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CLINICAL RECOGNITION

Hypercalcemia can be defined as a serum calcium
greater than 2 standard deviations above the normal
mean in a reference laboratory. Calcium in the blood
is normally transported:

partly bound to plasma proteins (about 45%), notably
to albumin; partly bound to small anions such as
phosphate and citrate (about 10%); partly in the free
or ionized state (about 45%).

Only the ionized calcium is metabolically active i.e.,
subject to transport into cells, but most laboratories
report total serum calcium  concentrations.
Hypercalcemia is therefore often defined as a total
serum calcium (bound plus ionized) greater than 10.6
mg/dl (2.65 mM) or an ionized serum calcium greater
than 5.3 mg/dl (1.3 mM) but values may vary
between laboratories.

Dehydration, or hemoconcentration
venipuncture, may elevate total serum albumin
whereas ionized calcium may remain normal.
Consequently, a falsely elevated total serum calcium
may be reported. Conversely when serum albumin
levels are low, total serum calcium may be falsely
low. To correct for an abnormally high or low serum
albumin the following formula can be used:

during

Corrected calcium (mg/dL) = measured total serum
calcium (mg/dL) + [4.0-serum albumin (g/dL) X 0.8]
or Corrected calcium (mM) = measured total serum
Ca (mM) + [40 - serum albumin (g/L) X 0.02]

Changes in blood pH can also alter the equilibrium
constant of the albumin-calcium complex: Acidosis
reduces binding and alkalosis enhances binding.
Consequently, when major shifts in serum protein or
pH are present it is prudent to directly measure the
ionized calcium level in order to determine the
presence of hypercalcemia.

Clinical Manifestations may be due to hypercalcemia
or may be due to the causal disorder or may be due
to both. Hypercalcemic manifestations will vary
depending on whether the hypercalcemia is of acute
onset and severe (greater than 12 mg/dL or 3 mM) or
whether it is chronic and relatively mild. Patients may
also tolerate higher serum calcium levels more
readily if the onset is relatively gradual, but at
concentrations above 14 mg/dL (3.5 mM) most
patients are symptomatic. In both acute and chronic
cases, the major manifestations affect
gastrointestinal, renal and neuromuscular function
(Table 1).
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Table 1. Manifestations of Hypercalcemia

Acute

Chronic

Gastrointestinal

Anorexia, nausea, vomiting

Dyspepsia, constipation, pancreatitis

Renal Polyuria, polydipsia

Nephrolithiasis, nephrocalcinosis

atrioventricular block,
digitalis sensitivity

Neuro-muscular | Depression, confusion, Weakness
stupor, coma
Cardiac Short Q-T interval Hypertension

bradycardia, first degree

PATHOPHYSIOLOGY

Fluxes of calcium across the skeleton, the gut, and
the kidney play a major role in maintaining calcium
homeostasis. When the extracellular fluid (ECF)
calcium is raised above the normal range, the
calcium ion per se, by stimulating the G-protein
coupled calcium sensing receptor (CaSR), can inhibit
parathyroid hormone (PTH) release. Decreased PTH
and CaSR stimulation will both facilitate reduced
renal calcium reabsorption, and decreased PTH will
result in reduced bone resorption and diminished
release of calcium from bone. Decreased PTH and
hypercalcemia will also reduce renal production of
the active form of vitamin D, 1,25-dihydroxyvitamin D
[1,25(0OH);D], and decrease gut absorption of
calcium. The net effect of the diminished renal
calcium reabsorption, intestinal calcium absorption,
and skeletal calcium resorption will be to reduce the

elevated ECF calcium to normal. Consequently,
decreased levels of PTH and decreased levels of
1,25(0OH).D should accompany hypercalcemia unless
the PTH or 1,25(0OH).D is the cause of the
hypercalcemia. The converse sequence of events
occurs when the ECF calcium is reduced below the
normal range.

A genetic relative of PTH, PTH-related peptide
(PTHrP), can also resorb bone, when released from
certain tumors. Both PTH and PTHrP act on
osteoblastic cells to increase production of cytokines,
notably receptor activator of nuclear factor kappa B
ligand (RANKL) which increases production and
activation of multinucleated osteoclasts which then
resorb mineralized bone.

DIAGNOSIS AND DIFFERENTIAL (FIGURE 1)
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Increased serum calcium
(total calclum corrected for albumin or lonized calcium)

Complete history and physical exam
Determine serym PTH level

Increased or normal PTH Low PTH

p N Determine PTHiP
PHPT or FHH Li -

Obtain 24hr urine calcium Increased PTHrP Normal PTHrP
p Malignancy survey, Determine 1,25(0H),0
Increased Low gjv.:::‘tder Neuroendocrine )
>200 mg (Smmol >
9 ) <100 mg (2.5 mmol) or Increased 1,25(0H),D Normal 1,25(0H),D
| Ca/Creat <0.01
PHPT FHH Evaluate for Lymphoma or Determine 25(0'”)0
Granuloma or Infantile Idiopathic
‘ Hypercalcemia (IH)
Determine eGFR Follow-up < d
Determine BMD Increased 25(0OM)D Normal 25(0H)D

Exclude familal PHPT

Evaluate vitamin D

Consider guidelines for Management RESCRESSSN Obtain SPEP, UPEP re Multiple Myeloma
Surgery or Follow-up Consider other Etiologies (Table 1) e.g. MAH
due to skeletal metastases, other endocrine
disorders, other medication or viral disease
(HIV, CMV)

Figure 1. Algorithm for Diagnosing the Cause of Hypercalcemia

Hypercalcemic disorders can be broadly grouped into  malignancy-associated hypercalcemia (MAH)
Endocrine Disorders, Malignant Disorders, account for the vast majority of hypercalcemic
Inflammatory Disorders, Medication-Induced  disorders. (For a more complete discussion of
Hypercalcemia, and Immobilization as shown in  hypercalcemic disorders and the underlying
Tables 2-8. Primary hyperparathyroidism (HPTH) and  pathophysiology, see reference 1)

Table 2. Endocrine Disorders Associated with Hypercalcemia

1. Endocrine Disorders with Excess PTH Production

Primary Sporadic Hyperparathyroidism (HPTH)

Adenoma (85-95%)

Hyperplasia (10-15%)

Carcinoma (<1%)

(80% of primary hyperparathyroidism is “asymptomatic”)

Primary Familial HPTH (Syndromic HPTH)

Multiple Endocrine Neoplasia, Type | (MEN1)- Autosomal dominant, MEN1 mutation (encodes menin)

Multiple Endocrine Neoplasia, Type Il (also called MENIIA)- Autosomal dominant, RET mutation (encodes c-
Ret)

Multiple Endocrine Neoplasia, Type IV (MENIV)- Autosomal dominant, CDKN1B mutation (encodes P27(Kip1))

Hyperparathyroidism — Jaw Tumor Syndrome-

Autosomal dominant, CDC73/HRPT2 mutation (encodes parafibromin)

Non-Syndromic HPTH

Familial Hypocalciuric Hypercalcemia (FHH)
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Heterozygotes and Neonatal Severe Primary Hyperparathyroidism (NSHPT) (homozygotes)
FHH1: CaSR mutation (encodes calcium sensing receptor)
FHH2: GNA11 mutation (encodes G protein subunit a11)
FHH3: AP2S1 mutation (encodes adaptor protein-2 sigma subunit)

Familial Isolated HPTH(Non-Syndromic)

Mutations inf MEN1, CDC73/HRPT2 or CASR may account for a minority of kindreds with the FIHP
phenotype upon initial ascertainment. Activating variants in GCM2 (encodes the transcription factor GCM2)
have also been described.

Tertiary HPTH

Chronic Kidney Disease

Phosphate Treatment of Hypophosphatemic Rickets/Osteomalacia

2. Endocrine Disorders without Excess PTH Production

Hyperthyroidism

Pheochromocytoma

VIPoma

Hypoadrenalism

Jansen’s Metaphyseal Chondrodysplasia- Due to activating mutation of PTHR1, the gene encoding the
type1 PTH/PTHrP receptor

Table 3. Malignancy-Associated Hypercalcemia (MAH)

Accounts for about 90% of hypercalcemia in hospitalized patients.
Hypercalcemia is often acute and severe and usually a late manifestation of malignancy

1. MAH with Elevated PTHrP

Solid tumors (e.g. breast, lung, kidney, Gl)

Hematologic malignancies (e.g. Non-Hodgkin’s lymphoma, adult T cell leukemia/lymphoma, chronic
myelogenous, leukemia, chronic lymphocytic leukemia)

2. MAH with Elevation of Other Systemic Factors

1,25(0OH)2D (e.g. Hodgkin’s Disease), cytokines (Multiple Myeloma and malignancies metastatic to bone), and
rarely ectopic PTH production (e.g. ovarian, lung, thyroid and thymus)

Table 4. Granulomatous Disorders Causing Hypercalcemia

Due to extra-renal mononuclear cell 1,25(OH).D production

1 Non-infectious (e.g. Sarcoidosis, Wegener’'s granulomatosis, berylliosis)
2 Infectious (e.g. TB, histoplasmosis)

Table 5. Pediatric Syndromes

1. Williams Syndrome

2. ldiopathic Infantile Hypercalcemia
Due to loss-of-function of CYP24A1, encoding CYP24A1, the enzyme metabolizing 1,25(0OH).D, or due to loss-
of-function of SLC34A1, encoding the renal proximal tubular sodium-phosphate cotransporter, Na/Pi-lla.

Table 6. Viral Syndromes
Human Immunodeficiency Virus (HIV) infections
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| Cytomegalovirus (CMV) infections

Table 7. Medication-Induced

. Thiazides

. Lithium

. Vitamin D

. Vitamin A

. Tamoxifen (during treatment of skeletal breast cancer metastases)

. Aminophylline/theophylline

. Aluminum Intoxication

XN A B [WDN—~

. Milk-Alkali Syndrome

Table 8. Immobilization

with primary HPTH or MAH.

Immobilized patients continue to resorb bone whereas bone formation is inhibited.
Consequently, immobilization may precipitate hypercalcemia and hypercalciuria in individuals
with high bone turnover such as growing children, patients with Paget’s Disease or patients

DIAGNOSTIC TESTS NEEDED AND SUGGESTED

Laboratory testing should be guided by the results of
a careful history and a detailed physical examination
and should be geared toward assessing the extent of
the alteration in calcium homeostasis and toward
establishing the underlying diagnosis and
determining its severity. Most patients with primary
HPTH, the most common cause of hypercalcemia in
the clinic, present with mild hypercalcemia
discovered on a routine biochemical assessment.
There may be a history of a recent or remote renal
stone. Bone pain and fractures are rare although the
patient may carry a diagnosis of osteoporosis based
on a previous bone mineral density (BMD)
measurement. A history of a documented peptic ulcer
is rare in primary sporadic HPTH and should raise
concern about MEN1. Although cardiovascular and
neuropsychiatric manifestations have been described
they appear to require more validation.
Documentation of at least two elevated corrected (or
ionized) serum calcium levels with concomitant
elevated (or at least normal) serum PTH levels is
required to establish the diagnosis (Figure 1). Lithium
treatment has been associated with hypercalcemia,
elevated or normal serum PTH, and increased renal

calcium reabsorption. The presence of a family
history of hypercalcemia or of kidney stones should
raise suspicion of MEN1 or MEN2a (reference 3 and
4). If, in addition to primary HPTH in the proband,
one or more first-degree relatives are found to have
at least one of the three tumors characterizing MEN1
(parathyroid, pituitary, pancreas) or MEN2a
(parathyroid, medullary thyroid carcinoma,
pheochromocytoma) then it is highly likely that the
disease is familial. The presence of ossifying
fiboromas of the mandible and maxilla, and renal
lesions such as cysts and hamartomas in addition to
HPTH would suggest HPTH-jaw tumor syndrome. In
all patients with documented primary HPTH, a 24-
hour urine calcium and creatinine level should be
obtained to exclude familial  hypocalciuric
hypercalcemia (FHH). If the urine calcium to
creatinine ratio is less than 0.01 and if testing serum
and urine calcium in three relatives discloses
hypercalcemia and relative hypocalciuria in other
family members, then this diagnosis is likely and
parathyroid surgery is to be avoided. If the urine
calcium to creatinine ratio is greater than 0.01 then
estimated glomerular filtration rate (eGFR) and a
BMD test should be performed and guidelines for
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treatment of primary HPTH should be considered
(see below).

Tertiary hyperparathyroidism with hypercalcemia and
elevated PTH has been described in chronic kidney
disease patients on hemodialysis, or in patients with
hypophosphatemic  syndromes  (e.g.,  x-linked
hypophosphatemic rickets) receiving long-term oral
phosphate therapy without concomitant calcitriol.

If hypercalcemia is associated with very low or
suppressed serum PTH levels, then malignancy
would be an important consideration, either in
association with elevated serum PTHrP or in its
absence, in which case it is generally as a result of
the production of other cytokines, often with
osteolytic metastases. When malignancy-associated
hypercalcemia is suspected then an appropriate
malignancy screen should be done including skeletal
imaging to identify skeletal metastases. As well
appropriate general biochemical assessment such as
a complete blood count and serum creatinine and
specific biochemical assessment such as serum and
urine protein electrophoresis to exclude multiple
myeloma would be appropriate.

Detection of elevated serum 1,25(OH).D levels in the
absence of elevated serum PTH levels, suggests the
need for a search for lymphoma or for non-infectious
(e.g., sarcoidosis) or infectious granulomatous
disease.

Hypercalcemia may also occur with thyrotoxicosis,
pheochromocytoma, VIPoma, and hypoadrenalism.
Increased PTHrP may be associated with
neuroendocrine tumors. Serum PTH levels are
suppressed in these disorders and 1,25(OH).D levels
are not elevated. Although these conditions may be
suspected from clinical examination, detailed
biochemical evaluation of these non-PTH associated
endocrine disorders is required for confirmation.

Detection of elevated serum 25-hydroxyvitamin D
[25(0OH)D], should lead to a search for vitamin D
intoxication. Vitamin A intoxication may also lead to

hypercalcemia, but in the absence of elevated serum
25(0OH)D, 1,25(0H).D, or PTH. Hypercalcemia has
been reported in association with human
immunodeficiency  virus  (HIV), HTLV-Ill  or
cytomegalovirus (CMV) infections of the skeleton,
presumably due to direct skeletal resorption. Use of
foscarnet as an antiviral agent has also been
associated with hypercalcemia. Transient
hypercalcemia may accompany thiazide diuretic
ingestion, possibly associated with dehydration, but
prolonged hypercalcemia with thiazides requires a
search for other causes. Hypercalcemia may be seen
in patients with advanced breast cancer with skeletal
metastases, at the initiation of treatment with
tamoxifen. Aminophylline and theophylline used as
bronchodilators have (rarely) been reported to be
associated with hypercalcemia. The use of
aluminum-containing phosphate binders in patients
on chronic hemodialysis was associated with
hypercalcemia in the past but, with the advent of
other modes of therapy, this is rarely seen today.
Similarly, the use of absorbable alkali (NaHCOs3)
along with large quantities of milk for ulcer treatment
was a cause of hypercalcemia in the past but this
therapy has been superseded today.

In the pediatric age group, hypercalcemia may
include Jansens’s Metaphyseal Chondrodysplasia
due to an activating mutation of the type 1
PTH/PTHrP receptor; neonatal severe
hyperparathyroidism (NSHPTH) which may present
with life-threatening hypercalcemia in neonates that
are homozygous for inactivating mutations in CaSR;
William’s Syndrome, an autosomal dominant disorder
with  hemizygous submicroscopic deletions of
chromosome 7q11.23, characterized phenotypically
by multiple congenital abnormalities, and in which
hypercalcemia may occur possibly due to aberrant
vitamin D metabolism; and idiopathic infantile
hypercalcemia (IIH) in which hypercalcemia may be
associated with increased 1,25(OH).D.due to loss-of-
function mutations in CYP24A1, the gene encoding
the enzyme responsible for the first step in
inactivation of 1,25(OH).D. IIH may also be caused
by loss-of-function mutations in SLC34A1, encoding
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the renal proximal tubular sodium-phosphate hypercalcemia then treatment of the hypercalcemia
cotransporter, Na/Pi-lla, leading to phosphaturia, can be aimed solely at treatment of the underlying
phosphate depletion, suppression of the hormone  disorder. If the patient has symptoms and signs of
fibroblast growth factor-23 (FGF-23), decreased acute hypercalcemia as described above and serum

CYP24A1,and increased 1,25(0OH).D production. calcium is greater than 12 mg/dL (3 mM), then a
series of urgent measures should be instituted (Table
THERAPY 9). These measures are almost always required with

a serum calcium above 14 mg/dL (3.5 mM).
If the patient's serum calcium concentration is less
than 12 mg/dL (3 mM) without symptoms of

Table 9. Management of Acute Hypercalcemia

1. Hydration to Restore Euvolemia

0.9% saline (e.g. an initial rate of 200-300 mL/h subsequently adjusted to maintain a urine output at 100-150
mL/h). Use caution in patients with compromised cardiovascular or renal function.

2. Inhibition of Bone Resorption

Zoledronate 4 mg intravenously in 5 ml over 15 min or Pamidronate, 90 mg, intravenously in 500 ml of 0.9%
saline or 5% dextrose in water over 4 hours.

Peak decrease in serum calcium after 4 days but may last for 8 weeks.

Flu-like syndrome or myalgias may occur

If bisphosphonates are contraindicated due to severe renal impairment, denosumab can be given instead (e.g.
0.3 mg/kg sc), with a second dose administered if the calcium is not lowered within approximately one week.
Low serum 25(OH)D, if present, should be corrected before administering denosumab

Calcitonin, 4 to 8 IU/Kg im or sc, every 6-12 hours may be used with a bisphosphonate or denosumab because
of its more rapid onset of action.

Peak decrease in serum calcium within 2-6 hours

Tachyphylaxis may occur after 24-48 hours

May use with a parenteral bisphosphonate for severe hypercalcemia because onset of calcium reduction is
earlier

3. Calciuresis (when decreased renal excretion is suspected e.g. with excess PTH or PTHrP)

Loop diuretic e.g. furosemide, 10 to 20 mg IV
Administer only after rehydration

4. Glucocorticoids (when indicated)

e.g. hydrocortisone 200 to 300 mg intravenously over 24 hours for 3 to 5 days
For patients with responsive hematologic malignancies such as lymphoma or myeloma
For patients with vitamin D intoxication or granulomatous disease with increased 1,25(OH).D

5. Dialysis

Patients refractory to other therapies
Patients with renal insufficiency
Either peritoneal dialysis or hemodialysis can be effective

6. Calcimimetics

The calcimimetic, cinacalcet, may be used in doses starting from 30 mg twice daily orally to as high as 90 mg 4
times daily for the treatment of hypercalcemia due to severe primary HPTH (especially if caused by a
parathyroid carcinoma)
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7. Mobilization

Mobilize as rapidly as possible after the acute episode

FOLLOW-UP

In the patient with primary sporadic HPTH who
presents with kidney stones, fractures, or a low BMD
(T-score less than -2.5) surgery would be indicated.
In the patient with documented asymptomatic primary
HPTH, follow-up should be done annually with
measurement of serum calcium and serum creatinine
(to determine estimated GFR). BMD should be
repeated every one to two years. Guidelines below

should be considered for recommending surgery in
asymptomatic patients (table 10) (reference 2). The
diagnosis of familial disease raises issues of
management of HPTH in the proband and affected
family members in view of the fact that familial HPTH
generally is generally associated with multigland
disease, whereas the sporadic disease is usually due
to an adenoma. In HPTH jaw tumor syndrome there
should be recognition of the high frequency of
parathyroid carcinoma.

Table 10. Guidelines for Surgery in Asymptomatic Primary
Serum calcium 1.0 mg/dL elevation
Renal 24-h urine for FHH/stone risk
U Ca >400 mg/day
Creatinine clearance: <60 mL/min
Calcification on renal imaging
Bone T-score < -2.5
Vertebral fracture on imaging
Age <50

Management of other etiologies of hypercalcemia are
generally directed toward the specific entity involved.
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