum and the area 
around the lateral ventricle. (c) Splenium of the corpus callosum. (d-f) Irregular cystic destructive 
lesions in the brainstem. (g-i) No obvious lesions were observed in any spinal cord specimens.

they concluded that NMO displays homogeneous pathogenic

effector immune mechanisms through terminal stages,

whereas MS should be recognized as a heterogeneous two-

stage disease that can switch from an inflammatory to a de-

generative phase (29). In fact, progressive neurologic dete-

rioration (over months to years) unrelated to attacks is a

clinical “red flag” in the newly proposed diagnostic criteria

for NMOSD. In general, elderly patients with progressive

MS have a very low probability of relapse (30, 31); how-

ever, the patient in this case, over 60 years old, had several

incidents of relapse. MS plaques commonly have distinct

margins (16), and relapse is usually rare in elderly patients

with progressive MS. Hence, the incidents of relapses in the

present case implied a greater possibility of NMOSD rather

than MS.

NMOSD patients show progression exclusively at the

time of each clinical attack and do not deteriorate without

attacks. In contrast, MS patients show spontaneous improve-

ment or deterioration, independent of relapses. The progres-

sive patterns of neurological disability in MS and NMOSD

are suggested to differ markedly (11). However, several

studies have reported a progressive course in

NMOSD (9-11). In our case, it was not possible to distin-

guish between the two based on the clinical course. The pa-

tient’s clinical signs mimicked secondary progressive MS,

and it was unclear whether it was caused by IFN administra-

tion or NMOSD itself (or a combination of both or others).

Since this case was observed for a relatively long period

compared to the previous report, it became apparent that the

patient was progressive after nine years, indicating the im-

portance of long-term follow-up studies.

Recently, Gelfand reported a case with NMOSD wherein

an underlying disease process involving the innate immune

system was suspected to have caused massive monocytic in-

filtration and tissue destruction. They proposed that their

case illustrated that progressive worsening of NMO could

occur in the absence of clinical relapses or contrast-

enhanced lesion activity on MRI as a consequence of tissue

injury associated with monocytic infiltration (10). The dis-

ease process described above might have been similar to that

in our own case.

Given the abovementioned findings, it is difficult to dis-

tinguish between MS and NMOSD. Even in cases without

spinal cord lesions, NMO-IgG should be measured, regard-

less of whether or not the patients exhibit a typical clinical

course or MRI findings.

Our case is extremely rare for secondary progressive-type

NMOSD with an optico-brain-brainstem distribution of le-

sions, and further studies are necessary to elucidate the

pathophysiology of NMOSD.
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Figure　5.　Immunohistochemistry using anti-AQP4, anti-MBP, and anti-NF antibodies in plaques at 
occipital white matter lesions. Staining for AQP4 was negative in the lesions.

Figure　6.　Optic nerve (HE, KB, NF). Lesions along the blood vessel with hyaline degeneration (ar-
row).
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