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Hyponatremia due to secondary adrenal insufficiency
prolonged general fatigue and anorexia

Successfully treated by dexamethasone with sodium chloride
Nephrology

Rare co-existance of disease or pathology

Patients who were surgically treated for Cushing’s syndrome postoperatively surrender to “primary” adrenal
insufficiency. However, the preoperative over-secretion of cortisol or the postoperative administration of ex-
cessive glucocorticoids can cause “secondary” adrenal insufficiency, in which the prevalence of hyponatremia
is usually lower than that of primary adrenal insufficiency.

A 60-year-old woman with a past medical history of Cushing’s syndrome developed hyponatremia with symp-
toms of acute glucocorticoid deficiency, such as prolonged general fatigue and anorexia, after upper respirato-
ry tract infection. A decrease in the serum cortisol level and the lack of increase in the ACTH level, despite the
increased demand for cortisol, enabled a diagnosis of “secondary” adrenal insufficiency. Although the initial
fluid replacement therapy was not effective, co-administration of dexamethasone and sodium chloride quick-
ly resolved her symptoms and ameliorated the refractory hyponatremia.

In this case, the hypothalamic-pituitary axis of the patient was thought to have become suppressed long after
the surgical treatment for Cushing’s syndrome. This case suggested a mechanism of refractory hyponatremia
caused by secondary adrenal insufficiency, for which the administration of dexamethasone and sodium chlo-
ride exerted additional therapeutic efficacy.
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Background

Patients with Cushing’s syndrome, who undergo unilateral
adrenalectomy or the surgical resection for adrenal tumors,
postoperatively surrender to “primary” adrenal insufficiency
(or also known as “Addison’s disease”), since the contralateral
adrenal gland is often suppressed by the prolonged over-secre-
tion of cortisol [1]. In these patients, in addition to the symp-
toms caused by the glucocorticoid deficiency, such as general
fatigue, anorexia or weight loss [2], the decreased activity of
mineralocorticoids often causes hyponatremia and hypoten-
sion, which sometimes results in severe volume depletion [3]
and the increased risks of cardiovascular morbidity and mortal-
ity [4]. Therefore, to prevent the occurrence of such symptoms,
the exogenous replacement therapy with both glucocorticoids
and mineralocorticoids is usually required postoperatively [5,6].
However, as we previously reported in a case [7], the preoper-
ative over-secretion of cortisol or the postoperative adminis-
tration of excessive glucocorticoids can cause “secondary” ad-
renal insufficiency, in which the hypothalamic-pituitary axis is
functionally suppressed [8]. In secondary adrenal insufficiency,
the prevalence of hyponatremia is usually lower compared to
that of primary adrenal insufficiency, since the release of min-
eralocorticoids is usually preserved [2]. Here, we report an ad-
ditional case of secondary adrenal insufficiency that developed
hyponatremia long after the surgical treatment for Cushing’s
syndrome. This case suggested a mechanism of refractory
hyponatremia caused by secondary adrenal insufficiency, for
which the administration of dexamethasone and sodium chlo-
ride exerted additional therapeutic efficacy.

Case Report

A 60-year old woman came to our outpatient clinic because of
general fatigue and anorexia which persisted for 7 days after
she first noticed the symptoms of an upper respiratory tract
infection, including pharyngalgia and mild fever (Figure 1). She
had a past medical history of Cushing’s syndrome at the age
of 14, for which a left adrenal adenoma was surgically resect-
ed, followed by radiation therapy. Oral administration of pred-
nisolone was initiated postoperatively, although it was quickly
tapered off in an outpatient clinic near her home.

On physical examination, the patient was pale and appeared
exhausted. Her body temperature was 35.6°C, blood pressure
was 107/60 mmHg, and pulse rate was 62 beats/min. She
weighed 45 kg and was 155 cm tall. Her skin was not dry and
there was no pigmentation. Her oral mucosa was moist and the
pharynx was slightly reddish. On physical examination of the
neck, cervical lymph nodes or thyroid masses were not palpa-
ble. No murmurs or 3" sound were heard on cardiac ausculta-
tion and there was no pitting edema on either leg. Laboratory
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Figure 1. Clinical course and the changes in free serum
sodium level (Na) and peripheral white blood cell
counts (WBC). The patient developed hyponatremia,
presenting general fatigue and anorexia after upper
respiratory tract infection. Although fluid replacement
therapy with 0.9% saline was insufficient, co-
administration of dexamethasone (DMS) and sodium
chloride (NaCl) quickly resolved the symptoms and
ameliorated the hyponatremia, which did not recur
after withdrawal of the drugs. DMS — dexamethasone;
NaCl - sodium chloride; Na — sodium; WBC — peripheral
white blood cells.

data showed severe hyponatremia (128 mEg/l) with a marked
decrease in the peripheral white blood cell counts (2800/ul),
in which neutrophils were absolutely decreased (1168/ul) but
lymphocytes were relatively increased (1179/ul). For her hy-
ponatremia, fluid replacement with 0.9% saline was started
as the initial treatment, although the treatment did not ame-
liorate the electrolyte disorder, nor did it improve her clinical
symptoms (Figure 1). In the present case, we did not initial-
ly examine urinary sodium concentration or osmolality to dif-
ferentiate sodium depletion from the other causes of hypo-
natremia, such as polydipsia and syndrome of inappropriate
secretion of antidiuretic hormone (SIADH) [9]. However, since
both the serum creatinine and blood urea nitrogen (BUN) lev-
els were normal (Cr, 0.51 mg/dl; BUN, 12.1 mg/dl) and the pa-
tient did not show any signs of volume depletion or overload,
her hyponatremia refractory to the initial treatment was not
likely to be caused by salt wasting or excessive water reten-
tion as a result of renal insufficiency. Instead, a significant de-
crease in the serum cortisol level (5.0 ug/dl) with prolonged
symptoms of glucocorticoid deficiency enabled a diagnosis of
hyponatremia caused by acute adrenal insufficiency. In this
case, we did not perform endocrinological examinations that
stimulate the hypothalamic-pituitary axis, such as the loading
tests of adrenocorticotropic hormone (ACTH) or corticotropin-
releasing hormone (CRH). However, as we previously described
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in a case report [7], the lack of an increase in the serum ACTH
(34.6 pg/ml) despite the increased demand for cortisol during
physical stress, such as having a viral infection, strongly sug-
gested the diagnosis of “secondary” adrenal insufficiency, in
which the hypothalamic-pituitary axis is functionally damaged.
Immediately after the diagnosis, oral administration of dexa-
methasone (0.5 mg/day) and sodium chloride (3 g/day) was
simultaneously started (Figure 1). Shortly after the initiation
of the drugs, the patient’s clinical symptoms, including gener-
al fatigue and anorexia, quickly disappeared without any re-
currence (Figure 1). By 5 days after the initiation of the drugs,
both the serum sodium level and the peripheral white blood
cell counts returned to normal, which was maintained there-
after despite the discontinuation of the drugs, indicating the
complete remission of the disease (Figure 1).

Discussion

In the literature, there have been several cases of acute ad-
renal insufficiency after unilateral adrenalectomy for adrenal
adenoma [10-12]. In those cases, the contralateral adrenal
glands became postoperatively unresponsive to any internal
stimuli of ACTH, possibly through their atrophy, the involve-
ment of autoimmune mechanisms, or precipitation of a cer-
tain drug in the glands, causing “primary” adrenal insufficiency.
However, we previously reported a case of “secondary” adre-
nal insufficiency, in which the hypothalamic-pituitary axis of
the patient was functionally suppressed long after the unilat-
eral adrenalectomy [7]. In patients with Cushing’s syndrome,
the prolonged over-secretion of cortisol from adrenal tumors is
known to cause a functional disorder in the hypothalamic-pitu-
itary axis [1]. Therefore, those who undergo unilateral adrenal-
ectomy or surgical resection of the tumors require continuous
glucocorticoid replacement therapy followed by its gradual
withdrawal, until the hypothalamic-pituitary axis functionally
recovers [8]. In the present case, however, the patient had not
undergone adequate glucocorticoid replacement therapy post-
operatively, which possibly caused a decrease in the secretory
capacity of cortisol. Therefore, despite the increased demand
for cortisol during the adrenal crisis in the present episode,
the serum levels of both cortisol and ACTH remained relative-
ly low, causing “secondary” adrenal insufficiency.

In secondary adrenal insufficiency where the pituitary secre-
tion of ACTH is deficient, the clinical symptoms are primarily
caused by the decreased secretion of glucocorticoids from ad-
renal glands, including general fatigue, anorexia, and weight
loss [2]. However, electrolyte disturbances, such as hypona-
tremia, are less common in secondary adrenal insufficiency,
since the secretion of mineralocorticoids (aldosterone), which
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mostly depends on the renin-angiotensin system rather than
on ACTH, is usually preserved [2]. In our case, although the pa-
tient did not show any apparent signs of volume depletion or
overload, she presented hyponatremia refractory to the initial
fluid replacement therapy with saline. Because the administra-
tion of dexamethasone, despite its lack of mineralocorticoid
activity, quickly restored her serum sodium level (Figure 1),
the glucocorticoid deficiency alone was thought to have in-
duced the hyponatremia. In cases of hyponatremia, differen-
tiating sodium depletion from the other causes of hyponatre-
mia, such as polydipsia and SIADH, is important, because the
treatment strategies vary depending on the mechanisms of
hyponatremia [9]. In this case, we did not examine the serum
level of antidiuretic hormone (ADH), nor did we initially eval-
uate the values of urinary sodium concentration or osmolali-
ty. However, the cortisol deficiency, which inversely stimulates
the pituitary release of ADH [13], may have caused the wa-
ter retention and thus decreased the serum sodium concen-
tration of the patient. In this context, dexamethasone, which
suppresses the ADH release [13], was thought to be effective
for her refractory hyponatremia by halting the further reten-
tion of excessive water [14]. Additionally, according to previ-
ous basic studies, dexamethasone stimulates the expression
of sodium transporters [15], such as bumetanide-sensitive co-
transporter 1 (BSC1/NKCC2) [16,17], in the thick ascending
limb of Henle’s loop, and thus enhances the renal reabsorp-
tion of sodium [15]. Therefore, in this regard, the co-adminis-
tration of sodium chloride with dexamethasone was thought
to have exerted increased therapeutic efficacy in ameliorat-
ing the refractory hyponatremia caused by the secondary ad-
renal insufficiency.

Conclusions

We reported a case of secondary adrenal insufficiency that
developed hyponatremia long after the surgical treatment for
Cushing’s syndrome. This case suggested a mechanism of re-
fractory hyponatremia caused by secondary adrenal insufficien-
cy, for which the administration of dexamethasone and sodium
chloride exerted additional therapeutic efficacy. Ameliorating
hyponatremia is important to reduce the risks of cardiovas-
cular morbidity and mortality [4].
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