loading, which may contribute to cardiovascular calcifications.
Intravenous calcitriol (or related analogues), administered as several
pulses each week, helps control secondary hyperparathyroidism.
Aggressive but carefully administered medical therapy can often,
but not always, reverse hyperparathyroidism and its symptoms and
manifestations.
Occasional patients develop severe manifestations of secondary
hyperparathyroidism, including hypercalcemia, pruritus, extraskeletal calcifications, and painful bones, despite aggressive medical
efforts to suppress the hyperparathyroidism. PTH hypersecretion
no longer responsive to medical therapy, a state of severe hyperparathyroidism in patients with CKD that requires surgery, has been
referred to as tertiary hyperparathyroidism. Parathyroid surgery is
necessary to control this condition. Based on genetic evidence
from examination of tumor samples in these patients, the emergence of autonomous parathyroid function is due to a monoclonal
outgrowth of one or more previously hyperplastic parathyroid

glands. The adaptive response has become an independent contributor to disease; this finding seems to emphasize the importance of
optimal medical management to reduce the proliferative response
of the parathyroid cells that enables the irreversible genetic change.

Milk-Alkali Syndrome The milk-alkali syndrome is due to excessive
ingestion of calcium and absorbable antacids such as milk or calcium
carbonate. It is much less frequent since proton pump inhibitors
and other treatments became available for peptic ulcer disease. For
a time, the increased use of calcium carbonate in the management of
secondary hyperparathyroidism led to reappearance of the syndrome.

DIFFERENTIAL DIAGNOSIS: SPECIAL TESTS
Differential diagnosis of hypercalcemia is best achieved by using clinical criteria, but immunometric assays to measure PTH are especially
useful in distinguishing among major causes (Fig. 424-6). The clinical
features that deserve emphasis are the presence or absence of symptoms or signs of disease and evidence of chronicity. If one discounts
fatigue or depression, >90% of patients with primary hyperparathyroidism have asymptomatic hypercalcemia; symptoms of malignancy
are usually present in cancer-associated hypercalcemia. Disorders
other than hyperparathyroidism and malignancy cause <10% of cases
of hypercalcemia, and some of the nonparathyroid causes are associated with clear-cut manifestations such as renal failure.
Hyperparathyroidism is the likely diagnosis in patients with chronic
hypercalcemia. If hypercalcemia has been manifest for >1 year, malignancy can usually be excluded as the cause. A striking feature of
malignancy-associated hypercalcemia is the rapidity of the course,
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Aluminum Intoxication Aluminum intoxication (and often hypercalcemia as a complication of medical treatment) in the past occurred in
patients on chronic dialysis; manifestations included acute dementia
and unresponsive and severe osteomalacia. Bone pain, multiple nonhealing fractures, particularly of the ribs and pelvis, and a proximal
myopathy occur. Hypercalcemia develops when these patients are
treated with vitamin D or calcitriol because of impaired skeletal
responsiveness. Aluminum is present at the site of osteoid mineralization, osteoblastic activity is minimal, and calcium incorporation
into the skeleton is impaired. The disorder is now rare because of the
avoidance of aluminum-containing antacids or aluminum excess in
the dialysis regimen (Chap. 429).

Several clinical presentations—acute, subacute, and chronic—have 2479
been described, all of which feature hypercalcemia, alkalosis, and renal
failure. The chronic form of the disease, termed Burnett’s syndrome,
is associated with irreversible renal damage. The acute syndromes
reverse if the excess calcium and absorbable alkali are stopped.
Individual susceptibility is important in the pathogenesis, because
some patients are treated with calcium carbonate and alkali regimens
without developing the syndrome. One variable is the fractional calcium absorption as a function of calcium intake. Some individuals
absorb a high fraction of calcium, even with intakes ≥2 g of elemental
calcium per day, instead of reducing calcium absorption with high
intake, as occurs in most normal individuals. Resultant mild hypercalcemia after meals in such patients is postulated to contribute to
the generation of alkalosis. Development of hypercalcemia causes
increased sodium excretion and some depletion of total-body water.
These phenomena and perhaps some suppression of endogenous PTH
secretion due to mild hypercalcemia lead to increased bicarbonate
resorption and to alkalosis in the face of continued calcium carbonate ingestion. Alkalosis per se selectively enhances calcium resorption
in the distal nephron, thus aggravating the hypercalcemia. The cycle
of mild hypercalcemia → bicarbonate retention → alkalosis → renal
calcium retention → severe hypercalcemia perpetuates and aggravates
hypercalcemia and alkalosis as long as calcium and absorbable alkali
are ingested.

Figure 424-6 Algorithm for the evaluation of patients with hypercalcemia. See text for details. FHH, familial hypocalciuric hypercalcemia;
MEN, multiple endocrine neoplasia; PTH, parathyroid hormone; PTHrP, parathyroid hormone–related peptide.
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