2484 glands; in some instances, not all the tissue is removed, but the remain-

der undergoes vascular supply compromise secondary to fibrotic
changes in the neck after surgery. In the past, the most frequent cause
of acquired hypoparathyroidism was surgery for hyperthyroidism.
Hypoparathyroidism now usually occurs after surgery for hyperparathyroidism when the surgeon, facing the dilemma of removing too
little tissue and thus not curing the hyperparathyroidism, removes too
much. Parathyroid function may not be totally absent in all patients
with postoperative hypoparathyroidism.
Rare causes of acquired chronic hypoparathyroidism include radiation-induced damage subsequent to radioiodine therapy of hyperthyroidism and glandular damage in patients with hemochromatosis or
hemosiderosis after repeated blood transfusions. Infection may involve
one or more of the parathyroids but usually does not cause hypoparathyroidism because all four glands are rarely involved.
Transient hypoparathyroidism is frequent following surgery for
hyperparathyroidism. After a variable period of hypoparathyroidism,
normal parathyroid function may return due to hyperplasia or recovery
of remaining tissue. Occasionally, recovery occurs months after surgery.
TREATMENT
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Treatment involves replacement with vitamin D or 1,25(OH)2D
(calcitriol) combined with a high oral calcium intake. In most
patients, blood calcium and phosphate levels are satisfactorily regulated, but some patients show resistance and a brittleness, with a
tendency to alternate between hypocalcemia and hypercalcemia.
For many patients, vitamin D in doses of 40,000–120,000 U/d
(1–3 mg/d) combined with ≥1 g elemental calcium is satisfactory.
The wide dosage range reflects the variation encountered from
patient to patient; precise regulation of each patient is required.
Compared to typical daily requirements in euparathyroid patients
of 200 U/d (or in older patients as high as 800 U/d), the high dose
of vitamin D (as much as 100-fold higher) reflects the reduced conversion of vitamin D to 1,25(OH)2D. Many physicians now use 0.5–1
μg of calcitriol in management of such patients, especially if they
are difficult to control. Because of its storage in fat, when vitamin
D is withdrawn, weeks are required for the disappearance of the
biologic effects, compared with a few days for calcitriol, which has
a rapid turnover.
Oral calcium and vitamin D restore the overall calcium-phosphate
balance but do not reverse the lowered urinary calcium reabsorption typical of hypoparathyroidism. Therefore, care must be taken
to avoid excessive urinary calcium excretion after vitamin D and calcium replacement therapy; otherwise, nephrocalcinosis and kidney
stones can develop, and the risk of CKD is increased. Thiazide diuretics lower urine calcium by as much as 100 mg/d in hypoparathyroid
patients on vitamin D, provided they are maintained on a lowsodium diet. Use of thiazides seems to be of benefit in mitigating
hypercalciuria and easing the daily management of these patients.
There are now trials of parenterally administered PTH (either
PTH[1–34] or PTH[1–84]) in patients with hypoparathyroidism providing greater ease of maintaining serum calcium and reducing
urinary calcium excretion (desirable to protect any renal damage).
However, PTH therapy for the treatment of hypoparathyroidism is
not approved as of yet.
Hypomagnesemia Severe hypomagnesemia (<0.4 mmol/L; <0.8 meq/L)
is associated with hypocalcemia (Chap. 423). Restoration of the totalbody magnesium deficit leads to rapid reversal of hypocalcemia. There
are at least two causes of the hypocalcemia—impaired PTH secretion
and reduced responsiveness to PTH. For further discussion of causes
and treatment of hypomagnesemia, see Chap. 423.
The effects of magnesium on PTH secretion are similar to those of
calcium; hypermagnesemia suppresses and hypomagnesemia stimulates PTH secretion. The effects of magnesium on PTH secretion are
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normally of little significance, however, because the calcium effects
dominate. Greater change in magnesium than in calcium is needed to
influence hormone secretion. Nonetheless, hypomagnesemia might be
expected to increase hormone secretion. It is therefore surprising to
find that severe hypomagnesemia is associated with blunted secretion
of PTH. The explanation for the paradox is that severe, chronic hypomagnesemia leads to intracellular magnesium deficiency, which interferes with secretion and peripheral responses to PTH. The mechanism
of the cellular abnormalities caused by hypomagnesemia is unknown,
although effects on adenylate cyclase (for which magnesium is a cofactor) have been proposed.
PTH levels are undetectable or inappropriately low in severe hypomagnesemia despite the stimulus of severe hypocalcemia, and acute
repletion of magnesium leads to a rapid increase in PTH level. Serum
phosphate levels are often not elevated, in contrast to the situation
with acquired or idiopathic hypoparathyroidism, probably because
phosphate deficiency is often seen in hypomagnesmia (Chap. 393).
Diminished peripheral responsiveness to PTH also occurs in some
patients, as documented by subnormal response in urinary phosphorus and urinary cAMP excretion after administration of exogenous
PTH to patients who are hypocalcemic and hypomagnesemic. Both
blunted PTH secretion and lack of renal response to administered
PTH can occur in the same patient. When acute magnesium repletion is undertaken, the restoration of PTH levels to normal or supranormal may precede restoration of normal serum calcium by several
days.
TREATMENT

Hypomagnesemia

Repletion of magnesium cures the condition. Repletion should be
parenteral. Attention must be given to restoring the intracellular
deficit, which may be considerable. After IV magnesium administration, serum magnesium may return transiently to the normal range,
but unless replacement therapy is adequate, serum magnesium will
again fall. If the cause of the hypomagnesemia is renal magnesium
wasting, magnesium may have to be given long-term to prevent
recurrence (Chap. 423).
PTH INEFFECTIVE
PTH is not sufficiently active to fully prevent hypocalcemia (although
retaining phosphaturic activity, for example). This problem occurs
when the PTH1R–signaling protein complex is defective (as in the different forms of pseudohypoparathyroidism [PHP], discussed below);
when PTH action to promote calcium absorption from the diet via the
synthesis of 1,25(OH)2D is insufficient because of vitamin D deficiency
or because vitamin D is ineffective (defects in vitamin D receptor or
vitamin D synthesis); or in CKD in which the calcium-elevating action
of PTH is impaired.
Typically, hypophosphatemia is more severe than hypocalcemia in
vitamin D deficiency states because of the increased secretion of PTH,
which, although only partly effective in elevating blood calcium, is
readily capable of promoting urinary phosphate excretion.
PHP, on the other hand, has a pathophysiology that is different
from the other disorders of ineffective PTH action. PHP resembles
hypoparathyroidism (in which PTH synthesis is deficient) and is
manifested by hypocalcemia and hyperphosphatemia, yet elevated
PTH levels. The cause of the disorder is defective PTH-dependent
activation of the stimulatory G protein complex or the downstream
effector protein kinase A, resulting in failure of PTH to increase
intracellular cAMP or to respond to elevated cAMP levels (see
below).
Chronic Kidney Disease Improved medical management of CKD now
allows many patients to survive for decades and hence allows time
enough to develop features of renal osteodystrophy, which must be
controlled to avoid additional morbidity. Impaired production of
1,25(OH)2D is now thought to be the principal factor that causes calcium deficiency, secondary hyperparathyroidism, and bone disease;
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