
1Inoue K, et al. BMJ Case Rep 2017. doi:10.1136/bcr-2017-219721

SUMMARY
We described a rare case of the syndrome of inappropriate 
antidiuretic hormone secretion (SIADH) and severe 
unconsciousness accompanied by bilateral hypothalamic 
and anterior thalamic lesions with positive serum 
antiaquaporin 4 (AQP4) antibody. A 29-year-old man 
was admitted to our hospital due to the subacute 
progression of an unconscious state. He was observed to 
be hyponatraemic secondary to SIADH. Brain MRI showed 
bilateral hypothalamic and anterior thalamic lesions. 
Anti-AQP4 antibody was detected in his serum. After the 
administration of intravenous methylprednisolone pulse 
therapy, his symptoms improved with complete recovery 
from SIADH and regression of the hypothalamic and 
anterior thalamic lesions. The patient was transferred to 
another hospital for rehabilitation with 20 mg/day of oral 
prednisolone 127 days after admission. This case highlights 
the importance of testing for anti-AQP4 antibody in 
patients with unexplainable SIADH, subacute progressive 
unconsciousness and bilateral hypothalamic and anterior 
thalamic lesions.

BACKGROUND
The syndrome of inappropriate antidiuretic 
hormone secretion (SIADH) is a well-known cause 
of hyponatraemia.1 It is important to determine the 
cause of SIADH because it can be secondary to a 
number of other pathological states, such as malig-
nant diseases, pulmonary disorders, disorders of the 
central nervous system and drugs.1

The presence of antiaquaporin 4 (AQP4) anti-
body is specific for neuromyelitis optica (NMO) 
and NMO spectrum disease (NMOSD).2 Patients 
with anti-AQP4 antibody sometimes have hypotha-
lamic abnormalities.3 Moreover, a previous cohort 
study suggested that SIADH was observed in some 
patients with anti-AQP4 antibody.4 In this context, 
we report a young man presenting with SIADH 
and subacute progressive unconsciousness accom-
panied by bilateral hypothalamic and anterior 
thalamic lesions and serum anti-AQP4 antibody. It 
is important to test for anti-AQP4 antibody when a 
patient presents with unexplainable hypothalamic 
lesions and SIADH, although few such cases have 
been reported.

CASE PRESENTATION
A 29-year-old man was admitted to our hospital for 
uncontrollable hyponatraemia and an unconscious 

state. Two weeks prior to admission, he had a mild 
fever of 38°C and presented to a general physician. 
He was diagnosed with upper respiratory inflam-
mation and the doctor prescribed non-steroidal 
anti-inflammatory drugs (NSAIDs) and antibiotics. 
However, his symptoms did not improve, and he 
began to experience nausea, headache and poor 
appetite 1 week prior to admission. Two days before 
hospital admission his serum sodium level was 
measured to be 112 mEq/L. He gradually progressed 
to an unconscious state, despite infusion with a litre 
of 0.9% saline, and his mother brought him to the 
emergency department of our hospital. His medical 
history was unremarkable. His mother had a history 
of pharyngeal cancer. Other family members did 
not have any medical history, including endocrinop-
athy. He had not taken any medications or supple-
ments before this episode. On admission, his body 
temperature (BT) was 36.2°C, blood pressure was 
127/83 mm  Hg and pulse rate was 60 beats/min. 
His Glasgow Coma Scale (GCS) was E4V4M6, and 
extraocular movements were full and smooth. He 
had bilateral sluggish papillary responses to light, 
and poor tendon reflexes bilaterally at the biceps 
brachii, triceps brachii, brachioradialis, patella and 
achilles. His Babinski and Chaddock signs showed 
planter responses. His physical examination was 
otherwise normal.

INVESTIGATIONS
Table  1 shows the results of laboratory testing. 
The patient was hyponatraemic, had hypo-os-
molar serum and a serum antidiuretic hormone 
(ADH) level of 3.6 pg/mL (reference range: 0–4 pg/
mL). He did not have any signs of dehydration, 
heart failure or liver cirrhosis. His adrenal, thyroid 
and renal functions were all normal. He had low 
levels of luteinising hormone, follicle-stimulating 
hormone and testosterone. The test results for the 
following autoimmune antibodies were negative: 
antinuclear, antineutrophil cytoplasmic, antimito-
chondrial, anti-double-strand DNA and anti-SS-A/
SS-B (Sjögren Syndrome type A and B) antibodies. 
PCR investigation for tuberculosis and Mycobacte-
rium avium complex was negative. Examination of 
the cerebrospinal fluid (CSF) revealed mild pleo-
cytosis (10/µL), normal protein levels (37 mg/dL), 
negative oligoclonal bands and elevated myelin basic 
protein (291 pg/mL, reference range: ≤102 pg/mL). 
The CSF IgG index was 0.68. PCR investigation for 

CASE REPORT

Syndrome of inappropriate antidiuretic hormone 
accompanied by bilateral hypothalamic and anterior 
thalamic lesions with serum antiaquaporin 4 antibody
Kosuke Inoue,1 Takahiro Nakayama,2 Aya Kamisawa,2 Jun Saito1

Unusual association of diseases/symptoms

To cite: Inoue K, 
Nakayama T, Kamisawa A, 
et al. BMJ Case Rep 
Published Online First: 
[please include Day Month 
Year]. doi:10.1136/bcr-2017-
219721

1Endocrinology and Diabetes 
Center, Yokohama Rosai 
Hospital, Yokohama City, Japan
2Department of Neurology, 
Division of Neuromuscular 
Diseases, Yokohama Rosai 
Hospital, Yokohama, Japan

Correspondence to
Dr Kosuke Inoue,  
​kosuke.​inoue1989@​gmail.​com, ​
bluebird_​si@​hotmail.​com

Accepted 3 April 2017

http://casereports.bmj.com/
http://crossmark.crossref.org


2� Inoue K, et al. BMJ Case Rep 2017. doi:10.1136/bcr-2017-219721

Unusual association of diseases/symptoms

herpes simplex virus and varicella zoster virus was also negative. 
Blood and CSF cultures were negative. Electroencephalography 
on the third day after hospital admission showed poor 8–9 Hz 
alpha wave activity with dominant presence in the occipital lobe, 
mixed with bilateral frontal pole-dominant or parieto-occipital 
dominant delta wave activity. His brain MRI showed high-inten-
sity lesions of the bilateral hypothalamus including the anterior 
thalamus in the T2-weighted image and fluid-attenuated inver-
sion recovery images (figure  1). We also observed high signal 
intensity of the same lesions by contrast-enhanced MRI using 
a gadolinium-based contrast agent (figure  1). There were no 

abnormal findings in an MRI of the entire spinal cord. On the 
50th day after admission, anti-AQP4 antibody was detected in a 
blood sample that was collected on the sixth day after admission.

DIFFERENTIAL DIAGNOSIS
We diagnosed this patient with SIADH from the relatively high 
ADH secretion (3.6 pg/mL), low serum sodium levels (121 
mEq/L) and lack of clinical features of dehydration. Low levels 
of uric acid (1.3 mg/dL), unsuppressed plasma renin activity 
(4.3 ng/mL/h) and the gap of osmolality between plasma and 
urine samples (plasma, 247 mOsm/kg, and urine, 372 mOsm/

Table 1  Laboratory findings

Blood samples Urine samples

WBC 6.8×109 /L Cr 0.47 mg/dL Cr 46.89 mg/dL

Hb 15.8 g/dL Na 121 mEq/L Na 92 mEq/L

Plt 185×109 /L K 3.5 mEq/L K 15 mEq/L

Alb 3.8 g/dL Cl 87 mEq/L Cl 104 mEq/L

AST 28 IU/L UA 1.3 mg/dL UA 29.9 mg/dL

ALT 77 IU/L CRP 0.99 mg/dL UN 213.4 mg/dL

BUN 4.2 mg/dL OSM 247 mOsm/kg OSM 372 mOsm/kg

Endocrine function (taken at early morning)

TSH 1.67 µIU/mL LH 0.58 mIU/mL ADH 3.6 pg/mL

Free T4 1.3 ng/dL FSH 0.70 mIU/mL GH 2.57 ng/mL

Free T3 2.2 pg/mL PRL 35.1 ng/mL IGF-1 267 ng/mL

PRA 4.3 ng/mL/h ACTH 21.4 pg/mL Testosterone 0.2 ng/mL

Aldosterone 187 pg/mL Cortisol 7.1 µg/dL DHEA-S 146 µg/dL

ACTH, adrenocorticotropic hormone; ADH, antidiuretic hormone; Alb, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CRP, C reactive 
protein; DHEA-S, dehydroepiandrosterone sulfate; FSH, follicle-stimulating hormone; GH, growth hormone; Hb, haemoglobin; IGF-1, insulin-like growth factor-1; LH, luteinising hormone; Plt, 
platelet; PRA, plasma renin activity; PRL, prolactin; OSM, osmolality; TSH, thyroid-stimulating hormone; UA, uric acid; UN, urea nitrogen; WBC, white blood cell; T3, triiodothyronine; T4, 
thyroxine.

Figure 1  MRI on the fifth day after admission. We found bilateral hypothalamic and anterior thalamic high-intensity lesions in fluid-attenuated 
inversion recovery images (3.0 T; TR 6200 ms, TE 105 ms) on the fifth day after admission (A,B: axial; D–F: coronal). We also observed high signal 
intensity of the same lesions by contrast-enhanced MRI using a gadolinium-based contrast agent (C) (T1-weighted image, 3.0 T; TR 557 ms, TE 12 ms). 
T, Tesla; TE, echo time; TR, repetition time.
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kg) were consistent with this diagnosis. He was not observed to 
have an ectopic ADH producing tumour by chest and abdominal 
CT. He did not have an episode of excessive water intake, and he 
had never taken any diuretics. NSAIDs, which were prescribed 
before admission, might increase the action of ADH1 and worsen 
his hyponatraemia.

In regard to the brain abnormalities, acute disseminated 
encephalomyelitis was considered less likely, because of his 
subacute deterioration, the bilateral symmetrical lesions in his 
brain, the subtle elevation of C reactive protein level and the 
mild pleocytosis and normal protein levels in CSF.5 Central 
pontine and extrapontine myelinolysis (CPM/EPM) were also 
considered. However, he had no history of a rapid increase 
of serum sodium levels, and the bilateral hypothalamic lesions 
are not typical sites of CPM/EPM.6 Neuropsychiatric systemic 
lupus erythematosus was ruled out because of the negative 
results for antineutrophil cytoplasmic antibodies and anti-dou-
ble-strand DNA antibodies.7

TREATMENT
His clinical course is shown in figure 2. On the sixth day after 
admission, he had a fever of 40.7°C and progressed to uncon-
sciousness. He consistently showed bradycardia relative to his 
high temperature (figure 2). His GCS was E2V2M5, although 
hyponatraemia was corrected (to 132 mEq/L) by fluid intake 
restriction. We considered that he might have an autoimmune 
disorder because he had a clinical history of upper respiratory 
inflammation 2 weeks prior to admission, and some cases of 
NMO had been reported to be accompanied by bilateral hypotha-
lamic lesions.4 We introduced intravenous methylprednisolone 

pulse therapy (IVMP; methylprednisolone 1000 mg/day) 3 days/
week, beginning on the seventh day after admission.

OUTCOME AND FOLLOW-UP
His condition gradually improved after four courses of IVMP, 
and a follow-up MRI on the 47th day after admission showed a 
significant reduction of signal intensity in the bilateral hypothal-
amus and anterior thalamus (figure 3). He recovered completely 
from SIADH with the regression of the hypothalamic lesion. His 
consciousness gradually recovered after another course of IVMP, 
and subsequent oral prednisolone (PSL) (35 mg/day) administra-
tion was continued from the 53rd day after admission. We tapered 
the PSL dose (about 5 mg every 3 weeks) according to a review 

Figure 2  Clinical course. His hyponatraemia was corrected by the restriction of fluid intake, but he had elevated BT and decreased consciousness 
on the fifth day after admission. He consistently showed bradycardia, relative to his high temperature. His condition gradually improved after four 
courses of the intravenous mPSL pulse therapy (IVMP). After an additional course of IVMP, he returned to being afebrile and his consciousness 
dramatically recovered. He was finally transferred to another hospital for rehabilitation with 20 mg/day of oral PSL 127 days after admission. 
Antiaquaporin 4 antibody was revealed to be positive on the 50th day after admission, using the blood sample taken before the introduction of 
IVMP. BT, body temperature; HR, heart rate; GCS, Glasgow Coma Scale; mPSL, methylprednisolone; PSL, prednisolone.

Figure 3  MRI (fluid-attenuated inversion recovery images, coronal, 
3.0 T; TR 10 000 ms, TE 104 ms) on the fifth (A), 47th (B) and 110th (C) 
day after admission. The bilateral hypothalamic and anterior thalamic 
high-intensity lesions gradually improved on the following MRI. T, Tesla; 
TE, echo time; TR, repetition time.
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of the treatment for patients with NMO8 (figure 2). A follow-up 
brain MRI on the 110th day after admission showed improvement 
of the hypothalamic lesions (figure 3). The patient was transferred 
to another hospital for rehabilitation on the 127th day after admis-
sion with 20 mg/day of oral PSL (figure 2).

DISCUSSION
To the best of our knowledge, this is the first case of a young man 
with initial SIADH and subacute progressive unconsciousness, 
accompanied by bilateral hypothalamic and anterior thalamic 
lesions with positive serum anti-AQP4 antibody. We assumed that 
his SIADH was caused by the bilateral hypothalamic and anterior 
thalamic lesions, which could in turn be due to anti-AQP4 anti-
body development as a consequence of his clinical history of upper 
respiratory inflammation 2 weeks prior to admission.9

Anti-AQP4 antibody is one of the most important antibodies in 
patients with NMO/NMOSD,10 and our case highlights the impor-
tance of investigating for anti-AQP4 antibody in cases with lesions 
in areas surrounding the hypothalamus. It has been reported 
that high levels of AQP4 expression were observed with hypo-
thalamic, brainstem and periventricular lesions.11 A pathological 
study reported that astrocyte cytotoxicity of anti-AQP4 antibody 
might cause demyelination,12 which would damage the regulation 
of the secretion of ADH in the hypothalamus.13 A Chinese cohort 
study using patients with anti-AQP4 antibody showed that 14.6% 
(6/41) of the patients met criteria for SIADH, and 26.8% (11/41) 
of the patients had hypothalamic lesions.4 Some previous reports 
also described hypothalamic lesions in patients with anti-AQP4 
antibody,14–17 regardless of whether or not they met the criteria of 
NMO/NMOSD.2 Table 2 shows the review of cases with SIADH as 
an initial manifestation, abnormal hypothalamic lesions observed 
by MRI and positive anti-AQP4 antibody. In these patients, bilat-
eral hypothalamic abnormalities had been reported in at least two 
female patients. Two cases had thalamic abnormalities as well as 
hypothalamic abnormalities, and their clinical course included 
unconsciousness. Their symptoms deteriorated over the course of a 
few days, as in our present case, although the symptoms developed 
over a longer duration in the other cases reported. Serum sodium 
levels varied in each individual, and they were not related to the 
severity of the disease. Our case did not meet criteria for NMO/
NMOSD because the patient was not a recurrent case, and there 
was no evidence of optic neuritis or myelitis confirmed by MRI 

images.2 18 We need to follow up carefully to determine whether 
he has these abnormalities in the future.

Moreover, we reasoned that the unconsciousness in this patient 
might have been due to the anterior thalamic lesions in addition 
to his hyponatraemia, because his condition continued to get 
worse despite improvement of the hyponatraemia. The report of 
patients who had a stroke with bilateral anterior thalamic lesions 
supports the clinical course of this patient, whose unconscious-
ness improved in parallel with the improvement of the thalamic 
lesions.19 Nozaki et al20 showed the correlation between the 
orexin level of the patient and the cause of unconsciousness in 
patients with NMOSD. Although we did not measure the orexin 
levels in his CSF, we excluded narcolepsy as a possible reason for 
the improvement of his unconsciousness by treatment without 
methamphetamine or other medicines for narcolepsy.

We need comprehensive management strategies for secondary 
dysfunctions induced by hypothalamic disruption. The present 
case showed hypogonadotropic hypogonadism, and uncontrol-
lable hyperthermia for more than 2 months during his clinical 
course. The hypothalamus plays an important role in homeo-
stasis, such as controlling BT, appetite and sleep through the 
secretion of oxytocin, vasopressin and other hypothalamic-re-
leasing hormones.21 Therefore, in addition to causing SIADH, 
bilateral hypothalamic lesions have the potential to trigger 
secondary diseases, such as uncontrollable hyperthermia, 
malfunction due to low appetite and hypopituitarism.

In conclusion, our report indicates the importance of searching 
for bilateral hypothalamic and anterior thalamic lesions in 
patients with unexplainable SIADH and unconsciousness. More-
over, measurement of anti-AQP4 antibody is preferred in such 
cases, because the result can provide important information to 
understand the patients’ physiological status and to prescribe the 
best treatment for them.

Table 2  Review of SIADH as an initial manifestation of abnormal hypothalamic lesions with a positive anti-AQP4 antibody

References Year Age Sex Unconsciousness Duration* Laterality† Na (mEq/L) Therapy

Nakajima et al14 2011 63 M – NA‡ Unilateral (left) 114 IVMP

Suzuki et al16 2012 21 F + 3 days Bilateral 127 IVMP

Lotze et al15 2012 15 F – 21 days Bilateral 111 IVMP
IVIG

Sakai et al13 2014 36 M +§ 5 days Unilateral (right) 121 IVMP
PE

Pu et al4 2015 24 F NA¶ NA NA** 114 IVMP

Present case 2016 29 M + 7 days Bilateral 112 IVMP

*Duration from the emergence of symptoms to admission.
†Laterality of the hypothalamic lesions in the MRI.
‡They described that it took 3 months from the first episode of SIADH to the emergence of neurological disabilities, although there was no information about admission.
§This case was accompanied with central and extrapontine myelinolysis.
¶Laterality was not described in this report.
**They did not describe whether the patient had unconsciousness or not, although they stated that four out of the six patients in their report experienced confusion and decreased 
consciousness.
AQP4, aquaporin 4; F, female; IVIG, intravenous immunoglobulin; IVMP, intravenous methylprednisolone pulse; M, male; NA, not applicable; PE, plasma exchange; SIADH, syndrome of 
inappropriate antidiuretic hormone secretion.

Patient’s perspective

We thank all of the doctors and nurses who engaged in 
providing care to my son. We are so impressed by his great 
recovery. We would be happy if this case report of my son helps 
someone with similar diseases in the world. (Comment from 
mother of the patient)
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Learning points

►► Young patients with unexplainable syndrome of 
inappropriate antidiuretic hormone secretion (SIADH) 
and prolonged unconsciousness might have bilateral 
hypothalamic and anterior thalamic lesions.

►► Measurement of antiaquaporin 4 antibody is recommended 
for patients with SIADH and bilateral hypothalamic lesions.

►► Bilateral hypothalamic lesions might cause endocrinopathy 
and thermoregulation disturbances which would require 
comprehensive management.
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