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Female, 50-year-old
Severe symptomatic hypercalcemia secondary to dehydration
Headache ¢ nausea e dizziness ¢ profound weakness

Endocrinology and Metabolic ¢ General and Internal Medicine

Unknown etiology

Severe hypercalcemia is a life-threatening medical emergency. Its possible etiologies are hyperparathyroidism,
malignancy, chronic granulomatous diseases, vitamin D intoxication, medication (lithium, thiazine, excessive
vitamin A), hyperthyroidism, acromegaly, adrenal insufficiency, pheochromocytoma, milk-alkali syndrome, and
immobilization. Dehydration is considered a consequence of hypercalcemia but not the etiology.

We present a case of a 50-year-old woman who presented with headache, nausea, dizziness, and profound
weakness, with a serum calcium level of 17.3 mg/dL due to severe dehydration. The other causes of hypercal-
cemia were diligently excluded with extensive laboratory testing. The patient’s calcium level improved with ag-
gressive intravenous hydration. In the subsequent follow-up visits, the calcium level remained within the ref-
erence range.

The pathophysiology of severe hypercalcemia caused by dehydration is not clear. However, a feedforward mech-
anism has been proposed to occur, which worsens both dehydration and hypercalcemia. Dehydration as an
initial insult leads to mild or transient hypercalcemia due to decreased fluid volume that affects calcium ex-
cretion via the kidneys. Subsequently, hypercalcemia interferes with the kidney’s ability to concentrate urine,
leading to further dehydration. This sets up a vicious loop that worsens both dehydration and hypercalcemia,
leading to profound dehydration and severe hypercalcemia.

Dehydration is considered a consequence of hypercalcemia but has not been identified as the etiology of se-
vere hypercalcemia. Hyperparathyroidism and malignancy are the most common causes of severe symptomat-
ic hypercalcemia, and dehydration is the diagnosis of exclusion. However, it is imperative to keep dehydration
in the differential diagnosis for a patient presenting with severe symptomatic hypercalcemia, as highlighted
by our case.

Dehydration ¢ Hypercalcemia ¢ Kidney Concentrating Ability
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Background

Hypercalcemia is a metabolic condition of increased calcium
level in the blood above the normal limits and can lead to sig-
nificant clinical consequences [1]. The reference range of se-
rum calcium level is 8.5 to 10.5 mg/dL, and hypercalcemia is
defined as a serum calcium concentration that is 2 standard
deviations above the mean [2]. Calcium plays an integral role in
muscle contraction, nerve transmission, cell differentiation, en-
zyme activation, programmed cell death, and intracellular sig-
naling in the human body [3]. The clinical manifestations de-
pend on the degree of hypercalcemia, which ranges from being
asymptomatic to having nonspecific symptoms including fa-
tigue, depression, constipation to severe marked symptoms of
polyuria, polydipsia, nausea, muscle weakness, and altered sen-
sorium [1,2]. Hypercalcemia etiologies include primary hyper-
parathyroidism, malignancy, chronic granulomatous diseases,
vitamin D intoxication, medication (lithium, thiazine, excessive
vitamin A), hyperthyroidism, acromegaly, adrenal insufficiency,
milk-alkali syndrome, and immobilization [4,5]. It is rare that
dehydration is the primary cause of severe hypercalcemia [6,7].
We present a case of a 50-year-old woman who presented with
headache, nausea, dizziness, and profound weakness, with a
serum calcium level of 17.3 mg/dL due to severe dehydration.

Case Report

A 50-year-old woman with a past medical history of chron-
ic obstructive pulmonary disease, hypertension, hyperlipid-
emia, bipolar disorder, autoimmune hepatitis with cirrho-
sis, gastroesophageal reflux disease, hypothyroidism, and
type 2 diabetes mellitus presented to the hospital with head-
ache, dizziness, nausea, and weakness of 3 days. She report-
ed that her home had been overheated because the air con-
ditioner stopped working 1 week ago. She had been standing
close to the freezer door and eating pieces of ice to decrease
the heat. However, she reported feeling heated and sweat-
ing profusely throughout the day. Her home medications in-
cluded albuterol inhaler, clonidine 0.2 mg twice a day, atorv-
astatin 40 mg nightly, quetiapine 300 mg nightly, fluoxetine
20 mg daily, benztropine 1 mg twice a day, prednisone 5 mg
daily, pantoprazole 40 mg daily, furosemide 20 mg daily, levo-
thyroxine 50 mcg daily, metformin 1000 mg twice a day, in-
sulin degludec 16 units every morning, and exenatide 2 mg
weekly. She had a history of not adhering to her prescription
medication regimen and diabetic diet in the past. She report-
ed no recent changes in her prescription medications and de-
nied taking over-the-counter medications, including antacids,
calcium, and vitamin A supplements.

In the Emergency Department, her initial vital signs were a
blood pressure of 150/90 mmHg, temperature of 37.4°C, heart

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€936204-2

KCO. et al:
Dehydration and severe symptomatic hypercalcemia
© Am J Case Rep, 2022; 23: €936204

rate of 105 beats per min, respiratory rate of 18 breaths per
min, and oxygen saturation of 99% on room air. The patient
was lethargic and had dry mucus membranes on physical ex-
amination. The rest of the physical examination was unremark-
able. The laboratory test results showed hyperglycemia, with
365 mg/dL blood glucose, and severe hypercalcemia, with a
calcium level of 17.3 gm/dL and ionized calcium of 1.95 mM/L.
She had hyperglycemia with a normal bicarbonate and anion
gap, which suggested hyperglycemia without diabetic keto-
acidosis, and hence blood gas was not done at the time of
admission. The rest of the laboratory test results were unre-
markable, as summarized in Table 1. The electrocardiogram
revealed a normal sinus rhythm without ST-segment chang-
es. She was administered a 2-liter fluid bolus of normal sa-
line, and was then started on the continuous infusion of nor-
mal saline at 150 mL/h and admitted to the medical floor for
further management.

The patient’s calcium level gradually improved with intrave-
nous (i.v.) hydration and normalized by the third day of hos-
pitalization (Figure 1). The hypercalcemia improved with i.v.
hydration, and bisphosphonate therapy was not needed. An
extensive laboratory workup, including parathyroid hormone
(PTH), parathyroid hormone-related peptide, 25-hydroxy vi-
tamin D, 1,25-dihydroxy vitamin D, thyroid-stimulation hor-
mone, cortisol, serum protein electrophoresis, and serum-free
light chain, was done to determine the probable causes of hy-
percalcemia. The results of these laboratory tests were unre-
markable (Table 2). The i.v. hydration was stopped after her
calcium level normalized on the third hospitalization day. The
patient’s symptoms had resolved, and she was discharged
home on the fourth day of hospitalization, with calcium lev-
els in the reference range.

One week after discharge, she had a follow-up visit with her
primary care physician. Additional workup was done, includ-
ing mammography of bilateral breast, nuclear bone imaging
of the whole body, and computed tomography scan of chest
abdomen and pelvis, which were unremarkable. The calcium
level was within the reference range 1 week after the patient’s
discharge from the hospital (Table 1).

Discussion

Calcium hemostasis is tightly regulated in the human body
by hormones including PTH, 1,25-dihydroxy vitamin D3 (cal-
citriol), and calcitonin, with their effect on the bones, gastro-
intestinal tract, and kidneys [8]. The skeletal system contains
99% of total body calcium, and the remaining 1% is in the ex-
tracellular fluid and soft tissues [8]. One-half of the circulat-
ing calcium is bound to albumin, globulin, and other inorgan-
ic molecules, and the other half is free ionized calcium, which
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Table 1. The laboratory test results at 2 weeks before presentation, on the day of presentation, and 1 week after discharge.

Laboratory workup Laboratory workup

Laboratory workup

Variables Reference range 2 weeks before on the day of 1 week after the
presentation presentation discharge
White blood cells 4.0-10.0x10%/pL 5.9x10%/uL 8.6x103/uL 6.4x103/uL
Hemoglobn 120155gmdL DogmdL D7gmd DogmdL
CPlatelets 150-450610%L  166x10%L  23510%L  23910YuL
Csodum 135146 mEQL B3mEgL BsmEgL BamEgl
CPotassum 3553mEql  47mEgl  3SmEqL aomeg
CChloide  o9gllomeqt Homegt o1mEgt 02 mEgt
CBicarbonate 230mwA  smMA BmmL 2mmL
Blood ureanitrogen 7025mgdl Hmgd omgdl Vmgd
Creatinine 055-102mgd  08Smgdl  097mgdl  094mgdl
Glomerular firation rate  mUmin/L73sqm 60 60 60
CGlucose  eseomgdl Zomgd smgdl - a0mgdl
HemoglobinAlc ®o% Notchecked  107% Not checked
Ccaldum g5104mg/d  slmgd 73mgdl  o6mgdl
Clonizedcalium  L19-L29mMA Notchecked 195mML Not checked
CAbumin 3549gmd algmidl  36gmwd  sigmidl
Totalprotein 4 6083gmd.  S9gmd  s3gmdl  74gmdl
 Aspartate transaminase 203500 2oL ool suL
 Aanine transaminase 204000 oot soe o
 Alkaline phosphatase 01500 ssue orun oL
TotalBilrubin 0215mgd.  o4mgdl  o07mgdl  oemgd

bone resorption, increased gastrointestinal absorption, and de-

?g creased renal excretion, and 1,25-dihydroxy vitamin D3 has no
167 direct effect on the bones and kidneys but increases calcium
%14: absorption from the gastrointestinal tract [8]. Calcitonin inhib-
é}é its calcium resorption from the bones and promotes calcium
E g excretion from the kidneys [8]. These hormones increase or
S decrease calcium levels depending on total body stores, which
o are primarily measured via calcium-sensing receptors in the

2] parathyroid gland and renal tubules [8].

Day 1 Day 2 Day3 Day 4

Hypercalcemia is a common clinical problem that can present
various clinical manifestations depending on the degree of hy-
percalcemia (Table 3) [11]. There are many causes of hyper-
calcemia, including primary hyperparathyroidism, malignan-

Days of the hospitalization

Figure 1. The calcium level trend during hospitalization.

has physiological effects on the body [9]. The normal serum
calcium level ranges from 8.5 to 10.5 mg/dL and ionized cal-
cium from 1.15 to 1.27 mg/dL, although the exact range can
vary among laboratories [10]. PTH increases serum calcium by
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¢y, chronic granulomatous diseases, vitamin D intoxication,
medication (lithium, thiazine, excessive vitamin A), hyperthy-
roidism, acromegaly, adrenal insufficiency, pheochromocyto-
ma, milk-alkali syndrome, and immobilization [4,5]. Primary
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Table 2. The laboratory workup to determine common causes of hypercalcemia.

Variables

Parathyroid hormone

Observed values

Reference range

12-88 pg/mL

Serum paraprotein 3

<0.01 g/dL

SPE — serum protein electrophoresis.

Table 3. The degree of hypercalcemia with clinical manifestations.

Degree of hypercalcemia Corrected Calcium levels* Symptoms/signs

Mild 10.5-11.9 mg/dL Usually asymptomatic, constipation, fatigue, depression

Anorexia, nausea, polyuria, polydipsia, dehydration, shortened QT
interval, muscle weakness, cognitive dysfunction

Lethargy, confusion, stupor, coma, pancreatitis, renal insufficiency,

Severe >14 mg/dL

muscle weakness, arrhythmia, ventricular tachycardia

* Corrected calcium(mg/dL)=measured total calcium(mg/dL)+0.8 (4.0-serum albumin (g/dL).

hyperparathyroidism and malignancy are the most common
causes, accounting for more than 90% of cases [4,5]. To the
best of our knowledge, dehydration has been reported as a
primary cause of severe hypercalcemia in only a handful of
case reports in the literature [6,7].

Dehydration is a known consequence of moderate to severe
hypercalcemia [11]. Hypercalcemia causes natriuresis and di-
abetes insipidus, which lead to dehydration [12]. Natriuresis
and diabetes insipidus are proposed to occur with hypercal-
cemia by various mechanisms, such as calcium deposition in
the medulla causing tubulointerstitial injury and activation of
the calcium-sensing receptor, which directly impairs renal con-
centrating ability by affecting the loops of Henle and collect-
ing tubules [13,14]. Severe dehydration is known to cause mild
or transient hypercalcemia due to a decrease in fluid volume
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that affects calcium excretion via the kidneys [15]. However,
severe hypercalcemia due to dehydration as the primary cause
is rare [6,7]. The pathophysiology of severe hypercalcemia
caused by dehydration is not clear. A feedforward mechanism
has been proposed to occur, which worsens both dehydration
and hypercalcemia. Dehydration as an initial insult leads to hy-
percalcemia, which interferes with the kidney’s ability to con-
centrate urine, leading to further dehydration and setting up
a vicious loop that worsens dehydration and hypercalcemia,
leading to profound dehydration and severe hypercalcemia [7].

In our case, the patient had severe dehydration due to excessive
sweating from an overheated room and had poor oral intake.
The patient also had poorly controlled diabetes mellitus with
hyperglycemia, which might have worsened dehydration due
to osmotic diuresis. The other causes of hypercalcemia were
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diligently excluded with extensive laboratory tests (Table 2).
The PTH level was markedly reduced, which suggested non-
PTH-mediated hypercalcemia and ruled out hyperparathyroid-
ism. The low PTH level was due to feedback suppression from
hypercalcemia. The patient’s 25-hydroxy vitamin D and vita-
min 1,25-dihydroxy vitamin D3 levels were low, which ruled
out vitamin D intoxication and granulomatous diseases as the
causes of hypercalcemia. The low vitamin D level suggested
vitamin D deficiency, which usually causes hypocalcemia. The
use of atorvastatin has been reported to cause asymptomat-
ic hypercalcemia [16]. However, in our patient, atorvastatin
was continued during and after hospitalization. The calcium
level remained within the reference range after discharge, al-
though the patient continued to take atorvastatin, which ruled
out atorvastatin as the cause of hypercalcemia. The patient’s
calcium level improved with the i.v. hydration and correction
of dehydration. In a subsequent follow-up visit with the pa-
tient’s primary care physician, her calcium level remained with-
in the reference range.
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Conclusions

Severe hypercalcemia is a life-threatening medical emergency
as it can lead to life-threatening cardiac arrhythmias or neu-
rological complications such as stupor or coma. Dehydration
is considered a consequence of hypercalcemia but has not
been identified as the etiology of severe hypercalcemia.
Hyperparathyroidism and malignancy are the most common
causes of severe symptomatic hypercalcemia, which must
be ruled out with thorough investigations, because dehydra-
tion is the diagnosis of exclusion. However, it is imperative
to keep dehydration in the differential diagnosis in a patient
presenting with severe symptomatic hypercalcemia, as high-
lighted by our case.
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