
The most abundant mineral in the human body.
• 99% bound in bone. Remainder in ECF compartment.
• Homeostasis maintained by parathyroid hormone, vitamin D & calcitonin.

PTH.
• Released from parathyroid glands in response to ↓ Ca2+ levels.
• Stimulates osteoclasts to ↑ bone resorption.
• ↑ Ca2+ resorption [and PO4 excretion] by kidney.
• ↑ Ca2+ intestinal absorption (w/ calcitriol).

Calcitriol.
• Influenced by ↑ Ca2+ levels (plus adrenaline, glucagon & gastrin).
• Inhibits osteoclasts & potentiates Ca2+ loss through the kidney.

HYPOCALCAEMIA.

Defined as an ionised Ca2+ level < 1.0 mmol/L. [Normal 1.05-1.30 mmol/L].

Pathophysiology.
Many causes of hypocalcaemia including shock, sepsis, ARF & pancreatitis.
The tables below have a larger list of DDx.

• Cellular dysfunction.
• Any interference to cell-metabolism will ↓iCa2+ levels.
• Allows Ca2+ movement into cytoplasm of poor-functioning cells.

• Pancreatitis.
• Lipase breaks down fat into fatty-acids & glycerol.
• Fatty acids combine with Ca2+ → saponification. 

• Drugs.
• as in Table 21-15.

• Post-operative Hypocalcaemia.
• ~10% of parathyroidectomy patients will develop hypoparathyroidism & 

subsequent hypocalcaemia.

• Renal Failure.
• ?due to hyperphosphataemia + ↓ vitamin D production.

• Phosphate Overload.
• eg. rhabdomyolysis.

CALCIUM [Ca2+]

Note.
• Calcium is protein-bound (albumin), free active ion or non-ionised.
• The ionised-fraction is physiologically active.



Symptoms & Signs.

Serious physiologic changes do not occur until iCa2+ levels are < 0.7-0.8 mmol/L.

• ↓ myocardial contraction (2* to inhibiting relaxation)
• Bradycardia, hypotension.
• QTc prolongation

• Paraesthesias (mouth & fingertips).
• Muscle weakness & spasm.
• Hyperactive deep-tendon reflexes.

• Chvostek sign: 
• Tapping facial nerve → facial twitching.

• Trousseau sign: carpal spasm produced by 
elevated BP-cuff > 3 mins.

• Most reliable indicator.
• Anxiety, irritability, confusion, psychosis.

Hypocalcaemia & the ECG...

• Most characteristic finding is prolonged 
QT interval (typically the ST-segment).

• T-wave is normal.



Management.

Tailored to the individual presentation & directed towards the underlying cause.

• Prolonged symptom duration (& asymptomatic patient) can be treated with oral 
replacement (with or without Vitamin D).

• IV replacement recommended for symptomatic cases (iCa2+ <0.65 mmol/l).
• 10mL of 10% CaCl (or 10-30mL 10% Ca-gluconate) over 10-20mins.
• Infusion to follow.

Caution: Do not give if patient is on digoxin.

Empirically given IV Calcium during massive transfusion. 
• 10mL 10% CaCl per 4-6 units of pRBC.

Replace OTHER electrolytes also (esp. magnesium).

HYPERCALCAEMIA.

Common. ~90% assoc. w/ hyperparathyroidism or malignancy.
Defined as an iCa2+ > 1.35mmol/L.
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Patients with asymptomatic hypocalcemia can be treated 
with oral calcium supplements. Available preparations include 
calcium ascorbate, calcium gluconate, and calcium lactate. 
Most patients require 1 to 4 g of elemental calcium daily in 
divided doses.

Hypercalcemia

Principles of Disease

Hypercalcemia is a relatively common medical disorder. 
Routine laboratory screening can be expected to detect  
hypercalcemia in 0.1 to 1.0% of patients, depending on the 
population being screened.29-31 Hypercalcemia is usually mild 
(<12 mg/dL) and asymptomatic and rarely requires emergency 
treatment. Nevertheless, hypercalcemia may be an important 
clue to a serious underlying medical disorder. Hypercalcemic 
crisis occurs in a subset of patients who have severe hypercal-
cemia (usually >14 mg/dL) and is generally associated with 
prominent signs and symptoms. In this situation, immediate 
measures to lower the serum calcium level are indicated.

Although hypercalcemia has many causes, more than 90% 
of cases result from primary hyperparathyroidism or malig-
nancy (Box 123-9).32

Primary hyperparathyroidism is the most common cause of 
hypercalcemia in outpatients, accounting for 25 to 50% of 
cases.33 This can result from parathyroid adenoma (80%), para-
thyroid hyperplasia (15%), or parathyroid carcinoma (5%).34 
Hyperparathyroidism can also occur in association with other 
endocrine tumors as part of one of the familial syndromes of 

Neuromuscular
Paresthesias
Muscle weakness
Muscle spasm
Tetany
Chvostek’s and Trousseau’s signs
Hyper-reflexia
Seizures

Cardiovascular
Bradycardia
Hypotension
Cardiac arrest
Digitalis insensitivity
QT prolongation

Pulmonary
Bronchospasm
Laryngeal spasm

Psychiatric
Anxiety
Depression
Irritability
Confusion
Psychosis
Dementia

BOX 123-8 CLINICAL FEATURES OF HYPOCALCEMIA

Management

In patients with suggested hypocalcemia or a documented low 
total serum calcium level, the first step in management should 
be verification of true ionized hypocalcemia. When hypocal-
cemia is the presumed cause of tetany, seizures, hypotension, 
or dysrhythmias, it may be appropriate to initiate treatment 
before the Ca2+ level is available. All patients with symptom-
atic hypocalcemia should be treated with parenteral calcium. 
Two different formulations are readily available in most emer-
gency departments: (1) 10-mL ampules of 10% calcium chlo-
ride, which contain 360 mg of elemental calcium, and (2) 
10-mL ampules of 10% calcium gluconate, which contain 
93 mg of elemental calcium. For the adult patient, the recom-
mended initial dose is 100 to 300 mg of elemental calcium 
given as calcium chloride or calcium gluconate. This dose of 
calcium increases the serum Ca2+ level for only a short time 
(1–2 hours) and should be followed by repeated doses or an 
infusion at a rate of 0.5 to 2 mg/kg/hr.25 For neonates, infants, 
and children, the recommended initial dose is 0.5 to 1.0 mL/kg 
of 10% calcium gluconate over 5 minutes.26

The most common side effects of IV calcium administration 
are hypertension, nausea, vomiting, and flushing. Bradycardia 
and heart block occur in rare cases. Patients receiving IV 
calcium should be placed on a cardiac monitor, and administra-
tion should be discontinued if bradycardia ensues. Calcium 
should be administered with extra caution in patients taking 
digoxin because it may precipitate (or exacerbate) digoxin-
induced cardiotoxicity. Because calcium can cause severe 
tissue irritation and necrosis if it extravasates, it should always 
be given through a well-functioning catheter. Whenever pos-
sible, calcium chloride should be diluted in 5% dextrose in 
water (D5W).25,26

Symptoms refractory to appropriate doses of calcium may 
be caused by coexisting hypomagnesemia. In patients with 
normal renal function, administration of 2 to 4 g of 10% mag-
nesium sulfate should be considered.

Primary hyperparathyroidism
Malignant disease

Parathyroid hormone–related protein
Ectopic production of 1,25-dihydroxyvitamin D
Other bone-resorbing substances
Osteolytic bone metastasis

Medications
Thiazide diuretics
Lithium
Estrogens
Vitamin D toxicity
Vitamin A toxicity
Calcium ingestion

Granulomatous disorders
Sarcoidosis
Tuberculosis
Coccidioidomycosis
Berylliosis
Histoplasmosis
Leprosy

Nonparathyroid endocrine disorders
Hyperthyroidism
Adrenal insufficiency
Pheochromocytoma
Acromegaly
Vasoactive intestinal polypeptide–producing tumor

Miscellaneous
Milk-alkali syndrome
Immobilization
Idiopathic hypocalcemia of infancy
Physiologic (in the newborn)

BOX 123-9 CAUSES OF HYPERCALCEMIA
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multiple endocrine adenomatosis. In primary hyperparathy-
roidism, the PTH level is elevated in more than 90% of cases; 
the remainder of patients have high-normal PTH levels that 
are inappropriate for the degree of hypercalcemia. An elevated 
PTH level leads to increased bone resorption, a relative 
decrease in renal calcium excretion, and increased intestinal 
calcium absorption. Patients typically develop hypercalcemia, 
phosphaturia, hypophosphatemia, and a hyperchloremic  
metabolic acidosis.

Malignancy is the most common cause of hypercalcemia in 
hospitalized patients, and hypercalcemia is the most common 
paraneoplastic complication of cancer. The reported preva-
lence of hypercalcemia in patients with cancer ranges from 15 
to 60%.35,36 A multitude of solid tumors can cause hypercalce-
mia, including cancers of breast, lung, colon, stomach, cervix, 
uterus, ovary, kidney, bladder, and head and neck. Hypercal-
cemia is also seen with hematologic malignancies such as mul-
tiple myeloma and lymphoma. Hypercalcemia in patients with 
cancer can result from several different mechanisms, including 
production of PTH-related protein by the tumor.37,38 This 
polypeptide is homologous to PTH in its first 13 N-terminal 
amino acids and binds to the PTH receptor, mimicking all the 
actions of the hormone. PTH-related protein is secreted by 
solid malignancies and their metastases and is not subject to 
normal feedback control mechanisms.39 Assays for PTH-
related protein are available to confirm this cause of cancer-
related hypercalcemia.40 Less often, hypercalcemia results 
from the production of other bone-resorbing substances by the 
tumor (e.g., transforming growth factor-α) or the local effects 
of osteolytic skeletal metastasis. Virtually all patients with 
cancer-associated hypercalcemia have low concentrations of 
PTH, readily distinguishing this cause of hypercalcemia from 
primary hyperparathyroidism.

Thiazide diuretics are associated with up to 20% of cases of 
hypercalcemia. These agents can increase the reabsorption of 
calcium in the distal convoluted tubule by as much as 70%. 
Hypercalcemia is typically mild, although it may be exagger-
ated in patients with dehydration.

Granulomatous disorders (e.g., sarcoidosis, tuberculosis, 
coccidioidomycosis, histoplasmosis, leprosy) can cause hyper-
calcemia. In these conditions, activated macrophages convert 
1,25-hydroxyvitamin D to its active form (1,25-DHCC), result-
ing in enhanced intestinal calcium absorption, hypercalcemia, 
and hypercalciuria.41 Certain lymphomas cause severe hyper-
calcemia by a similar mechanism. Interestingly, hypercalcemia 
in patients with sarcoidosis occurs as a seasonal event in 
patients who live in the Northern Hemisphere, presumably 
because of increased production of vitamin D in the skin 
during longer exposure to the summer sun.42

Acute vitamin A intoxication is an uncommon but well- 
recognized cause of hypercalcemia, resulting from an increase 
in osteoclastic activity. This usually occurs after an accidental 
massive ingestion of a preparation containing vitamin A. 
Chronic hypervitaminosis A can occur in patients using large 
doses of the vitamin for a variety of dermatologic conditions 
(e.g., acne vulgaris). Because vitamin A is highly lipophilic, 
toxicity may take several weeks to resolve after discontinua-
tion of the vitamin. Increased exogenous vitamin D intake 
may also result in hypercalcemia.

Milk-alkali syndrome is caused by excessive ingestion of 
calcium and absorbable antacids such as milk or calcium car-
bonate and is characterized by hypercalcemia, alkalosis, and 
renal failure. The disorder is less common since nonabsorbable 
antacids and H2-receptor antagonists became available for the 
treatment of peptic ulcer disease.

Lithium therapy for bipolar (manic-depressive) disorders 
can put patients at increased risk for developing hypercalce-

Neurologic
Fatigue, weakness
Confusion, lethargy
Ataxia
Coma
Hypotonia, diminished deep tendon reflexes

Cardiovascular
Hypertension
Sinus bradycardia, atrioventricular block
ECG abnormalities (short QT, bundle branch block)
Ventricular dysrhythmias
Potentiation of digoxin toxicity

Renal
Polyuria, polydipsia
Dehydration
Loss of electrolyte
Prerenal azotemia
Nephrolithiasis
Nephrocalcinosis

Gastrointestinal
Nausea, vomiting
Anorexia
Peptic ulcer disease
Pancreatitis
Constipation, ileus

BOX 123-10 CLINICAL FEATURES OF HYPERCALCEMIA

ECG, electrocardiographic.

mia. Clinical and in vitro studies suggest that lithium alters the 
release of PTH by shifting the set point for inhibition of 
hormone secretion by circulating calcium.

Thyroid hormone causes hypercalcemia by increasing bone 
turnover through direct stimulation of osteoclastic bone resorp-
tion. In most cases, the symptoms of hyperthyroidism pre-
dominate, and hypercalcemia does not become apparent until 
hyperthyroidism is managed. Hypercalcemia can also be seen 
in patients after renal transplantation or in the early phase of 
acute tubular necrosis.

Clinical Features

The clinical manifestations of hypercalcemia are nonspecific 
and vary widely from patient to patient (Box 123-10). Severity 
of symptoms depends on both the level of serum calcium and 
the rapidity of its rise.

Hypercalcemia decreases neuronal conduction and in 
general causes CNS depression. Symptoms range from fatigue, 
weakness, and difficulty concentrating to confusion, lethargy, 
stupor, and even coma.

Hypercalcemia has several effects on the cardiovascular 
system. The volume depletion with which hypercalcemia is 
typically associated can result in hypotension. Because hyper-
calcemia causes an increase in vascular tone, however, the 
blood pressure may be misleadingly normal. Characteristic 
ECG changes include shortening of the QT interval and, to a 
lesser degree, prolongation of the PR interval and QRS widen-
ing. Rarely, severe hypercalcemia causes sinus bradycardia, 
bundle branch block, high-degree atrioventricular block, and 
even cardiac arrest. Calcium potentiates the action of digoxin, 
and the side effects of digoxin are accentuated when hyper-
calcemia is present.34

stones (renal calculi), bones (osteolysis), 
moans (psychiatric disorders), groans 
(peptic ulcer disease, pancreatitis, and 
constipation)



Management.

Initiated immediately with evidence of severe dehydration, altered LOC or symptomatic 
dysrhythmias. Consists of;

• Volume replacement
• Decreasing mobilisation of Ca2+ from bone.
• Correcting the underlying disorder.
• Up to ⅓ of patients will have hypokalaemia also. Check other electrolytes !!

• Hypomagnesaemia is also common.

1. IV Fluids.
• Normal saline. 
• Targeting UO > 100-150mL/hr
• Modest ↓ in Ca2+

• Correct electrolyte 
abnormalities

2. Bisphosphonates
• Usually under advisement of in-patient specialist !!
• Palmidronate 90mg is most commonly used.
• Calcitonin can also be used.

3. Loop diuretics
• Inhibit Ca2+ reabsorption.
• Must be adequately volume-resuscitated prior to its use.
• NO thiazides.
• Its use remains controversial & possibly no longer recommended.

4. Underlying cause.
• Further investigation required.

• PTH & Vitamin D levels.
• Myeloma screen
• Withhold offending medications.

Hypercalcaemia causing marked 
shortening of the QT interval 

(260ms).

Restores GFR, also presents ↑ Na+ 
to renal tubule (↑ Ca2+ excretion) 

Hypercalcaemia & the ECG...

• Shortening of QT-interval
• (severe) Osborn J-waves
• Ventricular irritability → cardiac arrest.


