Table 1 Neurological and MRI findings in 12 adult-onset Alexander disease

GFAP mutations in Japanese AOAD patients

Case 1 2 3 4 5 6 7 8 9 10 " 12
Age of onset 53 27 - 44 - 24 51 59 64 36 51 18
Age of gene analysis 58 38 32 58 33 30 53 73 67 37 55 24
Sex F F M F M M M F M M M F
Neurological findings
DTR UL/LL 1102 B 7 N IV N W 1172 N 7 B 7 N PO /4 A W N/N VA vl
Muscle weakness ¥ 3 - - - & — - - - s +
Babinski +/+ +/+ +/+ +/+ +/+ +/+ =/= -/= +/+ -/=- +/+ +/+
Sensory disturbance + - - + - + - + + + + -
Dysarthria + + - - - + + - + - - -
Dysphagia - = = + - — + _ " _ _ +
Ataxia + + - - = * = = + + = +
Nystagmus - - - - - + = & = + + =
Palatal myoclonus + + - - - + = - - = = _
Autonomic dysfunction + - - + - + - - + + = -
Dementia - — — - — - - i 4 n _ _
Convulsion - - - = - - _ _ _ _ _
Muscle rigidity nd. nd. n.d n.d n.d nd. nd. + + - nd -
Other symptoms Scoliosis Blindness Strabismus Scoliosis
MRI findings
Atrophy of medulla oblongata + + + + + + + + + + + +
Atrophy of spinal cord + + + + + + + + + + + ¥
Atrophy of cerebellum - - — - - - - - - § EY +
White matter lesion + - + + + + - + # n — _
Periventricular rim i - + + + - - - + - = =
Abnormalities of thalamus or basal nuclei — — - - - - - - - . + - ¥
Contrast enhancement - - - - - - - ne - - ne =
GFAP mutation V87G  V87G V87G  VB7G V87G  R416W M74T  R258C R70W R79H M74T L357P
References (7) (7) (7)  This study This study  (8) (9)  This study This study This study This study This study

T, increased; |, decreased: n.d., not described; n.e., not examined.

of which is 30 points and < 20 points is considered
consistent with dementia, was 13 points. MRI
showed atrophy of the medulla oblongata, spinal
cord and cerebellum and showed hyperintensities
and atrophy of cerebral white matter with frontal
predominance. Single photon emission computed
tomography (SPECT) showed a marked decrease
in cerebral blood flow in the frontal and temporal
lobes. She passed away at the age of 74, and
autopsy findings showed numerous Rosenthal
fibres, a hallmark of Alexander disease, in the
subpial region, frontal white matter, substantia
nigra, the dentate nucleus, etc. Therefore, the
pathological findings were a clue to GFAP ana-
lysis. GFAP mutations, seen in patient 9, 10 and
12, were already known to exist in Alexander
disease [(p.R70W (10, 11), p.R79H (2, 12-15),
L357P (16)]. Patient 9 with an R70W mutation
showed cognitive disorders like fronto-temporal
dementia and lead-pipe rigidity in the neck
and upper extremities in addition to bulbar and
pyramidal signs. His cognitive dysfunction started
at the age of 64. MRI showed atrophy of medulla
oblongata and spinal cord (Fig. 1). In addition,
small foci of age-related signal changes were
present in the cerebral white matter. Patient 10

Figure 1. Tl-weighted image of patient 9 with R70W mutation
shows marked thinning of the medulla and upper cervical
spinal cord.

showed ataxia, autonomic dysfunction and
dementia without bulbar and pyramidal signs.
Atrophy of the medulla oblongata and spinal cord
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were a clue to perform GFAP analysis. Patient 12
showed bulbar and pyramidal signs as well as
scoliosis with atrophy of the medulla oblongata
and spinal cord on MRIL

Eleven of 12 patients (92%) with heterozygous
missense mutations in GFAP presented with
hyper-teflexia of the lower limbs. Babinski sign
was present in 9 of 12 patients (75%). Muscle
weakness, which is often asymmetric in early
stages, was present in five patients (42%). Dys-
arthria (five patients, 42%), truncal and/or limb
ataxia (six patients, 50%), nystagmus (four
patients, 33%) and autonomic dysfunction, includ-
ing orthostatic hypotension and bladder dysfunc-
tion (five patients, 42%), were all relatively
common. Dysphagia was present in four patients
(33%). Palatal myoclonus was seen in only three
patients (25%). Sensations tended to be impaired
in some patients — six patients had decreased
vibration sense in the lower limbs (50%) and one
patient presented with decreased tactile sensation
in the mandibular nerve area. Parkinsonism,
including lead-pipe rigidity and bradykinesia, was
present in two patients. Two patients had scoliosis.
Patient 8 and 9 showed abnormal behaviour,
cognitive disorder and deterioration of memory.
In both cases, SPECT showed a marked decrease
in cerebral blood flow in the frontal and temporal
lobes. Sleep disorders, including sleep apnoea and
restless legs syndrome, were not observed in any
patients. All patients presented with mild to severe
atrophy of the medulla oblongata and upper
cervical spinal cord on MRI (Fig. 1). Cerebral
white matter abnormalities were observed in eight
patients (67%). However, distribution of these
abnormalities was not frontal dominant but was
diffuse and mild. Contrast enhancement was not
observed in this study. Signal abnormalities of the
basal ganglia and thalami and atrophy or signal
abnormalities of the cerebellum were observed in
three patients and two patients, respectively.

Discussion

Because GFAP mutations were detected as a cause
of Alexander disease, various symptoms have been
reported in AOAD (3-6), such as those mimicking
multiple sclerosis or brain tumour (6).

In the present study, pyramidal signs, including
hyper-reflexia and/or the Babinski sign in the
lower limbs (observed in 92% of the patients),
could be considered characteristic neurological
manifestations. Bulbar signs, including dysarthria
and dysphagia, cerebellar ataxia and nystagmus
were relatively frequent in Japanese patients exam-
ined and could therefore be considered cardinal
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symptoms of AOAD. Palatal myoclonus, which
has been regarded as a frequent symptom of
AOAD (6), was relatively rare in the cases
examined. Symptoms of Parkinsonism, including
lead-pipe rigidity and bradykinesia, were also
relatively rare, but it is an important symptom
in terms of mimicking PSP. Abnormal behaviour
and cognitive dysfunction could be an obstacle to
consideration of Alexander disease. Sleep dis-
orders, including sleep apnoea and restless legs
syndrome, which are often present in non-Japanese
patients (17), were not present in any of the cases
examined. However, this might not indicate that
sleep disorders are a rare symptom in Japan, but
that they have not been fully recognized among
Japanese neurologists. Therefore, it is necessary
for Japanese neurologists to have a better under-
standing of sleep disorders. In the present study,
brainstem lesions, including atrophy of the medulla
oblongata, were present in all patients examined.
Cerebral white matter abnormalities were shown in
8 patients, and periventricular rim had been
present in five patients; however, no case satisfied
the criteria proposed for MRI diagnosis of Alex-
ander disease (18). Farina et al. (19) described that
atrophy and changes in signal intensity in the
medulla oblongata and upper spinal cord are MRI
diagnostic features of AOAD. A characteristic
finding on MRI in our series was mild to severe
atrophy of the medulla oblongata and upper
cervical spinal cord, which supports the observa-
tion that signal abnormalities or atrophy of the
medulla or spinal cord on MRI are a hallmark of
late-onset Alexander disease with GFAP mutation
(4, 19) rather than the MRI criteria proposed in
2001 (18).

Cerebral white matter abnormalities were
observed in two-thirds of the cases examined.
However, these lesions were atypical because they
were symmetrical and mild and did not always
show frontal predominance. These findings also
support the findings of a previous study which
found that cerebral white matter abnormalities
observed on MRI were minimal to moderate in
patients with AOAD (19). Atrophy or signal
abnormalities of the cerebellum were relatively
less common in the cases examined in the present
study, although ataxia was a frequent clinical
Ssymptom.

In this study, three patients who showed typical
symptoms of AOAD, including bulbar signs,
pyramidal signs in the lower limbs and typical
MRI findings indicating atrophy of the medulla
oblongata and upper cervical spinal cord, did not
have GFAP mutations. These patients also did not
have any GFAP polymorphisms. No GFAP muta-



tions were observed in approximately 10% of
patients with Alexander disease, in whom other
genetic or as yet unknown environmental factors
have been hypothesized to influence the phenotype
(3, 6). These cases, therefore, require prudent
diagnosis including brain biopsy.

A limitation of this study is that information
about the clinical manifestations of AOAD in
patients with GFAP mutations was based not on
strict clinical criteria but on reporting by each
neurologist. Sleep disorders, which are often pres-
ent in non-Japanese patients, were not noted or
reported in the cases examined in the present study.
To clarify the clinical features in more detail, a
population-based study with more detailed clinical
criteria including sleep disorders is needed.

Pyramidal signs, including hyper-reflexia, Babin-
ski sign with or without bulbar signs, autonomic
failure or ataxia, could warrant GFAP analysis and
could be useful to diagnose AOAD in Japanese
patients, which has been reported in previous
studies as well (6, 19). Besides, in Japan, it should
be noted that abnormal behaviour and cognitive
disorders including deterioration of memory could
be a conspicuous symptom of ACAD.

Acknowledgements

We thank Dr. Masahito Suehara (Department of Neurology,
National Hospital Organization Okinawa National Hospital)
for his helpful advice. This work was supported by Alexander
disease research grants received from the Intractable Disease
Research Grants, from the Ministry of Health, Labour and
Welfare of the Government of Japan.

References

1. ALexanoer WS. Progressive fibrinoid degeneration of
fibrillary astrocytes associated with mental retardation in a
hydrocephalic infant. Brain 1949;72:373-81.

2. Brenner M, Jonnson AB, BoeserLug-Tancuy O et al.
Mutations in GFAP, encoding glial fibrillary acidic pro-
tein, are associated with Alexander disease. Nat Genet
2001;27:277-86.

3. Li R, Jornson AB, SaLomons G et al. Glial fibrillary acidic
protein mutations in infantile, juvenile, and adult forms of
Alexander disease. Ann Neurol 2005;57:310-26.

10.

11.

12.

16.

17.

18.

. Pareyson D, FanceLLu R, Mariotni C et al.

. Kivosnita T, Imarzumr T, Miura Y et al.

GFAP mutations in Japanese AOAD patients

. Van pEr Knaar MS, RamesH V, ScuirrMann R et al. Alex-

ander disease. Ventricular garlands and abnormalities of
the medulla and spinal cord. Neurology 2006;66:494-8.

. Carou1 F, Biansuer: R, Sert M et al. GFAP mutations and

polymorphisms in 13 unrelated Italian patients affected by
Alexander disease. Clin Genet 2007;72:427-33.
Adult-onset
Alexander disease: a series of eleven unrelated cases with
review of the literature. Brain 2008;131:2321-31.

. Okamoto Y, Mitsuvama H, Jonosono M et al. Autosomal

dominant palatal myoclonus and spinal cord atrophy.
J Neurol Sci 2002:19:71-6.

A case of adult-
onset Alexander disease with Argd4l6Trp human glial
fibrillary acidic protein gene mutation. Neurosci Lett
2003:350:169-72.

. Ounart K, Yamano M, Uozumt T et al. An adult form of

Alexander disease: novel mutation in glial fibrillary acidic
protein. J Neurol 2007;254:1390-4.

Sarvi F, Aokr Y, Nave RD et al. Adult Alexander’s disease
without leukoencephalopathy. Ann Neurol 2005;58:813-4.
SreepHARAN J, Suaw CE, Jarosz J et al. Alexander disease
with hypothermia, microcoria, and psychiatric and endo-
crine disturbances. Neurology 2007;68:1322-3.

Robpricuez D, Gauthier F, Bertint E et al.  Infantile Alex-
ander disease: spectrum of GFAP mutations and genotype-
phenotype correlation. Am J Hum Genet 2001;69:1134-40.

. MEeins M, Brockmann K, Yabav S et al. Infantile Alexander

disease: a GFAP mutation in monozygotic twins and novel
mutations in two other patients. Neuropediatrics
2002;33:194-8.

. Gorosee JR, Namu S, Jonnson AB et al. Molecular findings

in symptomatic and pre-symptomatic Alexander disease
patients. Neurology 2002;58:1494-500.

. Dornt MT, BuccoLiero R, LEE A et al. An infantile case of

Alexander disease unusual for its MRI features and a
GFAP allele carrying both the p.Arg79His mutation and
the p.Glu223GIn coding variant. J Neurol 2009;256:679—
82.

Ninikoski H, Haataia L, Branper A et al. Alexander dis-
ease as a cause of nocturnal vomiting in a 7-year-old girl.
Pediatr Radiol 2009;39:872-5.

Stumpr E, Masson H, Duouette A et al. Adult Alexander
disease with autosomal dominant transmission: a distinct
entity caused by mutation in the glial fibrillary acid protein
gene. Arch Neurol 2003;60:1307-12.

Van pDER Knaar MS, Namu S, Brerrer SN et al. Alexander
disease: diagnosis with MR imaging. Am J Neuroradiol
2001;22:541-52.

. Farma L, Pareyson D, Minamt L et al. Can MR imaging

diagnose adult-onset Alexander disease? Am J Neuroradiol
2008;29:1190-6.



Namekawa et al. BMC Neurology 2010, 10:21

http://www.biomedcentral.com/1471-2377/10/21 BMC

Neurology

CASE REPORT Open Access

Adult-onset Alexander disease with typical
“tadpole” brainstem atrophy and unusual bilateral
basal ganglia involvement: a case report and
review of the literature
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Abstract

Background: Alexander disease (ALX) is a rare neurological disorder characterized by white matter degeneration
and cytoplasmic inclusions in astrocytes called Rosenthal fibers, labeled by antibodies against glial fibrillary acidic
protein (GFAP). Three subtypes are distinguished according to age at onset: infantile (under age 2), juvenile (age
2 to 12) and adult (over age 12). Following the identification of heterozygous mutations in GFAP that cause this
disease, cases of adult-onset ALX have been increasingly reported.

Case Presentation: We present a 60-year-old Japanese man with an unremarkable past and no family history of
ALX. After head trauma in a traffic accident at the age of 46, his character changed, and dementia and dysarthria
developed, but he remained independent. Spastic paresis and dysphagia were observed at age 57 and 59,
respectively, and worsened progressively. Neurological examination at the age of 60 revealed dementia,
pseudobulbar palsy, left-side predominant spastic tetraparesis, axial rigidity, bradykinesia and gaze-evoked
nystagmus. Brain MRI showed tadpole-like atrophy of the brainstem, caused by marked atrophy of the medulla
oblongata, cervical spinal cord and midbrain tegmentum, with an intact pontine base. Analysis of the GFAP gene
revealed a heterozygous missense mutation, c.827G>T, p.R276L, which was already shown to be pathogenic in a
case of pathologically proven hereditary adult-onset ALX.

Conclusion: The typical tadpole-like appearance of the brainstem is strongly suggestive of adult-onset ALX, and
should lead to a genetic investigation of the GFAP gene. The unusual feature of this patient is the symmetrical
involvement of the basal ganglia, which is rarely observed in the adult form of the disease. More patients must be
examined to confirm, clinically and neuroradiologically, extrapyramidal involvement of the basal ganglia in adult-
&onset ALX.

Background

Alexander disease (ALX) (OMIM #203450), originally
described by Alexander in 1949 [1], is a rare and fatal
disease of the central nervous system caused by astro-
cyte dysfunction [2,3]. The pathological hallmark of the
disease is the accumulation of ubiquitinated intracyto-
plasmic inclusions in astrocytes, called Rosenthal fibers,
which are composed of glial fibrillary acidic protein
(GFAP), the main intermediate filament of astrocytes, in

* Correspondence: mnamekaw@jichi.acjp

association with the small heat shock proteins, HSP27
and oB-crystallin [4].

The clinical features of typical infantile-onset ALX,
with onset before the age of two, include megalence-
phaly, seizures, spastic paresis and psychomotor dete-
rioration with leukoencephalopathy characterized by
white matter abnormalities predominating in the frontal
lobes. As cases accumulate, however, atypical patients
have also been described. Adult-onset ALX, with onset
over the age of 12, is characterized by more slowly pro-
gressive bulbar or pseudobulbar palsy, spastic paresis,
ataxia, palatal myoclonus and essentially normal psychic
and intellectual functions. Juvenile-onset ALX, with
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onset between age 2 and 12, bridges the gap between
infantile and adult forms of the disease. However, it is
not yet clear whether these three categories are the
same disease. The clinical presentations are diverse; the
only common feature is the presence of pathologically
proven Rosenthal fibers [5,6].

Owing to the discovery of inclusion bodies indistin-
guishable from Rosenthal fibers in fatal GFAP transgenic
mice overexpressing human GFAP in astrocytes [7],
de novo heterozygous mutations in the gene encoding
GFAP, the main component of Rosenthal fibers, have
been identified in patients with the infantile form of
ALX [8]. GFAP gene mutations have also been identified
in the juvenile [8,9] and adult [10,11] forms. These three
clinically diverse forms are now widely accepted to be
part of the same spectrum [12].

Each subtype has characteristic MRI findings. Cerebral
white matter abnormalities, predominating in the frontal
lobes, are typical of the infantile form of ALX [13],
whereas nodular brainstem lesions and a kind of “garland”
along the ventricular wall are seen, with contrast enhance-
ment, in the juvenile form [14,15]. The adult form has a
unique tadpole-like feature, caused by marked atrophy of
the medulla oblongata and cervical spinal cord with an
intact pontine base [11].

Here we present a case of sporadic adult-onset ALX
with specific MRI findings: a typical tadpole-like brain-
stem, but also symmetric involvement of the basal gang-
lia, which is unusual in the adult form of ALX.

Case Presentation

This Japanese patient, with an unremarkable past and no
family history had been healthy until he was involved in a
traffic accident at the age of 46. He suffered a bilateral
brain contusion in the fronto-orbital areas, predomina-
ting on the left side. He did not lose his consciousness,
but retrograde amnesia was seen. There was no hypoxia.
After this accident, his character changed. He became
querellous, could no longer manage his shop, and soon
retired. He gradually became taciturn and his pronuncia-
tion became unclear, but he remained independent. At
age 57, he began to drag his left foot as he walked, and
this symptom gradually worsened. At the age of 59, pro-
gressive dysphagia appeared. He was referred to our hos-
pital at the age of 60. Neurological examination revealed
pseudobulbar palsy including aphonia, emotional inconti-
nence and dysphagia, left-side predominant tetraparesis.
The tone of the limb muscles was spastic, with bilateral
positive Babinski signs. Axial rigidity, bradykinesia and
retropulsion were observed, but no tremor or palatal
myoclonus. Cerebellar ataxia was ambiguous because of
spastic tetraparesis requiring use of a wheelchair, but
bilateral gaze-evoked nystagmus was seen. He was clearly
demented and angrily refused everything he was asked to
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do by shaking his head instead of speaking because of
aphonia. Further evaluation of his dementia was
impossible.

Laboratory tests, including hematology, routine blood
chemistry, and analyses of urine and cerebrospinal fluid,
were unremarkable. In addition to the bilateral contu-
sion in the fronto-orbital areas, especially on the left
side, brain MRI showed a tadpole-like brainstem, caused
by marked atrophy from the medulla oblongata to the
cervical spinal cord, sparing the pontine base. Marked
atrophy of the midbrain tegmentum, mild cerebellar
atrophy with a little enlargement of the fourth ventricle,
and slight cerebral atrophy were also seen. The typical
periventricular lesions (ventricular garlands [15]) and
leukoencephalopathy were not seen, however, several
lacunae were observed bilaterally in deep white matter.
The posterior part of globus pallidus was involved bilat-
erally, as shown by a signal change without contrast
enhancement (Figure 1).

With informed consent, the GFAP gene was
sequenced, and a heterogeneous missense mutation was
detected in exon 5 (c.827G>T), causing a change of argi-
nine to leucine at amino acid position 276 (p.R276L).
We have already described this mutation in a patient
with pathologically proven hereditary adult-onset ALX
[11]. There was no relationship between the present
patient and the family previously reported [11]. Accord-
ing to an interview, however, both families originated
from the same region of Japan.

Discussion

We have described here a new patient with sporadic
adult-onset ALX, and have identified a heterozygous
missense mutation in the GFAP gene, c.827G>T,
p.R276L, which was already shown to be pathogenic in a
case of pathologically proven hereditary adult-onset
ALX [11]. This mutation has not been seen for the last
7 years. Thus, this report reconfirms the pathogenetic
nature of the mutation and the clinical picture of this
form of the disease. So far, the phenotype associated
with the R276L mutation is adult-onset spastic ataxia
with pseudobulbar symptoms.

Following identification of the GFAP gene as responsible
for ALX [8], the adult form has been increasingly reported
[10,11,15-36]. However, only a few cases have been patho-
logically proven [11,16,17,21,28]; the rest were diagnosed
as having ALX only by molecular testing. Since missense
mutations may only be polymorphisms [37], their patho-
genicity must be accepted with caution. Indeed, the
E223Q mutation, identified in a patient with neurological
deficits and radiological findings atypical for adult-onset
ALX [38], is now classified as a polymorphism [21]. There-
fore, to avoid this kind of confusion, it is worthwhile defin-
ing the typical presentation of adult-onset ALX, including
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Figure 1 Brain MRI of a patient with adult-onset Alexander disease. a-f: T2-weighted axial images showing marked atrophy of the medulla
oblongata (a) with slight cerebellar atrophy (a, b) but little atrophy of the pontine base (b), enlargement of the fourth ventricle (b), atrophy of
the midbrain, especially the dorsal part (c), bilateral changes in the posterior part of globus pallidus (d), bilateral lesions of the fronto-orbital
areas, predominating on the left, caused by brain contusion (d, e, g, h), moderate cortical atrophy with ventricular enlargement (e, f), and
bilateral lacunae in the deep white matter, but no leukoencephalopathy (f). g and k: T1-weighted images of the lesions on axial (g) and sagittal
(k) sections. h, i and j: FLAIR images of the lesions on axial (h, i) and coronal (j) sections. The lesions on coronal () and sagittal (k) sections are
indicated by arrows. Note the absence of ventricular garlands [15]. I: T1-weighted sagittal section showing typical tadpole-like brainstem atrophy,
consisting of marked cervico-medullary atrophy with an intact pontine base; note that atrophy of the midbrain tegmentum also contributes to
the formation of the tadpole.
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age at onset, cardinal clinical symptoms, neuroradiological
findings and clinical course, as described in published
reports [see review article, ref [33]].

To date, at least 24 reports of adult onset ALX,
including over 40 patients, with 22 different missense
mutations in the GFAP gene, have been published
(Table 1) [10,11,15-36]. There are no sex differences,
and half of the cases are familial, consistent with autoso-
mal dominant transmission. The mean age at onset is in
the late thirties, although an asymptomatic carrier over
age 60 has been described [30]. The cardinal triad of the
clinical presentation is pseudobulbar or bulbar palsy,
spastic paresis (usually hemiparesis, not paraparesis, at
onset), and ataxia, each of which is observed in approxi-
mately 70% of patients. Palatal myoclonus is observed in
only one third, although it is specific to ALX, and the
key finding for a diagnosis, especially in hereditary cases
[10]. Mental function is usually preserved, although our
patient was obviously demented. Dementia cannot, how-
ever, be considered a symptom of adult-onset ALX in
this patient, because of his cerebral contusion.

As for the MRI findings [see review article, ref [34]],
most of the cases had medullary abnormalities (either
signal abnormalities or atrophy), and the marked tad-
pole-like atrophy of the medulla oblongata and cervical
spinal cord with an intact pontine base [11]. We would
like to emphasize that not only cervicomedullary atro-
phy with an intact pontine base, but also severe atrophy
of the midbrain tegmentum contributes to the formation
of the tadpole. This unusual atrophy is quite specific to
adult-onset ALX, and 88% of the patients with adult-
onset ALX in the literature showed marked medullary
atrophy (Table 1). Thus, awareness of this MRI pattern
allows effective selection of the patients who need
genetic investigations for mutations in the GFAP gene
[34]. Indeed, we could have diagnosed adult-onset ALX

Table 1 Summary of the clinical features and MRI
features of adult-onset Alexander disease reported in the
literature [10,11,15-36].

Sex Difference M/F = 23/22
Average age at onset 370 £ 179 (n = 36),
Range: 12.5-62

Clinical features

35/45 (78%,

Bulbar symptom (78%)
33/45 (73%)
(71%)
(39%)

Pyramidal tract signs

31/44 (71%;
15/38 (39%,

Ataxia

Palatal myoclonus
MRI findings

37/42 (88%)
21/43 (49%)
16/36 (44%)

Marked medullary atrophy

Deep white matter abnormalities

Brainstem signal change
(including nodular lesions)
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in the present patient on the basis of this form of brain-
stem atrophy.

Approximately half of the patients had deep white
matter lesions or periventricular rims, although not
always with frontal predominance as in infantile-onset
ALX; the absence of these abnormalities is significantly
associated with older age at onset (average age at onset;
negative 43.7 + 14.1 (n = 18) vs. positive 30.9 + 12.8
(n = 18), p = 0.008), consistent with previous study [34].
Similarly, nodular lesions in the brainstem are observed
in about half of the patients, and are significantly asso-
ciated with a younger age at onset (average age at onset;
positive 28.2 + 11.8 (n = 13) vs. negative 43.6 + 13.9
(n = 18), p = 0.003).

Besides the typical clinical and neuroradiological fea-
tures, this case of adult-onset ALX is instructive because
of the bilateral involvement of the basal ganglia. This is
not uncommon in infantile or juvenile-onset ALX, and is
one of the radiological criteria for the diagnosis [13], but
has rarely been observed in the adult form of the disease.
Symmetrical striatal lesions were observed in one patient,
however, with hypointensity on T2-weighted MRI [22].
Basal ganglia lesions with hyperintensity on T2-weighted
MRI, such as spotty lesions [19] and bilateral lesions in
the lateral putamen [30], have occasionally been reported;
both of these signs are ambiguous, however, and do not
resemble those of our patient. Thus, the symmetrical
lesions in our patient are interesting findings in adult-
onset ALX, and might be related to a rigid-bradykinesia
type parkinsonism, although this is uncertain because
spastic paresis masks the parkinsonism. The clinical signs
and symptoms of basal ganglia involvement, such as par-
kinsonism [patient 1 of ref [21]], diffuse bradykinesia
[22], and rigidity of the arms [29] are rarely reported.
The obvious parkinsonism reported in one patient was
induced by valproate [32].

Conclusion

We described here a new sporadic case of genetically
confirmed adult-onset ALX. The tadpole-like brainstem
atrophy is quite specific for adult-onset ALX. Thus,
faced with a patient with progressive spastic ataxia, bul-
bar or pseudobulbar signs, and the typical tadpole on
MRI, a genetic investigation of the GFAP gene is
strongly recommended. The unusual feature of our
patient is the obvious symmetrical involvement of the
basal ganglia, which presumably caused a rigid-brady-
kinesia type parkinsonism. More cases must be studied
to completely elucidate the characteristics of adult-onset
ALX.

Consent
Written informed consent was obtained from the patient
and his wife for publication of this case report and
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accompanying images. A copy of the written consent
is available for review by the Editor-in-Chief of this
journal.
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LETTER

A case of sporadic adult
Alexander disease presenting
with acute onset, remission and
relapse

INTRODUCTION

Adult Alexander disease is a rare leucodys-
trophy with severe atrophy of the lower
brainstem and upper cervical cord.! The
pathological character is the presence of
Rosenthal fibres that contain aggregates of
intermediate protein, GFAF, associated with
mutations in GFAP gene.? Because patho-
genesis is degenerative, the most typical
clinical course is slowly progressive; the
intermittent course has not been sufficiently
described so far? We show a case of geneti-
cally confirmed adult Alexander’s disease

A
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with acute exaggeration and remission, and
relapse.

CASE REPORT

A 33-year-old woman had been well until
she suddenly fell down and lost conscious-
ness in 2002. She had left-sided paresis and
dysarthria, and was admitted to a hospital.
Her medical history was unremarkable
except for mild diabetes mellitus. There was
no family history of neurological diseases or
consanguineous marriage. Her father died of
heart disease (in his 40s), her mother died of
diabetes mellitus and angina pectoris (in her
50s), and her two daughters were healthy.
Brain MRI showed atrophy of the upper
cervical cord and T2-hyperintensity in the
bilateral periventricular areas and the
medulla. The patient was treated for acute
ischaemic stroke with medical therapy and
rehabilitation  (figurelA). She gradually

improved, with the ability to walk with an

PostScript

aid 6months after the onset and was
discharged home 1 year after the onset with
left-sided weakness and slight dysarthria.
There was no exacerbation or improvement
of weakness and dysarthria after this episode
until the age of 39, when she developed
high-grade fever and respiratory failure followed
by limb weakness. These symptoms wors-
ened over 1 week, and she was admitted to
another hospital and treated for pneumonia,
which required mechanical ventilation,
tracheostomy and percutaneous endoscopic
gastrostomy (PEG). Although pneumonia
improved and she was weaned from
mechanical ventilation, the patient was still
bed-ridden with tetraparesis, severe dysar-
thria and dysphagia. She was referred to our
hospital 5 months later for further neuro-
logical evaluation.

The patient was normotensive, alert and
well oriented, which was evident by her
response with preserved facial expressions.
Optic fundi and nerves were normal. Her

fever
B hospital at home C hospital
A
Tracheostomy
PEG
l | [ // | |
| 1 | /! | |
2002/8 2003/2 2003/8 2008/1 2008/6
39 y.0.

Figure 1
MRI of brain. Severe atrophy extends from the medulla to the upper cervical cord (B). There is hyperintensity in the medulla (C arrowhead) and the
periventricular area (D).

(A) Clinical course. mRS, modified Rankin Scale; PEG, percutaneous endoscopic gastrostomy. (B) Sagittal and (C), (D) axial T2 weighted
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following eye movement was saccadic but
full. Movements of the soft palate were
reduced. She had palatal tremor at 3 Hz,
being synchronised with neck and vocal cord
tremor. Her tongue movements appeared
normal without atrophy or fasciculation.
The left upper limb was plegic, and
other limbs showed moderate weakness. A
nose—finger—nose test showed right upper-
limb ataxia. Tendon reflexes and muscle tone
were normal, while the Tromner reflex and
Babinski signs were positive bilaterally.
There was no apparent sensory deficit or
extrapyramidal signs. A urinary catheter had
been inserted because of retention.

The following examinations were normal,
negative or unremarkable: complete blood cell
count, routine chemistry test, serum lactate
acid, pyruvate acid, ACE, vitamin B;, vitamin
B1», folic acid, thyroid functions, autoimmune
antibodies, infection (hepatitis virus anti-
bodies, Treponema serology, HIV antibodies,
human T cell lymphotropic virus type-I anti-
bodies), clotting studies, cerebrospinal fluid
analysis, electrocardiography and transthoracic
echocardiography. Urinalysis showed evidence
of urinary-tract infection. Tumour markers
were normal apart from elevated levels of
CA19-9 (126 U/ml, normal range <37 U/ml).
Enhanced body CT scan did not show any
evidence of malignant tumour. A nerve-
conduction study was unremarkable. Electro-
encephalography showed 10—12 Hz steady
o waves and decreased amplitude on the left-
hemispheric leads. A brain MRI revealed severe
atrophy extending from the medulla to the
upper cervical cord. There was T2 hyper
intensity in the periventricular areas and
medulla (figure 1B—D). Gadolinium enhance-
ment was not detected. Magnetic resonance
angiography was normal. Brain SPECT showed
a slightly decreased perfusion of the right pari-
etal lobe. After informed consent was obtained
from the patient and her husband, genomic
DNA was isolated from peripheral leucocytes.
We identified novel heterozygous mutations in
nucleotides 791 and 792 (791 792TG>CT),
which were not found in 88 normal controls
subjects. This change produced a proline for
leucine in amino acid 264.

A month later, the patient was transferred to
another hospital for further rehabilitation. She
has not experienced exaggeration or progression
since the last episode and has been stable in
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a general condition, but severe paresis and
dysphagia have persisted without any improve-
ment, at the time of writing 8 months after-
wards.

DISCUSSION

Our patient had acute exacerbations and
remissions without steady progression of the
central nervus system dysfunction. Possible
diagnoses included relapsing and remitting
multiple sclerosis, neuro-Behget disease,
systemic lupus erythematosus and neuro-
sarcoidosis, which were not consistent with
the lack of systemic clinical features and
autoimmune laboratory findings. Mitochon-
drial diseases were also a possible diagnosis,
but normal levels of serum lactate acid and
pyruvate acid did not support the diagnosis.
The presence of atrophy of lower brainstem
and spinal cord and mild deep white-matter
lesion suggested the possibilities of spino-
cerebellar ~ degeneration, leucoencephalop-
athy, leucodystrophy and adult polyglucosan
disease, which usually do not present fluc-
tuating clinical courses. Adult Alexander
disease often shows marked atrophy of the
lower brainstem and spinal cord rather than
the severe white-matter abnormality with
frontal predominance of infantile and juve-
nile Alexander disease." While infantile and
juvenile ~Alexander disease is usually
progressive, adult Alexander disease has been
reported to show various clinical courses.?
They were progressive in many cases, but
some cases showed acute onset” The
symptoms usually persists but may improve,
especially at the early stage of the disease.”
Schwankhaus and colleagues reported an
autopsied case of adult Alexander disease,
presenting with exacerbation and remission
followed by progression, before the era of
genetic comfimation.” This patient awoke
with paralysis of his left arm and experi-
enced recovery after 5 days but 5 years after
this episode suffered from progression of
disease and died. This clinical course may be
similar to that of our case, although the
description of this case was not enough to
compare. Although symptom fluctuations
were noted in adult Alexander disease, there
was no report of genetically confirmed adult
Alexander disease with a detailed clinical
course of acute exacerbation and remission,
and relapse, to our best knowledge.

Our case showed a fluctuating clinical
course of adult Alexander disease. In the case of
lower brainstem and spinal cord atrophy with
an intermittent clinical course, a sequence
analysis of GFAP seems warranted.
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and prolonged survival

Takashi Shiihara **, Toru Yoneda®, Ikuko Mizuta®, Tomokatsu Yoshida®,
Masanori Nakagawa “, Nobuzo Shimizu A

* Department of Neurology, Gunma Children’s Medical Center, Gunma, Japan
® Department of Pediatrics, Dokkyo Medical University, Saitama, Japan
¢ Department of Neurology, Graduate School of Medical Science, Kyoto Prefectural University of Medicine, Kyoto, Japan
& Gunma Rehabilitation Centre for the Physically Handicapped Children, Gunma, Japan

Received 11 June 2010; received in revised form 24 September 2010; accepted 6 October 2010

Abstract

Alexander disease is a major entity of leukodystrophy; magnetic resonance imaging (MRI) studies of the brain typically show
extensive changes in the cerebral white matter with frontal predominance. Heterozygous missense mutations of GFAP are thought
to be sufficient for the molecular diagnosis, which has widened the Alexander discase entity beyond the classical one. We report the
patient, a 16-year-old Japanese boy, with infantile-onset Alexander disease, showing striking MRI findings; extreme white matter
loss of cerebrum through cerebellum, severe atrophy of basal ganglia, cerebellum, brain stem, and cervical spinal cord. Molecular
analysis showed a heterozygous mutation R239L (¢.730G > T) in GFAP. A relative long disease course, over 15 years, with the help
of mechanical ventilation revealed the striking MRI progression.

© 2010 Elsevier B.V. All rights reserved.

Keywords: Infantile Alexander disease; GFAP; R239L; White matter; Cerebellum

1. Introduction

Alexander disease (OMIM #203450), a major entity of
leukodystrophy, was originally defined pathologically by
an accumulation of rod-shaped eosinophilic deposits,
recognized as Rosenthal fibers within astrocytes, and
demyelination of the white matter [1,2]. Magnetic
resonance imaging (MRI) studies of the brain typically
show extensive changes in the cerebral white matter with
frontal predominance [3] Since Brenner et al. revealed
that heterozygous missense mutations of glial fibrillary

* Corresponding author at: Department of Neurology, Gunma
Children’s Medical Center, 779 Shimohakoda Hokkitsu-machi, Shi-
bukawa, Gunma 377-8577, Japan. Tel.: +81 279 52 3551; fax: +81 279
52 2045.

E-mail address: shiithara-ind@umin.net (T. Shithara).

0387-7604/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.braindev.2010.10.007

acidic protein (GFAP) gene were associated with Alexan-
der disease, showing a heterozygous mutation in GFAP is
thought to be sufficient for the molecular diagnosis [1,4].
This relative ease for the diagnosis has widened the
Alexander disease entity beyond the classical one [1,5].
Here, we report on an Alexander disease patient with a
heterozygous mutation R239L (¢.730G > T) in GFAP,
showing a striking MRI progression over 15 years.

2. Case report

The patient (a 16-year-old boy) was the first child of
non-consanguineous parents. There was no history of
neurological illness in previous generations. He was born
at 38 weeks of gestation by normal delivery after an
uncomplicated pregnancy. At the time of birth, he
weighed 2940 g (—0.24, standard deviation (SD)), his
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Axial Axial Axial
T2-weighted

T1l-weighted T2-weighted

1-year-old

7-year-old

15-year-old

Sagittal
T1-weighted

Fig. 1. The rows A-C show MRI studies of our patient (axial T1-weighted image at the level of basal ganglia, axial T2-weighted image at the level of
basal ganglia, axial T2-weighted image at the level of cerebellum, and mid-sagittal T1- weighted image), performed at age 1 year-6 months, 7 years-
2 months, and 15 years-11 months. Cerebral white matter signal-intensity abnormalities (low T1-weighted and high T2-weighted) with frontal
predominance involving the arcuate fibers, the external and the extreme capsule, and basal ganglia symmetric signal-intensity abnormalities involving
mainly the caudate and putamen, are already apparent in A. Cerebellar white matter signal-intensity abnormalities are also noted in A.
Frontal dominant cerebral white matter cavitation, cerebral and cerebellar white matter volume loss, and brain-stem and cerebellar atrophy
are apparent in B. Cerebral and cerebellar white matter have almost vanished in C. Severe brain-stem, cerebellar, and cervical spinal cord atrophy are

also noted in C.

length was 51.5 cm (+1.19, SD), and his head circumfer-
ence (HC) was 32.0 cm (—0.93, SD); serial HC measure-
ments through age 4 years were all within normal limits
(ie., 48.6cm (+0.27, SD), 48.8 cm (—0.25, SD), and
50.0 cm (—0.29, SD) at age 18 months, 2 years-8 months,
and 4 years-5 months, respectively). His developmental
milestones were delayed during infancy (i.e., visual track-
ing at age 2 months, head control at 5 months, sitting
unsupported at 8 months, walking with aid at 1 year-
7 months and speaking at 1 year-3 months). At 1 year-
6 months, after a bout of convulsion, he came to our hos-
pital. Brain computed tomography showed symmetric
low density areas in the white matter of the frontal lobe
extending into the parietal lobes (figure not shown).
Thorough examinations, such as brain magnetic reso-
nance imaging (MRI), electrophysiologic studies, cere-
bro-spinal-fluid examination, and lysozomal enzyme
assays, were done, remained inconclusive. The treatment
with anticonvulsants was not successful. Subsequently,
he showed psychomotor regression. Around age 6 years,
he became bedridden and gradually respiratory insuffi-
ciency was evident. At age 8 years, he received a trache-
otomy, becoming ventilator dependent.

Since age 1 year-6 months, brain MRIs were done
at various intervals until age 7, which showed broad
symmetrical white matter involvements, extending
from the cerebrum through the cerebellum, with pro-
gressive white matter cavitation or loss (Fig. 1A and
B). Cerebral frontal lobe dominant white matter
abnormalities, symmetrical basal ganglia involvements,
periventricular rims, and cerebellar atrophy were also
noted.

At age 15 years, he showed macrocephaly; his HC was
59.5cm (+3.2, SD), repetitive facial myoclonus, poor
visual fixation or tracking, auditory startle response,
severe muscle atrophy of all extremities, and the loss of
deep-tendon reflexes. He had a sleep wake cycle and
could show some vague facial expressions, indicating
comfort or discomfort. Brain MRI revealed extreme
white matter loss of the cerebrum through the cerebel-
lum, severe atrophy of basal ganglia, cerebellum, brain
stem, and cervical spinal cord (Fig. 1C). Table 1 summa-
rizes serial MRI changes in this patient (Table 1). After
obtaining parental informed consent, gene analysis
revealed a heterozygous mutation R239L (c.730G > T)
in GFAP (Fig. 2).




Table 1
Serial MR 1 changes in our patient.
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Age Main findings

Signal-intensity abnormalities

Volume abnormalities

1-year-6-month

Cerebral white matter (frontal dominant), basal ganglia

(symmetrical), cerebellar white matter and periventricular rims

2-year-8-month

3-year-1-month
4-year-1-month
5-year-0-month Cerebellar white matter abnormally progressed

7-year-2-month

Cerebral white matter atrophy and glimpse of cerebral white
matter cavitation (frontal lobe)

Glimpse of basal ganglia atrophy

White matter cavitation and atrophy progressed (frontal lobe)
White matter cavitation and atrophy progressed (frontal lobe)
and glimpse of cerebellar and brain-stem atrophy

Cerebral white matter cavitation (extending to parietal lobe),
cerebral, basal ganglia, cerebellar and brain-stem atrophy
progressed

15-year-11-month  White matter signal abnormalities less visible (due to extensive Almost vanished cerebral and cerebellar white matter, severe

cavitation or atrophy)

brain-stem, cerebellar, and cervical spinal cord atrophy

Ile Arg/Leu Thr
ATCCGTCACG

DAYATAWSATAVYY

A heterozygous mutation
R239L (¢.730G>T)

Fig. 2. Direct sequencing analysis of the patient shows a heterozygous
mutation R239L due to a G to T transversion (¢.730G > T; arrow) of
GFAP.

3. Discussion

The clinical presentation of Alexander disease can be
divided into three groups, infantile, juvenile, and adult
[2]. van der Knaap et al. defined the five MRI criteria
for infantile or juvenile Alexander disease, such as exten-
sive cerebral white matter changes with frontal predom-
inance, a periventricular rim with high signal on TI-
weighted images and low signal on T2-weighted images,
abnormalities of basal ganglia and thalami, brain stem
abnormalities, and contrast enhancement of particular
gray and white matter structures [3]. We did not employ
gadolinium enhancement, however; the four MRI crite-
ria out of five, other than the contrast enhancement,
were fulfilled on his early MRI. Although, some of
infantile Alexander disease patients did not manifest
macrocephaly and others manifested it after infancy,
the lack of macrocephaly, progressive white matter cav-
itation and volume loss led us to almost disregard his
diagnostic possibility of Alexander disease, and vanish-
ing white matter became a tentative diagnosis [6,7].
R239 is one of hotspots of GFAP mutations and an
infantile Alexander disease patient with R239L muta-
tion was previously reported [1.4,8]. Thus, the heterozy-
gous R239L mutation in our patient made the
Alexander disease diagnosis certain.

Although there are some reports of Alexander disease
patients with cerebral white matter cavitation, as far as
we know, the extensive cavitation, as though almost
all white matter has vanished not only in the cerebrum
but also in the cerebellum, seen in our patient, has not
been reported [6,9]. Brain-stem and cervical spinal cord
involvements, seen in our patient, are common findings
in adult-onset Alexander disease [10]. In his early MRI,
the supratentorial lesions progressed diffusely preserving
the basic characteristics of infantile Alexander disease; a
frontal predominance of the white matter abnormalities
relatively sparing the frontal cortex and the occipital
lobe [2,3]. After infancy, subtentorial lesions gradually
developed in the whole rhombencephalon, finally ending
in the twiggy brain-stem and the nearly vanishing cere-
bellum, representing the possible extreme end stage of
adult type Alexander disease [10]. So, it would be said
that he had serially demonstrated the extreme character-
istics of each type Alexander disease in a period of
15 years, with the help of mechanical ventilation (and,
of course, his parents’ love and dedication). Toxic
gain-of-function of GFAP has a pivotal role in Alexan-
der disease pathogenesis [1,2]. The lesional distribution
difference in cach Alexander disease subtype might
result from not only the disease severity but also an
age-dependent astrocyte activity in a particular part of
brain. Until now the precise data are lacking, therefore,
it is a mere speculation, awaiting data from further
studies’.
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Case Report

A case of cerebral aquaporinopathy
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Abstract

A 35-year-old woman was hospitalized due to impaired consciousness. Magnetic resonance imaging (MRI) revealed
multiple parenchymal lesions in supra and infratentorial brain regions, which were considered responsible for her
declining consciousness level. She was treated with intravenous methylprednisolone. Neurological symptoms improved
and she was discharged. She was readmitted 14 months later due to intractable hiccups. A follow-up brain MRI revealed
an abnormal signal near the area postrema in the dorsal medulla. Serum aquaporin-4 antibody levels were positive, but
there were no visual manifestations or myelitis. Spinal MRI was negative for longitudinally extended transverse myelitis

throughout the clinical course.
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Introduction

Neuromyelitis optica (NMO) is an inflammatory disease
of the central nervous system (CNS). The cardinal fea-
tures of NMO include severe optic neuritis and longitu-
dinally extended transverse myelitis (LETM). Whether
NMO is a variant of multiple sclerosis (MS) or a sepa-
rate disease altogether has long been debated. Currently,
with the advent of the aquaporin-4 (AQP4) antibody,
NMO has been recognized as a discrete disease.'?
Here we describe the case of a patient who showed recur-
rent brain lesions on magnetic resonance imaging (MRI)
and who had detectable AQP4 antibody levels.
Interestingly, there were no features of optic neuritis or
LETM present on the patient’s spinal MRIL.

Case report

A 35-year-old woman was admitted to our hospital
with a high fever, headache and impaired conscious-
ness. A neurological examination revealed left medial
longitudinal fasciculus syndrome, left facial palsy and
impairment of consciousness. The complete blood
count as well as serum electrolyte and glucose levels
were normal. Serum antinuclear antibodies were
absent. The erythrocyte sedimentation rate was
18 mm/h and the C-reactive protein concentration was

0.13mg/l. The antibody concentration for double-
stranded DNA was below 101U/ml. Antibody tests
for proteinase-3-anti-neutrophil cytoplasmic antibody
(PR3-ANCA) and myeloperoxidase-anti-neutrophil
cytoplasmic antibody (MPO-ANCA) were negative.
A cerebrospinal fluid examination revealed a nor-
mal cell count (3/mm?, mononuclear cells 3/mm?, poly-
morphonuclear cells 0/mm?), and elevated protein
(56mg/dl) and myelin basic protein concentrations
(504 pg/ml; normal range <102pg/ml). The patient
was negative for IgG (7mg/dl), IgG index (0.44),
soluble-interleukin-2 receptor (<851U/ml) and oligo-
clonal IgG.

Upon admission, MRI revealed multiple parenchy-
mal lesions in both the supra and infratentorial regions
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getting discharged in a couple of months she was able
to ambulate independently. The signal abnormalities
were significantly improved on a follow-up brain MRIL

Fourteen months after initial admission, the patient
was readmitted due to intractable hiccups, at which
point she was on a daily dosage of 4.0 mg prednisolone.
Laboratory findings were within normal limits. A
follow-up brain MRI with subtle contrast enhance-
ments revealed signal abnormalities near the area post-
rema in the dorsal medulla (Figure 1D).

Spinal MRI was unremarkable. Both visually
evoked potentials and auditory brainstem responses
were normal. Serum AQP4 antibody levels were posi-
tive, and the stored serum from her first hospital admis-
sion was also positive for AQP4 antibodies.

Discussion

NMO is an inflammatory disorder of the CNS, and
tends to affect the optic nerves and spinal cord. In gen-
eral, NMO follows a relapsing course and clinically
begins with either optic neuritis or myelitis, and can
manifest as isolated myelitis or optic neuritis.®
However, the patient described here had neither
visual symptoms nor LETM throughout the clinical
course. The brain lesions depicted on MRI were the
only indications of NMO in this patient. However,
the lesions in the right central gray matter and the left
parietal cortex had an atypical location and appearance
for NMO, which made the prospective diagnosis of
NMO more difficult.

A recent neuroimaging study revealed that brain
lesions can occur in a fraction of patients with NMO,
and that the vulnerable areas often reside adjacent to
the ventricular system.® Lesions around the third or
fourth ventricles or the aqueduct of Sylvius area are
more common than those adjacent to the lateral ven-
tricles.® In this case, hyperintense areas on FLAIR
images were noted in the periaqueductal region and
hypothalamus during the first episode. Subsequently,
a new area of signal abnormalities emerged in the
area postrema of the medulla, which is known to be
another area affected by NMO. The characteristic dis-
tribution of these lesions prompted investigations into
serum AQP4 antibody levels, despite the fact that the
patient lacked clinical evidence of optic neuritis or
LETM, both cardinal features of NMO.

AQP4 is a ubiquitous protein in the CNS; however,
it is most heavily distributed in the spinal cord and

tegmental medulla extending into the area postrema.
These are the areas where there is typically a striking
loss of AQP4 in patients with NMO.*

The AQP4 antibody has 73% sensitivity and 91%
specificity for diagnosing NMO and is considered to be
a specific autoantibody marker for NMO.® The brain
lesions in this case were conceivably caused by astro-
cytic impairment associated with NMO. However, nei-
ther clinical manifestations of myelitis nor LETM on
spinal MRI were revealed throughout the clinical
course. To the best of our knowledge, this is the first
AQP4 antibody-positive case showing lesions restricted
to the brain. It is possible that this patient may experi-
ence a relapse of NMO in the future with a more typical
constellation of symptoms. However, this case poses a
diagnostic dilemma for NMO. Therefore, it is proposed
that such patients should be diagnosed with ‘AQP4-
autoimmune syndrome’ rather than NMO.
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