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  Calcium is the most abundant extracellular cation in the body, and it is responsible for structural and enzymat-
ic functions. Calcium homeostasis is regulated by 3 factors: calcitonin, vitamin D, and parathyroid hormone 
(PTH). Hypercalcemia is defined by a serum calcium concentration >10.5 mg/dL, and it is classified into mild, 
moderate, and severe, depending on calcium values. Most cases are caused by primary hyperparathyroidism 
and malignancies. Various mechanisms are involved in the pathophysiology of hypercalcemia, such as exces-
sive PTH production, production of parathyroid hormone-related protein (PTHrp), bone metastasis, extrarenal 
activation of vitamin D, and ectopic PTH secretion. The initial approach is similar in most cases, but a definitive 
treatment depends on etiology, that is why etiological investigation is mandatory in all cases. The majority of 
patients are asymptomatic and diagnosed during routine exams; only a small percentage of patients present 
with severe manifestations which can affect neurological, muscular, gastrointestinal, renal, and cardiovascular 
systems. Clinical manifestations are related to calcium levels, with higher values leading to more pronounced 
symptoms. Critically ill patients should receive treatment as soon as diagnosis is made. Initial treatment in-
volves vigorous intravenous hydration and drugs to reduce bone resorption such as bisphosphonates and, more 
recently, denosumab, in refractory cases; also, corticosteroids and calcitonin can be used in specific cases. This 
review aims to provide a clinical update on current concepts of the pathophysiology of calcium homeostasis, 
epidemiology, screening, clinical presentation, diagnosis, and management of hypercalcemia.
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Background

Calcium is the most abundant extracellular cation in the hu-
man body; 99% is found as a component of bones and teeth, 
maintaining their structure [1]. Only 1% of total calcium is cir-
culating in the blood, 40% of which is bound to proteins, 10% 
is bound to organic anions, and 50% is ionized, which is the ac-
tive form. Normal serum ionized calcium concentration are 1.1-
1.4 mmol/L (4.5-5.6 mg/dL) [1]. Intracellular calcium gradient 
is maintained by Ca2+/H+ ATPases and Na+/Ca2+ exchangers [2].

In addition to maintaining bone structure, calcium acts as a 
second messenger; it disseminates messages to the intracel-
lular system in response to stimuli from surface cell recep-
tors [3]. A significant characteristic of calcium is that due to 
its high availability in cells, it can be quickly mobilized through 
calcium channels, generating a fast response [3]. Calcium acts 
as a cofactor for enzymes such as adenosine triphosphatase, 
collagenases, neutral protease, transglutaminase, and oth-
ers. It also participates in the coagulation cascade, activating 
platelets and coagulation factors including Factor XIII [4], reg-
ulates muscle contraction, binding to troponin C on actin fila-
ments, or calmodulin, which modulates myosin filaments [5], 
and stabilizes cell membranes by decreasing permeability to 
ions and altering membrane potential [6-8].

In situations in which serum calcium concentration increases 
above the normal range (calcium concentration higher than 
10.5 mg/dL), we observe a condition known as hypercalcemia. 
This condition has several causes, and we should always inves-
tigate its etiology. Despite having different etiologies, the clini-
cal presentation of hypercalcemia is similar in several diseases.

This review aims to provide a clinical update on current con-
cepts of the pathophysiology of calcium homeostasis, epide-
miology, screening, clinical presentation, diagnosis, and man-
agement of hypercalcemia.

Calcium Homeostasis

Corporal calcium homeostasis is regulated by 3 factors: cal-
citonin, vitamin D, and parathyroid hormone (PTH), which is 
the most important regulator [9,10]. PTH is produced by the 
parathyroid glands, located in close proximity to the thyroid 
gland lobes [9,10]. Calcium level is the main determinant for 
PTH production and release, which exerts negative feedback 
on the parathyroids [11]. Decreased serum calcium concen-
tration stimulates PTH release, which acts mainly in bones 
and renal tubules; it may also interfere in intestinal calcium 
absorption [11]. In the bones, PTH increases the activity and 
number of osteoclasts, thus increasing bone reabsorption of 
calcium and phosphorus. In the kidneys, it stimulates tubular 

calcium reabsorption and phosphorus excretion and increas-
es renal hydroxylation of 25-hydroxyvitamin D (25[OH]D) to 
1,25-dihydroxyvitamin D (1,25[OH]2D) [11]. The consequence 
of this well-regulated mechanism is re-establishment of ade-
quate calcium concentration [12].

Vitamin D, another important calcium regulator, is mostly pro-
duced by the skin; only a small amount comes from diet (vita-
min D2 and D3) [11]. In the skin, vitamin D3 is synthesized after 
exposure to ultraviolet B radiation by enzyme 7-dehydrocho-
lesterol. Vitamin D2 and D3 undergo hydroxylation in the liver 
by 25-hydroxylase, generating 25[OH]D, the main circulating 
form. In the kidneys, 1-a-hydroxylase converts 25[OH]D into 
1,25[OH]2D. This form of vitamin D increases intestinal calci-
um absorption, which may occur passively via the paracellu-
lar route or actively [11].

The third mechanism regulating calcium homeostasis is calci-
tonin. Calcitonin is a hormone produced by thyroid parafollic-
ular C cells, which is released into the circulation in response 
to an acute increase in calcium concentration [11]. It decreas-
es bone and tubular calcium reabsorption. However, the role 
of calcitonin in calcium regulation is not yet well established; 
for example, after thyroidectomy, in which C cells are removed, 
there is no calcium disturbance [11]. The regulatory mecha-
nisms of calcium homeostasis are summarized in Figure 1.

Several clinical conditions can disrupt the regulatory mech-
anisms, such as some types of cancer, medications, granulo-
matous diseases, chronic kidney disease, and other conditions 
that will be cited throughout this article, with different patho-
physiologic mechanisms.

Definition, Epidemiology, and Screening for 
Hypercalcemia

Hypercalcemia is defined as calcium concentration higher than 
10.5 mg/dL. It is classified into mild, moderate, and severe, 
depending on calcium values: mild 10.5-12 mg/dL, moderate 
12.1-14 mg/dL, and severe >14 mg/dL [1,2,11].

Routinely, serum calcium concentration is evaluated by mea-
suring total calcium. However, in situations such as thrombo-
cytosis, hyperproteinemia, hypoproteinemia, multiple myelo-
ma, or macroglobulinemia, ionic calcium should be assessed, 
although the test for this is not widely available [13]. When 
total calcium is measured, the value should be corrected by 
serum albumin concentration, as albumin is the main pro-
tein that carries the ion. The correction is made by the fol-
lowing formula: Corrected calcium (mg/dL)=Ca measured 
(mg/dL)+[0.8×(4–albumin (g/dL)] [13]. Despite being widely 
used, it is not clear whether this formula needs adjustments 
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for specific populations, such as critically ill patients [13]. For 
these patients, ionized calcium should be tested, if the test 
is available [13].

The prevalence of hypercalcemia in the emergency department 
is 0.6% and overall prevalence in the general population is 1 
in 1000 individuals [13]. Most cases are caused by primary hy-
perparathyroidism or malignancies, corresponding to 80-90% 
of all cases [13-15]. Although hypercalcemia is not as preva-
lent as other electrolyte disorders, it causes high morbidity. 
Approximately 20% of cancer patients will develop hypercal-
cemia, which is more common in advanced disease [16]. In ad-
dition to its high prevalence, hypercalcemia is also related to 
increased mortality in people with cancer [11,17,18]. Primary 
hyperparathyroidism is more frequent in women than men, with 
a prevalence of 0.86% per year in the general population [19].

Since hypercalcemia diagnosis is based on laboratory findings 
and most patients are asymptomatic, it is important to identify 
people at risk of developing hypercalcemia. Calcium levels should 
be assessed in patients with personal histories of nephrolithi-
asis, early osteopenia or osteoporosis, or use of medications 

associated with hypercalcemia such as calcium, vitamin D and 
A supplements, thiazide diuretics, and lithium carbonate [20]. 
Serum calcium should also be evaluated in patients with bone, 
kidney, or intestine diseases. However, most calcium disturbanc-
es are still diagnosed during routine laboratory exams [19,20].

Etiology

The next step after diagnosing hypercalcemia is to determine 
its cause; correct diagnosis allows effective and often defini-
tive treatment. Table 1 summarizes the causes of hypercalce-
mia [2,14]. The main causes are primary hyperparathyroidism 
and malignancy-associated hypercalcemia [2,14]. To minimize 
health expenses and systematize diagnostic evaluation, we 
should start by investigating these 2 differential diagnoses.

High calcium concentration generally suggests malignancy-
associated hypercalcemia, whereas slightly or moderately in-
creased serum calcium suggests hyperparathyroidism [21]. 
However, additional investigation is always indicated [21]. 
Neoplasia is the most frequent cause of hypercalcemia in 
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Figure 1.  Calcium Homeostasis. Vitamin D is produced by the skin after exposure to ultraviolet B radiation and a small amount comes 
from diet. In the skin, vitamin D2 and D3 undergo hydroxylation in the liver by 25-hydroxylase, generating 25-hydroxyvitamin 
D (25[OH]D). In the kidneys, 1-a-hydroxylase converts 25[OH]D into 1,25-dihydroxyvitamin D (1,25[OH]2D). This form 
of vitamin D increases intestinal calcium absorption. Parathyroid hormone (PTH) is produced by the parathyroid glands. 
Decreased serum calcium concentration stimulates PTH release, which increases calcium bone absorption, renal calcium 
reabsorption, renal hydroxylation of 25[OH]D to 1,25[OH]2D, and, less importantly, intestinal calcium absorption. Created by 
the authors with Power Point, version 2013, manufactured by Microsoft.
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hospitalized and emergency room patients and primary hy-
perparathyroidism is responsible for most cases outside the 
hospital setting [14,20,22].

Primary hyperparathyroidism leads to excessive PTH production. 
In approximately 80% of cases, hyperparathyroidism is caused 
by benign hyperplasia (adenoma) of 1 parathyroid gland. In 
20% of cases, overproduction occurs in 2 or 3 glands, and in a 
small proportion of patients, hyperplasia occurs in all 4 glands. 
Less than 1% of cases are caused by parathyroid cancer, with 
a similar prevalence in men and women; patients are usually 
younger, between 40 and 50 years old [12,19,22]. In these cases, 
serum calcium concentration is usually higher than in benign 
hyperplasia. The prevalence of primary hyperparathyroidism 

in the United States is higher in women (23/10 000 individ-
uals) than men (8.5/10 000 individuals) [19,23]. The peak of 
disease occurs in the seventh decade of life [24]. Risk factors 
for primary hyperparathyroidism include radiation to the head 
and neck in childhood and prolonged lithium use. Although 
most cases of primary hyperparathyroidism are sporadic, 5% 
to 10% of cases are related to hereditary syndromes such as 
multiple endocrine neoplasia, hyperparathyroidism jaw tumor 
syndrome, familial isolated hyperparathyroidism, neonatal se-
vere primary hyperparathyroidism, and non-syndromic prima-
ry hyperparathyroidism [11,13]

The second most frequent etiology is malignancy-associat-
ed hypercalcemia. It occurs in 10% to 30% of cancer patients. 
Hypercalcemia is an important prognostic marker [25], with 
approximately 50% mortality at 1 month and up to 75% at 3 
months after diagnosis. Cancer patient quality of life is also 
impacted by calcium levels [26]. The mechanisms of hypercal-
cemia, in order of frequency, are the production of PTH-related 
protein (PTHrp), bone metastasis, excessive activation of ex-
trarenal vitamin D, and ectopic PTH secretion [17,25].

PTHrp is structurally similar to PTH; it binds to the same PTH 
bone receptors stimulating the synthesis of receptor activa-
tor of nuclear factor-kappa B ligand (RANKL) and activating 
osteoclasts, thus releasing calcium into the circulation [11]. 
Additionally, PTHrp increases renal tubular reabsorption of cal-
cium. Differently from PTH, PTHrp does not increase renal vita-
min D hydroxylation or calcium absorption from the intestine. 
Cancer sites most related to PTHrp production are the head, 
neck, esophagus, lung, kidney, breast, bladder, endometrium, 
ovaries, and intestines [11].

The second most frequent cause of malignancy-associated 
hypercalcemia is bone metastases, which represents approx-
imately 20% of cases. Bone destruction by tumors or metas-
tasis was previously believed to be the primary mechanism, 
but it is currently known that bone destruction is a secondary 
mechanism. Metastases produce several inflammatory cyto-
kines, such as interleukin (IL)-1, IL-3, IL-6, tumor necrosis fac-
tor alpha, and transforming growth factor beta, that stimulate 
osteoblasts to produce RANKL and activate osteoclasts to re-
lease calcium into the circulation [18,11]. Additionally, some 
types of metastases, such as breast cancer metastases, can in-
duce local PTHrp production. The cancers most frequently re-
lated to this type of mechanism are Hodgkin and non-Hodgkin 
lymphoma, breast cancer, and multiple myeloma [18]. Less fre-
quently, ectopic PTH production can occur in lung and ovarian 
cancers, and some types of tumors such as lymphomas and 
ovarian cancer can cause extrarenal vitamin D activation [18].

The third most frequent hypercalcemia etiology is related to 
vitamin D status. Despite being rarely related to hypercalcemia 

Hyperparathyroidism

 Primary

 Tertiary

Malignancy

 PTHrp production

 Metastasis

 Ectopic production of PTH

 Extrarenal activation of Vitamin D

Drug-Induced

 Thiazide diuretics

 Lithium carbonate

 Calcium

 Vitamin D and A supplements 

 Antiacids

Granulomatous diseases

 Sarcoidosis

 Tuberculosis

 Histoplasmosis

 Leprosy

 Coccidioidomycosis

 Cryptococcus

Genetic disorders

 Familial hypocalciuric hypercalcemia

Miscellaneous

 Hyperthyroidism

 Pheochromocytoma

 Adrenal insufficiency

 Immobilization

Table 1. Causes of hypercalcemia.

PTH – parathyroid hormone; PTHrp – parathyroid hormone 
related-protein.
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in the past, it has become more frequent as vitamin D sup-
plementation is increasingly common in clinical practice [14]. 
Indiscriminate vitamin D supplementation can increase intes-
tinal calcium absorption, leading to hypervitaminosis and thus 
hypercalcemia [14].

Additionally, hypocalcemia or chronic kidney disease stimu-
lates the parathyroid to produce PTH, which is called second-
ary hyperparathyroidism. When this stimulation is intense or 
prolonged, the glands start autonomous PTH production, no 
longer depending on exogenous stimulation; this is called ter-
tiary hyperparathyroidism [27].

Granulomatous diseases such as tuberculosis, Hansen disease, 
cryptococcosis, histoplasmosis, sarcoidosis, paracoccidioidomy-
cosis, and granulomatosis with polyangiitis can also cause hy-
percalcemia by producing 1,25[OH]2D. Macrophages in the gran-
ulomas produce 1-a-hydroxylase, which converts 25[OH]D into 
its active form, increasing intestinal calcium absorption [28].

Exogenous vitamin D intoxication and extrarenal vitamin D pro-
duction can lead to PTH suppression and increase 1,25[OH]2D. 
Serum 25[OH]D level is normal in extrarenal vitamin D pro-
duction, whereas the excessive vitamin D ingestion leads to 
high levels. In fact, there is no other cause for hypercalcemia 
associated with vitamin D levels above upper limits than ex-
ogenous vitamin D intoxication [22,29].

Although less frequent, some medications, such as lithium, thi-
azide diuretics, aminophylline, tamoxifen, and vitamins A and 
D may be related to hypercalcemia [22]. Endocrinological dis-
eases, such as pheochromocytoma, adrenal insufficiency and, 
more relevantly, hyperthyroidism, can also be associated with 
hypercalcemia. In Graves disease, increased activation of os-
teoclasts by triiodothyronine (T3) can lead to hypercalcemia in 
up to 20% of patients. In general, thyrotoxicosis-induced hy-
percalcemia is mild and asymptomatic [22,30-32].

Although rare, familial hypocalciuric hypercalcemia also pres-
ents hypercalcemia. It is characterized by a mutation in the 
calcium-sensing receptor gene which increases the set point 
for calcium sensing, making the parathyroid less sensitive to 
calcium, so a higher serum calcium level is required to induce 
PTH release [33].

Clinical Manifestation

The signs and symptoms of hypercalcemia are related to cal-
cium levels, with higher values leading to more pronounced 
symptoms. Onset time is also important in the development 
of symptoms; acute onset is frequently associated with more 
symptoms than chronic onset, which allows the body to adapt 

to the new metabolic condition [17]. Usually, calcium values 
between 10.5 and 12 mg/dL rarely cause symptoms, values 
greater than 14 mg/dL are associated with more frequent and 
severe symptoms, and calcium values higher than 15 mg/dL 
increase the risk of cardiac arrest [21].

As mentioned previously, most patients are asymptomatic 
and diagnosed during routine tests. Only a small percentage 
of hypercalcemia patients present with exuberant and severe 
symptoms, which involve neurological, muscular, gastrointes-
tinal, renal, and cardiovascular systems, as seen in Table 2 
[1,2,13,34,35].

At initial assessment, hypercalcemia is usually marked by 
dehydration, which occurs through various mechanisms. 
Hypercalcemia causes renal afferent arteriole vasoconstric-
tion, which decreases renal blood flow and glomerular filtra-
tion rate (GFR), further reducing the ability of the kidneys to 
excrete the excess calcium [36-39]. Also, hypercalcemia affects 
tubular function by inhibiting the sodium-chloride transporter 
and increasing sodium and chloride loss, thus leading to vol-
ume depletion [37]. Additionally, hypercalcemia downregulates 
aquaporin 2 water channels in the collecting ducts, which con-
tributes to polyuria [36]. The volume contraction causes addi-
tional renal sodium retention by activating the renin-angioten-
sin-aldosterone system, and leads to reduced urinary calcium 
excretion, by stimulating its reabsorption in the proximal re-
nal tubule, since the transport of these 2 ions is linked [39].

Chronic hypercalcemia presents with less exuberant symptoms. 
Nephrolithiasis, osteopenia, and osteoporosis are common clin-
ical findings. Patients with primary hyperparathyroidism have 
lower bone mineral density than individuals of the same sex 
and age without hyperparathyroidism. Approximately 15% of 
hyperparathyroidism patients have osteopenia in the lumbar 
spine. Depression and memory loss are also associated with 
chronic hypercalcemia, but the causal link between these con-
ditions and parathyroid disease is uncertain [19].

Neurological
Confusion, somnolence, anxiety, 
cognitive deficits, behavior changes, 
coma

Muscular Weakness, muscle pain

Gastrointestinal Constipation, nausea, vomiting

Renal
Dehydration, polyuria, nephrolithiasis, 
acute kidney injury

Cardiovascular
Bradycardia, tachycardia, 
atrioventricular blockade, prolonged PR 
interval, widened QRS, shortened QTc

Table 2. Signs and symptoms of hypercalcemia.

QTc – corrected QT interval.
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Complementary Tests and Diagnosis

Initial evaluation of hypercalcemia patients involves assess-
ing serum levels of PTH, vitamin D, total proteins and frac-
tions, phosphorus and creatinine, and electrocardiography. 
Measurement of 25[OH]D can differentiate between excess 
vitamin D intake and extrarenal vitamin D activation [22,29]. 
From these results, it may be necessary to perform other lab-
oratory tests, such as PTHrp and urinary calcium. Although 
most cases of malignancy-associated hypercalcemia are relat-
ed to PTHrp production, it is rarely necessary to assess PTHrp 
to establish a diagnosis. Furthermore, PTHrp evaluation is ex-
pensive, difficult to perform, and not widely available [22,29].

Urinary calcium and urinary creatinine levels can be helpful 
in calculating calcium excretion by the formula UrCa x SerCr/
SerCa x UrCr, where UrCa is urinary calcium (mg/24 h), SerCa 
is serum calcium (mg/dL), UrCr is urinary creatinine (mg/24 
h), and SerCr is serum creatinine (mg/dL); this is useful in dif-
ferentiating primary hyperparathyroidism from familial hypo-
calciuric hypercalcemia, its main differential diagnosis. A re-
sult <0.01 suggests familial hypocalciuric hypercalcemia and 
a result of >0.01 suggests primary hyperparathyroidism [13].

It is important to highlight that imaging exams are not essen-
tial for diagnosing primary hyperparathyroidism, but they could 
be performed to locate the affected gland and for a surgical 
planning. Additionally, imaging exams may be performed to 
diagnose nephrolithiasis and densitometry is mandatory for 
evaluating bone mineral density [13].

The steps for etiological investigation of hypercalcemia are 
summarized in Figure 2.

Treatment

Treatment of hypercalcemia involves intravenous hydration, 
drugs such as bisphosphonates and denosumab to reduce 
bone resorption, corticosteroids, and, most importantly, treat-
ment of the underlying cause [39-42].

Hydration is the first measure in hypercalcemia treatment. 
The fluid therapy should replace sodium and water deficits 
and stimulate a sodium-linked calcium diuresis in the proxi-
mal renal tubule, as these 2 ions move in parallel at this part 
of the nephron [39-41]. Heller et al [40] showed that saline 
alone reduces calcium by an average of 2.4 mg/dL; this may 
be enough to correct hypercalcemia in mild cases. In this tri-
al, all patients displayed clinical improvement after venous 
hydration [39,40].

There are no randomized clinical trials comparing different 
types of fluid in hypercalcemic patients; considering the mech-
anisms involved in volume depletion and the sodium-calcium 
transport relationship in proximal tubules, we should priori-
tize 0.9% saline, because it contains more sodium than bal-
anced solutions. However, it is important to emphasize that 
the type of fluid should always be individualized according 
to electrolytes and the presence of acid-base disorders [42].

Hypercalcemia
(Ca >10.5 mg/dL)

Primary hypocalciuric
hypercalcemia

Primary/terciary
hyperparathyroidism Malignancy-related

hypercalcemia
Granulatomus disease

Lymphoma

Measure PTH

Measure 1,25[OH]2D

Measure 25[OH]D

Calcium excretion
Formula: UrCa×SerCr/SerCa×UrCr

High or normal PTH Low PTH

<0.01 >0.01

Normal
25[OH]D

Normal
1,25[OH]2D

High
1,25[OH]2D

Vitamin D
intoxication

High
25[OH]D

Figure 2. E tiological Investigation of Hypercalcemia. UrCa: urinary calcium (mg/24 h); SerCa: serum calcium (mg/dL); UrCr: urinary 
creatinine (mg/24 h); SerCr: serum creatinine (mg/dL); PTH: parathyroid hormone; 25[OH]D: 25-hydroxyvitamin D; 
1,25[OH]2D: 1,25-dihydroxyvitamin D. Created by the authors with Power Point, version 2013, manufactured by Microsoft.
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We usually administer 0.9% saline intravenously, starting with 
1 to 2 L, followed by an infusion of 200 to 300 mL/h. The hy-
dration should ensure a diuresis of 100 to 150 mL/h, a uri-
nary flow that promotes effective calciuresis [17,28]. If the di-
uresis is unsatisfactory, hydration should be adjusted, always 
aiming at the above-mentioned diuresis.

In the past, furosemide was a standard of care for hypercalce-
mia treatment. In a review, LeGrand et al [43] found no stud-
ies since 1983 investigating furosemide dose or efficiency in 
hypercalcemia management. The effect of furosemide in cal-
cium diuresis is limited and may aggravate dehydration and 
electrolytic disturbances; its use should therefore be limited 
to patients with volume overload [18].

The second cornerstone of hypercalcemia treatment is bisphos-
phonates. Saline with bisphosphonates is the first-line treat-
ment, with level-one evidence for hypercalcemia [43]. Most 
trials with bisphosphonates have only included patients with 
calcium levels above 12 mg/dL; for this reason, hydration 
only is initially recommended in mild hypercalcemia. In mod-
erate or severe hypercalcemia, or in very symptomatic pa-
tients, bisphosphonates should be added to intravenous hy-
dration. The 2 options approved for hypercalcemia treatment 
are pamidronate and zoledronic acid. These medications have 
a high affinity for hydroxyapatite and are quickly deposited in 
the bone after administration. Bisphosphonates are internal-
ized by osteoclasts, blocking structural proteins and inducing 
apoptosis of these cells. As a result, bone reabsorption is de-
creased, and calcium levels are consequently reduced [11,28].

Pamidronate was approved by the Food and Drug Administration 
(FDA) for clinical use in 1991. In a systematic review of 
bisphosphonate use in malignancy-related hypercalcemia, 
Saunders et al [44] showed that bisphosphonates are high-
ly effective, with over 70% of patients reaching normocalce-
mia. Small studies showed no differences between 30, 60, or 
90 mg pamidronate [45,46], but a large, double-blind study 
suggested increased efficacy at higher doses [47]. Although 
several authors recommend lower doses for moderate hyper-
calcemia, evidence suggests that higher bisphosphonate doses 
should be considered, regardless of initial calcium value [44].

Zoledronic acid is more potent than pamidronate in normal-
izing calcium levels. Major et al [48] conducted 2 concurrent 
randomized controlled trials that compared 4 mg and 8 mg of 
zoledronic acid with 90 mg of pamidronate; both zoledronic 
acid doses were more effective than pamidronate, with 88.4%, 
86.7% and 69.7% of patients achieving normal serum calcium 
concentration after 10 days, respectively [48]. However, un-
like zoledronic acid, pamidronate can be used in association 
with calcitonin, and promotes a faster response [11,25,49].

The usual pamidronate dose is between 60 and 90 mg intra-
venously, and infusion should be given in 2 to 4 h. In patients 
with GFR <30 mL/min, extended infusion time and reduced 
dose should be considered [34], but there are not enough clin-
ical trials to support this recommendation. The average time 
to reach normocalcemia is 4 days and the effect of the medi-
cation lasts around 18 days. The dose of zoledronic acid is 4 to 
8 mg intravenously, infused over 15 min. In patients with GRF 
between 30 and 60 mL/min, the dose should be reduced; zole-
dronic acid is not recommended for patients with a GFR low-
er than 30 mL/min [34]. The effect on calcemia can be seen in 
less than 3 days and it lasts approximately 32 days [11,28,50].

Calcitonin has been approved by the FDA for treating osteo-
porosis since 1975 and has more recently become part of the 
therapeutic arsenal for hypercalcemia when a rapid decrease 
in calcium levels is needed. The action mechanism consists of 
decreasing osteoclast activity and renal calcium reabsorption, 
reducing calcium levels. In some countries, calcitonin is not 
widely available. It has the advantage of a faster effect (12 to 
24 h), but it downregulates calcitonin receptors in the bone 
and kidneys, inducing tachyphylaxis in 48 h [34]; therefore, its 
use in combination with pamidronate is controversial [2]. It 
is administered intramuscularly or subcutaneously at a dose 
of 4 U/kg every 12 h, or even every 6 h if the response is not 
satisfactory. The effect of isolated calcitonin in hypercalcemia 
treatment has been poorly studied [11,50].

The use of corticosteroids is limited to the treatment of some 
cases of malignancy-related hypercalcemia, especially in mul-
tiple myeloma, lymphomas, and breast cancer. Corticosteroids 
decrease the production of inflammatory mediators by the 
bones and therefore decrease osteoclast activity. They can 
also be used in vitamin D-mediated hypercalcemia because 
they reduce 1-a-hydroxylase activity. The recommended dose 
is 200 to 300 mg hydrocortisone daily or 40 to 60 mg predni-
sone per day for 3 to 5 days. It should be associated with an-
other therapeutic strategy and interrupted if there is an un-
satisfactory response in 10 days [11,50]

Denosumab was approved by the FDA in 2010, initially for 
treating osteoporosis and skeletal-related events in patients 
with bone metastases; only in 2018 was denosumab approved 
for malignancy-related hypercalcemia that is unresponsive to 
bisphosphonates. Denosumab is a monoclonal antibody against 
RANKL. Blockage of RANKL prevents maturation and the func-
tion and survival of osteoclasts and therefore decreases bone 
resorption [51]. There have been some case reports since 2012 
on the effectiveness of denosumab in hypercalcemia-related 
malignancy [52-56]. In a randomized, double-blind, clinical tri-
al comparing denosumab and zoledronic acid in patients with 
advanced cancer and bone metastases or with multiple myelo-
ma, Diel et al [57] showed that denosumab is more effective 
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than zoledronic acid in delaying and preventing hypercalce-
mia [57]. The recommended dose is a subcutaneous 120 mg 
denosumab weekly for the first month and then once every 
4 weeks [58-63].

Although not frequently reported, hemodialysis may be indi-
cated in some cases [64]. It is an alternative for patients refrac-
tory to standard management, or with severe kidney injury or 
congestive heart failure, in whom hydration cannot be safely 
performed, or if urgent reduction in calcium is needed, such 
as in patients with severe neurological symptoms [18,65,66].

Final Considerations

Hypercalcemia is an important electrolyte disturbance due to 
its high associated morbidity and mortality, and the poten-
tially severe consequences. Hypercalcemia can be diagnosed 
in different medical scenarios, such as in primary care or the 
emergency room. As most patients are asymptomatic, a high 
suspicion for the disorder is essential for an early and correct 
diagnosis. The etiology of hypercalcemia should always be 
determined to improve prognosis and the use of financial re-
sources. Although treatment is mainly based on intravenous 
hydration and bisphosphonates administration, it should be 

individualized in specific situations. Treatment for patients 
with very high serum calcium or clinically relevant symptoms 
must be started as soon as possible, even before any diag-
nostic investigation.

Conclusions

As hypercalcemia is a potentially life-threatening condition 
and patients might not have any symptoms, we should keep 
a high suspicion for the diagnosis, mainly in emergency room 
scenarios. The etiological diagnosis should always be sought; 
however, starting general treatment quickly is essential for 
the prognosis of patients.
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