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Abstract
Background

Alexander disease (AxD, OMIM 203450) is a rare and generally fatal disorder of the central nervous
system associated with heterozygous mutations in glial �brillary acidic protein (GFAP) gene.
Neuroradiological and clinical features of adult onset AxD is characterized by involvement of hindbrain
structures. Psychiatric manifestations and extensive white matter lesions are very sparse in adult onset
AxD.

Case presentation

We diagnosed a female with AxD presenting with recurrent hyponatremia caused by psychogenic
polydipsia as initial symptom at the onset age of 52-year-old. Neurological examination revealed slightly
cognitive decline and brisk deep tendon re�ex (DTR) in bilateral lower limbs. The symptoms commonly
seen in adult onset AxD such as pseudobulbar signs, ataxia and spasticity were not found in the clinical
course of disease. Her mother and elder brother had a history of schizophrenia. The patient has had a
history of compulsive water drinking as well as personality change in recent years. Her brain magnetic
resonance imaging (MRI) showed extensive involvement of white matter without atrophy of medulla
oblongata and cervical spinal cord. The next generation DNA sequencing (NGS) showed a likely
pathogenic nonsense mutation C1237C>T(pR413*) in GFAP-ε isoform.

Conclusions

Our report enriches the understanding of familial adult onset AxD. Our case also contributes to evidence
of pathogenicity of the variants in GFAP-ε as the cause of adult onset AxD.

Background
Alexander disease (AxD) is a rare, sporadic or autosomal dominant clinically heterogeneous disorder of
the central nervous system associated with mutations in the coding region of glial �brillary acid protein
(GFAP). According to the age of onset, three subtypes have been distinguished: infantile, juvenile and
adult [1]. The clinical and neuroradiological presentation of adult onset AxD is very different from that of
early onset AxD. Adult onset AxD is clinically characterized by spasticity, ataxia bulbar, pseudobulbar and
pyramidal signs. Atrophy or signal changes of medulla and upper cervical cord on MRI were found in
most cases of adult onset AxD, while cerebral white matter abnormalities were rare and limited to the
periventricular rim. Psychiatric manifestations and extensive white matter lesions are very sparse in adult
onset AxD. We investigated a patient with leukodystrophy who was �nally diagnosed as adult onset AxD
presented with psychogenic polydipsia induced recurrent hyponatremia as initial symptom.
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Case Presentation
The 52-year-old female was the second of two children of non-consanguineous Chinese parents. Her
medical history was unremarkable except for an approximately 5L daily water intake and a personality
change in the past 2-3 years. The onset of psychosis is so insidious that the patient fails to notice the
symptoms and visit the doctor. Psychiatric consultation when she was �rst referred to us suggested a
diagnosis of schizophrenia. Family history revealed a history of schizophrenia in both her mother and
brother. The patient was nearly functioning well until she had an episode of fever following intermittent
headache, nausea, vomiting and delirium. Although her fever was cured after antibiotic therapy,
symptoms of dizziness, nausea and vomiting were not improved, and a sudden disturbance of
consciousness occurred after ten days. Cranial computed tomography (CT) showed diffuse low signal in
symmetrical bilateral subcortical white matter. Blood tests were unremarkable except for low serum
sodium concentration (121 mmol/L). Her symptoms and consciousness were improved after combined
treatment with methylprednisolone, intravenous immunoglobulin (IVIG), antibiotics, mannitol and sodium
supplementation. The same symptoms as well as hyponatremia (119 mmol/L) reoccurred two weeks
later and were improved rapidly again after sodium supplementation. She complained of anxiety and a
burning sensation in the gastrointestinal tract without water. Neurological examination revealed mild
cognitive decline and brisk deep tendon re�ex (DTR) in the bilateral lower limbs. Blood tests including
complete blood count, routine chemistry test, thyroid functions, aldosterone, cortisol, TORCH and
antinuclear antibody spectrum were unremarkable. The �uid deprivation test excluded the diagnosis of
diabetes insipidus. Her brain magnetic resonance imaging (MRI) showed extensive bilaterally
symmetrical white matter hyperintensities involving the periventricular, thalamus and centrum semiovale
as well as the brainstem region, without gadolinium enhancement. Diffusion weighted imaging (DWI)
revealed slight hyperintensity in brainstem areas (Fig1a-h). Magnetic resonance angiography (MRA) and
magnetic resonance venography (MRV), electroencephalogram and polysomnography showed
unremarkable results. A total of three serial lumbar puncture tests were normal except for slightly
increased cerebrospinal �uid pressures ranging from 200 to 280 mmH2O. Autoantibodies of
paraneoplastic neurological syndrome and autoimmune encephalitis were negative. An NGS-based gene
panel including 189 gene which are involved in leukodystrophy and leukoencephalopathy was used for
testing. A heterozygous nonsense mutation c.1237C>T(pR413*) was detected in the alternative exon 7A
of GFAP-ε (Fig1i). The other family members (her brother and daughter) declined genetic testing and MRI
examination. 

The patient was followed up with phone interview six months and one year later after discharge. No new
disturbance of consciousness occurred in this patient after approximately three months of water
restriction and antipsychotic treatment. She discontinued agent therapy for her basically relieved
condition. There has been no gait and balance disorder, dysphonia so far in this patient. A mildly
disorganized speech and impaired communication can still be observed in this patient.

Discussion And Conclusions
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AxD were divided into three forms traditionally based on the age of onset: infantile, juvenile and adult.
Early onset AxD was prominently frontal-lobe involved and characterized by bilateral white-matter lesions.
The clinical and neuroradiological

presentation of adult onset AxD is very different from that of early onset AxD. The

abnormalities of adult onset AxD are mainly concentrated in the brainstem-spinal cord junction and
typically experience pseudobulbar symptoms such as dysarthria and

dysphonia, ataxia and palatal myoclonus. While the neurological characteristics of

adult onset AxD are well documented as above mentioned, there is sparse information

about neuropsychiatric symptoms. The MRI features of our patient is more consistent

with leukodystrophy. The clinical presentation and neurological �ndings of leukodystrophy are often
nonspeci�c. Psychiatric manifestations especially psychoses

have been commonly described in leukodystrophies; however, association of

psychoses with AxD has been rarely reported. Occasionally a case of adult onset AxD

that was concurrent with cerebral contusion presenting with demented symptoms was

reported [2]. Occasional case reports of mild cognitive, visual, and auditory abnormalities in adult onset
AxD are on record. Psychogenic polydipsia is

characterized by excessive �uid intake and accompanied by compensatory polyuria.

Psychogenic polydipsia is caused by psychiatric disorders, often schizophrenia

spectrum disorder, with an incidence of 11 to 20%. The onset of polydipsia and psychiatric symptoms
was very insidious in our patient. Thus, faced with a patient

with progressive mental disorder and leukodystrophy on MRI, a genetic investigation

of GFAP gene is recommended.

In adult onset AxD, an extensive white matter involvement on MRI in our patient is as rare as her
psychiatric manifestations. MRI plays an important role in diagnosis of adult onset AxD because of a
wide range of clinical presentation in this group. Detailed neuroradiologic �ndings included medulla
oblongata and cervical spinal cord atrophy, hilum of dentate nucleus hyperintense and periventricular
white matter abnormalities. Although the characterizations of MRI in the adult-onset group displayed
diversi�ed signs, many do show a unique tadpole-like feature of brain stem and upper cervical cord,
which is characterized by marked atrophy of the medulla oblongata and cervical spinal cord, although the
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pontine base remains intact [3, 4]. The leukodystrophy in MRI is not prominent in adult variants.
Approximately 90% cases showed marked medulla oblongata atrophy and 50% had deep or
periventricular white matter lesions [1]. Supratentorial periventricular abnormalities and cerebral
involvement are less likely to appear in patients with age over 40 years at onset of the disease [5]. In our
case, MRI �ndings showed severe hyperintensity of extensive periventricular white matter without atrophy
in medulla oblongata and cervical spinal cord which is rare in adult onset AxD. 

Our report enriches the understanding of familial adult onset AxD. To the best of our knowledge, this is
perhaps the �rst case report of adult onset AxD presenting as psychogenic polydipsia in the world
literature. This study expands the mutation spectrum of leukodystrophy presenting with psychiatric
manifestations.
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AxD: Alexander disease; DNA: deoxyribonucleic acid; NGS: next generation DNA

sequencing; MRI: magnetic resonance imaging; DWI: diffusion weighted imaging;

FLAIR: �uid attenuated inversion recovery; GFAP: glial �brillary acidic protein;

MRA: magnetic resonance angiography; MRV: magnetic resonance venography;

CSF: cerebral spinal �uid;
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Figure 1

Brain MRI of a patient with adult onset AxD presenting with psychiatric symptoms. T2 FLAIR image
showing symmetrical hyperintense signal in the brainstem, temporal pole, basal ganglia and centrum
semiovale region (a, b, c and d). DWI image showing diffuse limitation lesion in brainstem (e and f).
Contrast MRI brain showing no enhancement (g). T2 image showing no atrophy of the medulla
oblongata and the cervical spinal cord (h). Electropherograms of the GFAP exon 7A region containing a
heterozygous nonsense mutation point: c.1237C>T, leading to an amino acid change in p.R413* (i).


