2482 should be measured after dialysis, and phosphate supplements

should be added to the diet or to dialysis fluids if necessary.
Phosphate therapy, PO or IV, has a limited role in certain circumstances (Chap. 423). Correcting hypophosphatemia lowers the
serum calcium concentration by several mechanisms, including
bone/calcium exchange. The usual oral treatment is 1–1.5 g of
phosphorus per day for several days, given in divided doses. It is
generally believed, but not established, that toxicity does not occur
if therapy is limited to restoring serum inorganic phosphate concentrations to normal.
Raising the serum inorganic phosphate concentration above
normal decreases serum calcium levels, sometimes strikingly.
Intravenous phosphate is one of the most dramatically effective
treatments available for severe hypercalcemia but is toxic and even
dangerous (fatal hypocalcemia). For these reasons, it is used rarely
and only in severely hypercalcemic patients with cardiac or renal
failure where dialysis, the preferable alternative, is not feasible or is
unavailable.

PART 16
Endocrinology and Metabolism

SUMMARY
The various therapies for hypercalcemia are listed in Table 424-4.
The choice depends on the underlying disease, the severity of
the hypercalcemia, the serum inorganic phosphate level, and the
renal, hepatic, and bone marrow function. Mild hypercalcemia (≤3
mmol/L [12 mg/dL]) can usually be managed by hydration. Severe
hypercalcemia (≥3.7 mmol/L [15 mg/dL]) requires rapid correction.
Calcitonin should be given for its rapid, albeit short-lived, blockade
of bone resorption, and IV pamidronate or zoledronate should
be administered, although its onset of action is delayed for 1–2
days. In addition, for the first 24–48 h, aggressive sodium-calcium
diuresis with IV saline should be given and, following rehydration,
large doses of furosemide or ethacrynic acid, but only if appropriate
monitoring is available and cardiac and renal function are adequate.
Intermediate degrees of hypercalcemia between 3 and 3.7 mmol/L
(12 and 15 mg/dL) should be approached with vigorous hydration
and then the most appropriate selection for the patient of the combinations used with severe hypercalcemia.

HYPOCALCEMIA
(See also Chap. 65)
PATHOPHYSIOLOGY OF HYPOCALCEMIA: CLASSIFICATION BASED ON
MECHANISM
Chronic hypocalcemia is less common than hypercalcemia; causes
include chronic renal failure, hereditary and acquired hypoparathyroidism, vitamin D deficiency, pseudohypoparathyroidism, and hypomagnesemia (Table 424-5).
Acute rather than chronic hypocalcemia is seen in critically ill
patients or as a consequence of certain medications and often does
not require specific treatment. Transient hypocalcemia is seen with
severe sepsis, burns, acute kidney injury, and extensive transfusions
with citrated blood. Although as many as one-half of patients in an
intensive care setting are reported to have calcium concentrations of
<2.1 mmol/L (8.5 mg/dL), most do not have a reduction in ionized
calcium. Patients with severe sepsis may have a decrease in ionized
calcium (true hypocalcemia), but in other severely ill individuals,
hypoalbuminemia is the primary cause of the reduced total calcium
concentration. Alkalosis increases calcium binding to proteins, and in
this setting, direct measurements of ionized calcium should be made.
Medications such as protamine, heparin, and glucagon may cause
transient hypocalcemia. These forms of hypocalcemia are usually not
associated with tetany and resolve with improvement in the overall
medical condition. The hypocalcemia after repeated transfusions of
citrated blood usually resolves quickly.
Patients with acute pancreatitis have hypocalcemia that persists
during the acute inflammation and varies in degree with disease
severity. The cause of hypocalcemia remains unclear. PTH values are
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TABLE 424-5 Functional Classification of Hypocalcemia
(Excluding Neonatal Conditions)
PTH Absent
Hereditary hypoparathyroidism
Acquired hypoparathyroidism
PTH Ineffective
Chronic kidney disease
Active vitamin D lacking
↓ Dietary intake or sunlight
Defective metabolism:
Anticonvulsant therapy
 Vitamin D–dependent rickets
type I
PTH Overwhelmed
Severe, acute
hyperphosphatemia
Tumor lysis
Acute kidney injury
Rhabdomyolysis

Hypomagnesemia

Active vitamin D ineffective
Intestinal malabsorption
Vitamin D–dependent rickets type II
Pseudohypoparathyroidism

Osteitis fibrosa after
parathyroidectomy

Abbreviation: PTH, parathyroid hormone.

reported to be low, normal, or elevated, and both resistance to PTH
and impaired PTH secretion have been postulated. Occasionally, a
chronic low total calcium and low ionized calcium concentration are
detected in an elderly patient without obvious cause and with a paucity
of symptoms; the pathogenesis is unclear.
Chronic hypocalcemia, however, is usually symptomatic and
requires treatment. Neuromuscular and neurologic manifestations of
chronic hypocalcemia include muscle spasms, carpopedal spasm, facial
grimacing, and, in extreme cases, laryngeal spasm and convulsions.
Respiratory arrest may occur. Increased intracranial pressure occurs
in some patients with long-standing hypocalcemia, often in association
with papilledema. Mental changes include irritability, depression, and
psychosis. The QT interval on the electrocardiogram is prolonged, in
contrast to its shortening with hypercalcemia. Arrhythmias occur, and
digitalis effectiveness may be reduced. Intestinal cramps and chronic
malabsorption may occur. Chvostek’s or Trousseau’s sign can be used
to confirm latent tetany.
The classification of hypocalcemia shown in Table 424-5 is based
on an organizationally useful premise that PTH is responsible for
minute-to-minute regulation of plasma calcium concentration and,
therefore, that the occurrence of hypocalcemia must mean a failure
of the homeostatic action of PTH. Failure of the PTH response can
occur if there is hereditary or acquired parathyroid gland failure, if
PTH is ineffective in target organs, or if the action of the hormone is
overwhelmed by the loss of calcium from the ECF at a rate faster than
it can be replaced.
PTH ABSENT
Whether hereditary or acquired, hypoparathyroidism has a number
of common components. Symptoms of untreated hypocalcemia are
shared by both types of hypoparathyroidism, although the onset of
hereditary hypoparathyroidism can be more gradual and associated
with other developmental defects. Basal ganglia calcification and
extrapyramidal syndromes are more common and earlier in onset
in hereditary hypoparathyroidism. In previous decades, acquired
hypoparathyroidism secondary to surgery in the neck was more
common than hereditary hypoparathyroidism, but the frequency
of surgically induced parathyroid failure has diminished as a result
of improved surgical techniques that spare the parathyroid glands
and increased use of nonsurgical therapy for hyperthyroidism.
Pseudohypoparathyroidism, an example of ineffective PTH action
rather than a failure of parathyroid gland production, may share
several features with hypoparathyroidism, including extraosseous calcification and extrapyramidal manifestations such as choreoathetotic
movements and dystonia.
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