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Abstract

Glucocorticoids are widely used for treating underlying renal diseases and following renal transplantation and are often
tapered or discontinued upon reaching end-stage renal failure. Although glucocorticoid withdrawal is the predominant cause
of secondary adrenal insufficiency, no consensus has been established regarding its prevalence, clinical manifestations, or
therapeutic regimen, for prevention of this pathological condition. We describe a 29-year-old woman admitted to our hospital
because of 1-week history of fever, diarrhea, and general fatigue. She was affected with nephrotic syndrome and diagnosed
with focal segmental glomerulonephritis at 15 years old, and had since been treated with glucocorticoids. She suffered from
frequent relapse of nephrotic syndrome, which became refractory to other immunosuppressants and low-density lipopro-
tein apheresis, making discontinuation of glucocorticoids difficult. Renal function deteriorated gradually and hemodialysis
was initiated 8 months before admission. She was infected with type A influenza roughly 2 weeks prior and treated with
oseltamivir. She exhibited hypercalcemia (albumin corrected, 14.4 mg/dl) and hypoglycemia (31.0 mg/dl) for the first time.
She was suspected of, and diagnosed with, adrenal insufficiency, because long-term glucocorticoid use was incidentally
discontinued only 2 days before she contracted influenza. Clinical symptoms and hypercalcemia improved dramatically fol-
lowing initiation of treatment with hydrocortisone. Adrenal insufficiency is an unusual cause of hypercalcemia. However,
hemodialysis patients tend to develop more severe hypercalcemia because of lack of urinary calcium excretion, which should
not be overlooked because it may result in critical situations. In conclusion, clinicians should be aware of adrenal insufficiency
with glucocorticoid withdrawal and hypercalcemia in hemodialysis patients.
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Introduction Hypercalcemia in hemodialysis patients is often caused

by severe secondary hyperparathyroidism, and/or drugs,

Glucocorticoids (GCs) are widely used for treating underly-
ing renal diseases and are frequently tapered or discontin-
ued upon development of end-stage renal disease (ESRD).
Although GC withdrawal is the primary cause of secondary
adrenal insufficiency (AI), assessment of adrenal function,
prevalence and clinical manifestations of Al, and therapeutic
regimens to predict and/or prevent Al remain inconclusive
in such cases [1-3].
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such as vitamin D analogs and calcium-containing phos-
phorous binders.

In contrast, Al is a relatively rare cause of hypercalcemia
[4].

Herein, we report the case of a patient undergoing hemo-
dialysis who experienced Al because of GC withdrawal and
was subsequently infected with type A influenza that pre-
sented with hypercalcemia.

Case report

A 29-year-old woman was admitted to our hospital because
of 1-week history of abdominal pain, appetite loss, general
fatigue, and fever. She was diagnosed with type A influenza
roughly 2 weeks prior and was treated with oseltamivir. She
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was affected with nephrotic syndrome (NS) and diagnosed
with primary focal segmental glomerulonephritis (FSGS)
at 15 years old, and had since been administered GCs. She
suffered from frequent relapse of steroid-dependent NS.
Alternative immunosuppressive agents were administered
(e.g., cyclosporine, cyclophosphamide), although they were
considered unacceptable because of adverse effects (onset
of menopause, and acute kidney injury, respectively). She
failed to effectively respond to mizoribine and low-density
lipoprotein apheresis. She therefore required repeatedly
increasing doses of GCs, which contributed to the difficulty
of discontinuation.

She underwent surgery for bilateral cataracts 3 years
earlier.

Her renal function deteriorated gradually, and hemodi-
alysis was initiated 8 months before admission. The dose
of prednisolone was slowly tapered (1.0-2.0 mg/day every
1-2 months until reaching 2.0 mg/day) and was completely
withdrawn 2 days before she was diagnosed with influenza.

Her oral medications included omega-3-acid ethyl esters
(4 g), rebamipide (100 mg x 3), fluvastatin sodium (20 mg),
esomeprazole magnesium hydrate (20 mg) and furosemide
(40 mg). Warfarin (1 mg) was administered for radial artery
occlusion.

Table 1 Laboratory data

On admission, her blood pressure was 121/86 mmHg,
pulse was 113 beats/min, and temperature was 37.9 °C. She
weighed 47.9 kg (0.3 kg below her dry weight). She was
pale but not icteric. Physical examinations of the chest and
abdomen were unremarkable. She exhibited moon face. No
lymphadenopathy or skin lesions were observed. She had
edema of the eyelids and lower legs.

Laboratory data are shown in Table 1. Hemoglobin con-
centration was 10.2 g/dl, platelet count was 367,000/mm>,
and leukocyte count was 9,850/mm?. Percentage of eosino-
phils was 5.0%. Laboratory analysis also revealed the fol-
lowing: serum urea nitrogen: 7.3 mg/dl, creatinine: 6.38 mg/
dl, uric acid: 4.5 mg/dl, sodium: 135 mEq/l, potassium:
3.1 mEq/l, chloride: 102 mEq/1, calcium (Ca): 12.0 mg/dl
(adjusted Ca: 14.4 mg/dl), inorganic phosphate: 5.6 mg/dl,
total protein: 3.8 g/dl, and albumin: 1.6 g/dl. No monoclonal
band was detected in plasma. C-reactive protein level was
2.08 mg/dl.

Further laboratory measurements were as follows: thy-
roid-stimulating hormone (TSH): 4.47 uIU/ml, free trii-
odothyronine: 2.40 pg/ml, and free thyroxine: 0.99 ng/dl.
Intact parathyroid hormone was 13.0 pg/ml (normal range:
10.0-65.0 pg/ml), and parathyroid hormone-related pep-
tide was 1.1 pmol/l (normal range: < 1.1 pmol/1). Blood gas

Complete blood count UA 4.5 mg/dl int-PTH 13 (10-65) pg/ml
WBC 9850 /mm3 Na 135 mEq/1 PTH-rp 1.1 (<1.1) pmol/l
Neutro 68.0 % K 3.1 mEq/1 cortisol 1.8 (4.49-21.2) pg/dl
Lym 18.1 % Cl 102 mEq/1 ACTH 10.6 (7.2-63.3) pg/dl
Mono 8.6 % adjusted Ca 14.4 mg/dl GH 5.02 (0.13-9.88) ng/ml
Eosino 5.0 % 1P 5.6 mg/dl PRL" 36.2 (6.1-30.5) ng/ml
Baso 0.3 % TP 3.8 g/dl LH" 17.0 mlU/ml
Platelet 36.7x10*  /mm’ alb 1.6 g/dl FSH" 3.7 mIU/ml
Hb 10.2 g/dl alb 48.7 % ACE 16.9 (7-25) un

Biochemistry ol 5.6 % osteocalcin 213.1  (7.8-30.8) ng/ml
AST 23 1un o2 153 % calcitonin 2.62 (0-3.91) pg/ml
ALT 12 1un B 10.6 % TRACP-5b 1214 (120-420) mU/dl
ALP 220 1un Y 19.8 % PT-INR 2.28
LDH 188 1un CRP 2.08 mg/dl Blood gas analysis
y-GTP 20 1un BS 87 mg/dl pH 7.464
CK 29 1un TSH 447 (0.35-4.94) ulU/ml HCO;, 25.5 mmol/l
BUN 7.3 mg/dl FT3 240 (1.71-3.71) pg/ml BE 2.3 mmol/l
Cr 6.38 mg/dl FT4 099 (0.7-1.48) ng/dl

WBC white blood cells, Neutro neutrophils, Lym lymphocytes, Mono monocytes, Eosino eosinophils, Baso basophils, Hb hemoglobin, AST
aspartate aminotransferase, ALT alanine aminotransferase, ALP alkaline phosphatase, LDH lactate dehydrogenase, y-GTP y-glutamyl transpepti-
dase, CK creatine kinase, BUN blood urea nitrogen, Cr creatinine, UA uric acid, Na sodium, K potassium, C/ chloride, Ca calcium, /P inorganic
phosphate, TP total protein, alb albumin, CRP C-reactive protein, BS blood sugar, 7SH thyroid-stimulating hormone, F73 free triiodothyronine,
FT4 free thyroxine, int-PTH intact parathyroid hormone, PTH-rp parathyroid hormone-related peptide, ACTH adrenocorticotropic hormone, GH
growth hormone, PRL prolactin, LH luteinizing hormone, FSH follicle-stimulating hormone, TRACP-5b tartrate-resistant acid phosphatase-5b,
PT-INR prothrombin time-international normalized ratio, ACE angiotensin converting enzyme, BE base excess

“Value at the time of ACTH stimulation test
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analysis showed pH was 7.464, HCO; was 25.5 mmol/l, and
base excess was 2.3.

Osteocalcin was 213.1 ng/ml (normal range: 7.8-30.8 ng/
ml), tartrate-resistant acid phosphatase-5b (TRACP-5b) was
1,214 mU/dl (normal range: 120—420 mU/dl). Prothrombin
time-international normalized ratio (PT-INR) was 2.28.

Blood culture was negative. A chest X-ray revealed slight
right pleural effusion.

She was not prescribed vitamin D analogs or calcium-
containing phosphorus binders, which can cause hypercalce-
mia. Dialysate Ca concentration was 3.0 mEq/L. Her serum
Ca level was never previously elevated.

Her clinical course during hospitalization is shown in
Fig. 1. Elcatonin administration and frequent hemodialy-
sis had no effect on hypercalcemia. She became more ema-
ciated and experienced a single episode of hypoglycemia
(blood glucose: 31.0 mg/dl) early during the morning of
day 3 of hospitalization (she felt lethargic). The clinical pic-
ture was interpreted as Al because of recent GC withdrawal
following prolonged use just before contracting influenza.
Indeed, plasma cortisol level had decreased (1.3 pg/dl) with

Elcitonin 40 80 40U
o AAd L Al

Hydrocortisone 301510

L N
diarrhea e
appetite loss [ NGTGTcTNINGEGEGR

Adjusted Ca (mg/dl)
Cortisol (ug/d)

20

fever

15

10

Fig.1 Elcatonin administration and frequent hemodialysis had no
effect on hypercalcemia. After administration of hydrocortisone
(30 mg), clinical symptoms and hypercalcemia were rapidly and dra-
matically improved. Hydrocortisone was gradually tapered to alter-
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normal adrenocorticotropic hormone (ACTH) level (10.6 pg/
dl). Growth hormone (GH) level was normal (5.02 ng/ml)
(Table 1).

Abdominal computed tomography (CT) revealed bilateral
adrenal gland atrophy, without bleeding or calcification. CT
did not reveal a pancreatic tumor, and brain magnetic reso-
nance imaging did not show a pituitary tumor.

She was diagnosed with Al, and began therapy with
hydrocortisone at dose of 30.0 mg. Her adjusted Ca level
normalized and clinical symptoms improved rapidly and
drastically within a few days (Fig. 1). She was discharged
on day 21 of hospitalization.

Hydrocortisone was gradually tapered to alternate-day
dose of 5.0 mg and discontinued 13 months after onset of
Al following assessment of adrenal function with a con-
tinuous ACTH stimulation test (intramuscular administra-
tion of 0.5 mg of tetracosactide acetate for 3 consecutive
days). ACTH stimulation test was performed shortly after
withdrawal of hydrocortisone, with close monitoring and
supervision by experienced personnel. The test revealed par-
tial recovery of Al (Table 2).

ACTH
imulation test
Yy

1.5 5mg

ACTH (pg/ml)

80
60
40
20

0
66 129 192 220 283 346 402 (day)

nate-day dose of 5.0 mg, and discontinued after continuous ACTH
stimulation test, which was performed 13 months after onset of Al
and revealed partial recovery thereof. HD hemodialysis, ACTH adren-
ocorticotropic hormone, Ca, calcium
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Table 2 Continuous ACTH stimulation test

1 day 3 days

ACTH (pg/ml)

06:00 101.3* 33

16:00 7.7 2.6

23:00 6.1 2.5
Cortisol (ug/dl)

06:00 11.8 36.6

16:00 24.6 46.0

23:00 29.6 48.5

ACTH adrenocorticotropic hormone
“Value before ACTH loading

The levels of other anterior pituitary hormones, such as
prolactin (PRL), luteinizing hormone (LH), and follicle-
stimulating hormone (FSH), were all within normal ranges
at the time of ACTH stimulation test, without any replace-
ment therapy (Table 1).

After recovery of AI, TRACP-5b level decreased
to 429 mU/dl, while that of osteocalcin remained high
(255.4 ng/ml).

Discussion

In the present case, latent Al because of GC withdrawal
became obvious through subsequent influenza infection.

Severe and refractory hypercalcemia was caused by Al

The clinical pictures of discontinuation of long-term used
GCs and hypoglycemia were suggestive of Al.

She suffered from refractory NS, which can potentially
cause decreased levels of cortisol-binding protein in plasma
resulting from increased urinary excretion [5].

However, unlike vitamin D-binding protein, it is obscure
that reduced cortisol-binding protein exerts clinical effects
in patients with NS [5]. Moreover, urinary loss of protein
may be negligible in the present case because urinary output
was low with 8 months of hemodialysis vintage. Therefore,
it was unlikely that NS directly affected Al

Influenza infection can induce hypoglycemia, especially
in critically ill patients complicated with encephalitis includ-
ing Reye syndrome [6], bacterial coinfections with sepsis,
or multiple organ failure [7]. Because the patient’s condition
was less severe and devoid of such complications, hypo-
glycemia was unlikely because of influenza infection in the
present case.

Only a single episode of hypoglycemia was observed
during early morning, and therefore we could not measure
plasma insulin or GH levels when hypoglycemia occurred.
Nonetheless, given the lack of both recurrence and a
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pancreatic tumor, it appeared unlikely that hypoglycemia
was because of insulinoma.

GH deficiency was also unlikely because GH level was
normal in a prior assessment.

On the basis of the above factors, the patient was diag-
nosed with Al because of GC withdrawal with hypoglycemia
as an associated clinical manifestation.

Al is a critical and sometimes life-threating disease with
clinical manifestation of relatively low production of GCs,
with or without deficiency of mineralocorticoids and adre-
nal androgens. According to the underlying mechanism, Al
is classified as primary or secondary. Primary Al results
from destruction of adrenal glands because of autoimmune
adrenalitis (Addison’s disease), tuberculosis, hemorrhage,
or primary or metastatic cancer. Secondary Al results from
interference of synthesis of adrenal cortisol when regions
along the hypothalamic—pituitary—adrenal (HPA) axis are
affected. GC withdrawal is the leading cause of secondary
Al

FSGS is the glomerular disease that most commonly
leads to ESRD. It is strongly associated with refractory NS,
and requires prolonged and aggressive treatment, including
GCs or other immunosuppressants [8].

Chronic use of GCs impairs the HPA axis [9]. Although
suppression of the HPA axis may cause atrophy of the adre-
nal glands, they may maintain the capacity to secrete ade-
quate amounts of steroids for physiological requirements [1].
Al may be precipitated by stressors, such as severe infection
or surgery, which increase the demand for GCs.

In the present case, long-term administration of GCs was
incidentally discontinued only 2 days before influenza was
contracted. It is conceivable that latent HPA suppression
caused by prolonged use of GCs became obvious through
influenza infection.

Despite the suppressed cortisol level, ACTH was unel-
evated and remained relatively low.

These observations may be compatible with a previous
report that indicated that exogeneous GCs suppress secretion
of ACTH as well as cortisol [10].

ACTH was elevated gradually, and eventually exceeded
normal level at the time of ACTH stimulation test (Table 2).
The levels of anterior pituitary hormones other than ACTH
(TSH, GH, PRL, LH, FSH) were normal.

Taken together, absolute and relative suppressions of cor-
tisol and ACTH, respectively, were believed to be because
of GC withdrawal rather than hypopituitarism.

Malignancy and primary hyperparathyroidism account
for most cases (90%) of hypercalcemia. Other causes include
sarcoidosis, immobilization, and drugs (vitamin D analogs,
calcium preparations) [11]. Notably, hypercalcemia in hemo-
dialysis patients is often caused by severe secondary hyper-
parathyroidism and/or drugs, such as vitamin D analogs and
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calcium-containing phosphorous binders. Al is an unusual
cause of hypercalcemia [12, 13].

In the present case, on the basis of the high effectiveness
of hydrocortisone and absence of other factors, Al was con-
sidered the cause of hypercalcemia.

The mechanisms underlying hypercalcemia in Al are
incompletely understood. However, causative mechanisms
include increased intestinal and bone absorption, and
decreased renal excretion of Ca [14, 15].

There is little evidence that increased intestinal Ca
absorption is the mechanism underlying Al, while dietary
Ca content did not affect serum Ca levels in either clinical
[14] or animal [16] studies. This was also unlikely in the
present case because the patient experienced loss of appetite.

Increased Ca efflux into circulation from bone with
accelerated reabsorption may have been a causative factor
of hypercalcemia because serum TRACP-5b was elevated.
Elevation of osteocalcin was sustained even after recovery
of Al, and therefore could have been related to accumula-
tion in serum because of decreased renal clearance rather
than reflecting a change in bone metabolic status because
of AI[17].

It was reported that, compared with patients with pre-
served diuresis, anuric hemodialysis patients tend to develop
more severe hypercalcemia because of Al [18]. In the pre-
sent case, the primary underlying mechanism of hypercal-
cemia may have been decreased renal excretion concomitant
with renal insufficiency.

It was also reported that concurrent hyperthyroidism
may exacerbate hypercalcemia because of Al, because GCs
inhibit thyroxine-induced Ca mobilization from bone. In
addition, hypercalcemia was prominent, especially in the
presence of decreased serum pH [19]. Except for hypothy-
roidism, both obvious thyrotoxicosis and euthyroid status
can be sufficient to induce hypercalcemia because of Al [20,
21]. It is uncertain whether preserved thyroid function con-
tributed to emphasize hypercalcemia in this patient. Even
if this occurred, it is unlikely that low pH is involved in its
mechanism, because frequent hemodialysis had no effect on
hypercalcemia.

GCs are widely used for treating diseases underlying renal
failure, including primary or secondary glomerulonephritis,
collagen diseases (e.g., vasculitis, systemic lupus erythema-
tosus, rheumatoid arthritis), or following renal transplanta-
tion. GCs are frequently tapered and/or discontinued upon
development of end-stage renal failure or in cases considered
to be non-responders (no longer expected to demonstrate
improvement in clinical outcomes) to minimize and avoid
adverse effects from their continued use [22]. Even if asymp-
tomatic or unrecognized, patients treated with GCs can be
affected with biochemical Al and may be at risk of mani-
fested Al or adrenal crisis requiring prompt diagnosis and
treatment, particularly when stressors including infection

are present. Meanwhile, no consensus has been established
regarding prevalence, clinical manifestations, or therapeutic
regimens, for prevention of Al

It was recently reported that basal cortisol levels
of > 8.1 pg/dl and < 4.3 pg/dl are cutoff values for preserved
adrenal function and biochemical Al respectively. Moreo-
ver, alternate-day dosing of GCs or change to hydrocortisone
prior to complete discontinuation of GCs may be effective
for preventing adrenal crisis in cases with biochemical Al
[23]. Further studies and case analyses are required to fully
elucidate how Al can be prevented in the context of discon-
tinuation of GCs.

Although Al is a relatively rare cause of hypercalcemia
[4], hemodialysis patients tend to experience hypercalcemia
more frequently because of decreased renal Ca excretion
and use of drugs, such as vitamin D analogs and calcium-
containing phosphate binders. Therefore, Al should be
considered the differential diagnosis of hypercalcemia in
dialysis patients withwithdrawal of GCs, especially when
stressors such as surgery or severe infection are present,
which increase the demand for GCs.

In conclusion, clinicians should be aware of Al in patients
experiencing steroid withdrawal upon development of
ESRD, especially in the presence of stressors such as infec-
tion with influenza. Additionally, AI should be considered a
critical disease for the differential diagnosis of hypercalce-
mia in hemodialysis patients.
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