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s unveiled by
glucocorticoid therapy in a patient with an
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Abstract
Rationale: Some diseases contribute to hypopituitarism without clinical manifestations and the glucocorticoid therapy may unveil
central diabetes insipidus. The condition is rare and usually causes problems for clinical physicians.

Patient concerns: A 59-year-old woman presented to our hospital due to facial numbness and persistent eyelid heaviness.

Diagnosis:Physical examination and cerebrospinal fluid examination supported a diagnosis of Guillain–Barre ́ syndrome. Magnetic
resonance imaging showed an empty sella. Hormone test indicated hypopituitarism.

Interventions: The patient received intravenous immunoglobulin and glucocorticoid. Central diabetes insipidus appeared after 20
days. Subsequently, the patient was prescribed 1-desamino-8-D-arginine vasopressin and prednisone.

Outcomes: During 6 months’ follow-up, the patient’s urine output was gradually reduced to normal level.

Lessons: This case indicated that hypopituitarism may be caused by an empty sella and be masked by adrenal insufficiency.
Central diabetes insipidus may present after glucocorticoid therapy.

Abbreviations: ACTH = adrenocorticotropic hormone, AVP = arginine vasopressin, CDI = central diabetes insipidus, CRH =
corticotropin releasing hormone, CSF = cerebrospinal fluid, DDAVP = 1-desamino-8-D-arginine vasopressin, GBS = Guillain–Barre ́
syndrome, GC = glucocorticoid, GFR = glomerular filtration rate, SG = specific gravity.
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1. Introduction

Empty sella is one of the causes of hypopituitarism, and refers to
an intrasellar herniation of the subarachnoid space through a
congenital defect in the diaphragm sellae or pituitary involu-
tion.[1] Central diabetes insipidus may be masked by adrenal
insufficiency and uncovered by subsequent steroid therapy, due
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to involvement of arginine vasopressin (AVP)-dependent and
AVP-independent mechanisms.[2] Here, we report a rare case of a
patient with empty sella who developed central diabetes insipidus
following glucocorticoid (GC) administration.
2. Case report

A 59-year-old woman presented to the Neurology Department in
July 2019 with a history of numbness of the face and persistent
eyelid heaviness for 10 days. Physical examination revealed an
attenuated tendon reflex, negative pyramidal sign, and progres-
sively worsening symmetrical weakness of the extremities. Her
family and past histories were unremarkable. Magnetic reso-
nance imaging of the brain showed an empty sella (Fig. 1) and
electrophysiologic evidence of neurogenic injury in the extremi-
ties was also discovered. Hormone tests demonstrated decreased
levels of adrenocorticotropic hormone (ACTH), serum free
triiodothyronine, and free thyroxine, thus indicating hypopitu-
itarism. Cerebrospinal fluid (CSF) examination revealed no
abnormal findings. According to the diagnostic criteria for
Guillain-Barre ́ syndrome (GBS) proposed by the National
Institute of Neurological Disorders and Stroke in 1978,[3,4] the
symptoms of progressively worsening symmetrical weakness of
the extremities along with a reduced tendon reflex in this patient
were consistent with a diagnosis of GBS. According to a study by
Asbury et al,[3] unremarkable CSF findings were not an exclusion
criteria, since CSF examination in some patients did not reveal
typical albuminocytologic dissociation within 1 to 10weeks from
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Figure 1. Magnetic resonance images. (A) T1-weighted image in sagittal section view shows that the pituitary gland is pressed downwards, and the thickness is
about 0.4cm (white arrow). (B) T1-weighted image in coronal section view shows that the pituitary stalk is shifted to the left (white arrow).
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the onset of the symptoms. Once the diagnosis was confirmed, the
patient received intravenous immunoglobulin (20g�5 days),
methylprednisolone (1000mg�5 days and then 500mg�5
days), and dosage-tapered oral prednisone. Her 24-hour urine
output increased (4000–10000ml/day) after 20 days, and
urinalysis showed low specific gravity (SG) of the urine
(1.005) along with normal renal function. Subsequently, a high
dosage of 1-desamino-8-D-arginine vasopressin (DDAVP) was
administered which decreased the 24-hour urine output. In order
to identify the etiology, she underwent an 8-hour fluid
deprivation-vasopressin test (Table 1). During the test, symptoms
of hypovolemia were observed; however, there was little increase
in the urinary osmotic pressure and the urine SG remained below
1.010, suggesting a deficiency of AVP. On administration of 5 U
of exogenous AVP, the urinary SG increased rapidly with
doubling of the urine osmolality, and the ratio of urinary osmotic
pressure to plasma osmotic pressure was more than 1.0,
indicating that the patient responded appropriately to AVP.
Thus, these findings supported a diagnosis of central diabetes
insipidus (CDI). Although an increase in the serum sodium is a
feature of CDI, it may be normal at the time of clinical
diagnosis.[5] Consequently, the patient was prescribed daily
DDAVP and prednisone. After six months, her urine output
reduced to normal and the weakness of the extremities
disappeared.
Table 1

Results of an 8-hour fluid deprivation-vasopressin test.

Urine Output Urine Osmotic Pressu

Fluid deprivation test about 250ml/h 239 mOsm/kgH2O
Vasopressin test – 486 mOsm/kgH2O

2

3. Discussion
CDI is characterized by a failure to maximally concentrate the
urine along with a deficiency of AVP.[6] Occasionally, it may be
masked by adrenal insufficiency caused by hypopituitarism and
uncovered by corticosteroid therapy. The phenomenon of
polyuria due to CDI masked by a GC deficiency has been
described in other case reports.[2,7–22] The reported patients had
hypopituitarism attributable to different diseases and did not
manifest polyuria in the early stage; however, the typical
manifestations of CDI appeared after the administration of
GCs (Table 2).
The mechanisms of CDI and hypopituitarism are inter-

connected. It is difficult to identify CDI before starting GC
therapy in patients with hypopituitarism because they do not
manifest the characteristic symptoms of CDI. In the present case,
hypopituitarism was caused by an empty sella. Empty sella
compresses the pituitary and causes pituitary hormone deficiency
in 8% to 60% of the patients,[23] particularly leading to a
defective anterior pituitary function.[24] There are also a few case
reports of posterior empty sella in children presenting with CDI,
and in these cases the symptoms may be seen in the early years.
Nevertheless, the pathogenic mechanisms remain unclear.[25]

AVP, also known as antidiuretic hormone, is synthesized by
both the supraoptic and paraventricular nuclei in the hypothala-
mus. AVP is transported within secretory granules through the
re Plasma Osmotic Pressure Urine Specific Gravity

301 mOsm/kgH2O 1.007
292 mOsm/kgH2O 1.014



Table 2

A summary of previously published studies of CDI followed by GC therapy in patients with hypopituitarism.

References Sex/Age, yr Causes of Hypopituitarism Reasons for Administrating GC Dosage of GC
Duration of GC

therapy before CDI

Tamasawa et al[5] M/34 Acromegaly (a functioning
pituitary tumor)

Secondary adrenocortical failure GC 1200 mg/day, followed by a
gradually decreased dosage

5 days

Ohta et al[6] M/37 Malignant lymphoma Hypopituitarism Dexamethasone 0.5 mg/day Immediately
Endo et al[7] M/68 Acute myeloid leukaemia with

trilineage myelodysplasia
Neoplastic fever Methylprednisolone 40mg/day 3 days

Toftegaard and
Knudsen[8]

F/15 Primitive neuroectodermal
tumor

After induction of anaesthesia Dexamethasone 4mg Immediately

Tien et al[9] M/18 Intracranial germinoma Adrenal crisis Hydrocortisone and then cortisone
acetate subsequently (dosage
NA)

NA

Chin et al[10] F/71 Lung carcinoma with cerebral
metastases

Bronchospasm and perilesional
edemas surrounding the
cerebral metastases

Hydrocortisone 100mg /8h and
then dexamethasone
subsequently

NA

Fujiwara et al[11] M/38 Idiopathic giant cell
granulomatous
hypophysitis

Hypothalamic hypocortisolism Dexamethasone 0.5mg/day Immediately

Iida et al[12] M/52 Lymphocytic hypophysitis Hypopituitarism Hydrocortisone 15 mg/day 5 days
Ogawa et al[13] M/81 Lymphocytic hypophysitis Erythroderma Prednisolone 20mg/day NA
Huang et al[14] M/72 Lymphocytic hypophysitis Adrenal insufficiency NA 4 days
Arai et al[15] F/37 Lymphocytic panhypophysitis Hypopituitarism Hydrocortisone 10 mg/day 5 days
Sasaki et al[16] M/56 IgG4-related

infundibulohypophysitis
Lowered the serum IgG4 level Prednisolone 40 mg/day 14 days

Yoshioka et al[17] M/28 Sarcoidosis Hypopituitarism Hydrocortisone 20 mg/day NA
Non et al[18] F/45 Neurosarcoidosis Secondary adrenal insufficiency Hydrocortisone 100mg /8h 3 days
Yoshioka et al[19] M/50 Rathke’s cleft cyst Correcting hyponatremia Hydrocortisone from 5mg to 20

mg over 4 days
10 days

Asakawa et al[20] F/73 Rathke’s cleft cyst Adrenal insufficiency Hydrocortisone 10 mg/day NA
Asano et al[21] F/73 Rathke’s cleft cyst Anterior pituitary hormones

insufficiency
Hydrocortisone 15 mg/day 4 days

Present case F/59 Empty sella Guillain–Barre ́ syndrome Methylprednisolone 1000 mg/
day�5 days, 500 mg/day�5
days and dosage-tapered oral
prednisone subsequently

20 days

F= female, GC=glucocorticoid, M=male, NA=not available.
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supraoptic-hypophyseal tract to the posterior pituitary gland,
where the granules are stored and secreted on osmotic
stimulation.[26] The mechanisms of GC deficiency that impair
renal water excretion are both AVP-dependent and AVP-
independent. First, cortisol induces relative resistance of the
V2 receptor to AVP, which decreases the translocation of type 2
aquaporins for water reabsorption. Thus, in case of GC
deficiency, the effects of AVP are amplified.[27] Second,
corticotrophin-releasing hormone (CRH) neurons in the para-
ventricular nucleus stimulate the release of ACTH and AVP.
Additionally, CRH is upregulated in states of GC deficiency and,
thus, causes release of AVP.[2] Third, hypocortisolism results in
renal sodium loss and volume depletion, which are potent
stimulators for appropriately increasing the release of AVP.
Lastly, GC deficiency also leads to a decrease in the stroke volume
and cardiac output, resulting in non-osmotic stimulation of AVP
secretion.[28] Green et al found that adrenalectomised rats with
hereditary diabetes insipidus showed decreased free water
excretion, which was later rectified with GC replacement.[29]

This indicates mechanisms that are independent of AVP. GC
dilates both afferent and efferent resistances resulting in an
increase in the glomerular filtration rate (GFR); consequently, the
rate of water flow into the nephron increases.[30] Furthermore, an
increase in the water permeability of the distal tubules was found
3

in adrenalectomized Brattleboro rats, suggesting a direct action of
GC on renal tubules.[31] Hayamizu et al reported that GC can
stimulate atrial natriuretic peptide secretion to enhance the
diuretic effects.[32] As such, ameliorating GC deficiency can lead
to a reversal of these compensatory mechanisms, and diabetes
insipidus ensues (summarized in Fig. 2). Moreover, the timing of
GC deficiency may play a role in the mechanisms of CDI. Linas
et al studied the role of AVP in defective water excretion in rats
with diabetes insipidus and demonstrated that an AVP-dependent
impairment in water excretion after 24hours of GC deficiency
played a role. Additionally, an AVP-independent factor was
observed after 2 weeks of GC deficiency.[33]

We further hypothesized that the dosage and duration of GC
administration played a role in the development of CDI.
Unfortunately, since the data concerning dosage and duration
of GC in some previous studies were not available (summarized in
Table 2), the statistical results may be biased. We can conclude
that either the maintenance dosage or stress dosage of GC can
unmask CDI. However, no cases have been reported in which
CDI was induced only when greater than the maintenance dosage
of GCs was given.
In conclusion, empty sella is one of the causes of hypopituita-

rism, and GC replacement in patients with hypopituitarism can
unveil CDI. Our report is the first to describe the twomechanisms
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Figure 2. Schematic figure demonstrating the reasons for central diabetes insipidus after glucocorticoid administration.
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mentioned above seen together in a patient with an empty sella.
GC deficiency may lead to impaired water excretion, which is
mediated by AVP-dependent and AVP-independent mechanisms.
Therefore, attention should be paid when hypopituitarism is
encountered in the clinic as CDImay present on administration of
GC.
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