(Table 424-3), reflect the changes over time since the first conference on the topic in 1990. Medical monitoring rather than corrective
surgery is still acceptable, but it is clear that surgical intervention is
the more frequently recommended option for the reasons noted
above. Tightened guidelines favoring surgery include lowering the
recommended level of serum calcium elevation, more careful attention to skeletal integrity through reference to peak skeletal mass at
baseline (T scores) rather than age-adjusted bone density (Z scores),
as well as the presence of any fragility fracture. The other changes
noted in the two guidelines (Tables 424-2 and 424-3) reflect accumulated experience and practical consideration, such as a difficulty
in quantity of urine collections. Despite the usefulness of the guidelines, the importance of individual patient and physician judgment
and preference is clear in all recommendations.
When surgery is not selected, or not medically feasible, there is
interest in the potential value of specific medical therapies. There
is no long-term experience regarding specific clinical outcomes
such as fracture prevention, but it has been established that
bisphosphonates increase bone mineral density significantly without changing serum calcium (as does estrogen, but the latter is not
favored because of reported adverse effects in other organ systems).
Calcimimetics that lower PTH secretion lower calcium but do not
affect bone mineral density.

GENETIC DISORDERS CAUSING HYPERPARATHYROID-LIKE SYNDROMES
Familial Hypocalciuric Hypercalcemia FHH (also called familial benign
hypercalcemia) is inherited as an autosomal dominant trait. Affected
individuals are discovered because of asymptomatic hypercalcemia.
Most cases of FHH (FHH1) are caused by an inactivating mutation in a
single allele of the CaSR (see below), leading to inappropriately normal
or even increased secretion of PTH, whereas another hypercalcemic
disorder, namely the exceedingly rare Jansen’s disease, is caused by
a constitutively active PTH/PTHrP receptor in target tissues. Neither
FHH1 nor Jansen’s disease, however, is a growth disorder of the
parathyroids. Other forms of FHH are caused either by heterozygous
mutations in GNA11 (encoding G11), one of the signaling proteins
downstream of the CaSR (FHH2), or by mutations in AP2S1 (FHH3).
The pathophysiology of FHH1 is now understood. The primary
defect is abnormal sensing of the blood calcium by the parathyroid
gland and renal tubule, causing inappropriate secretion of PTH and
excessive reabsorption of calcium in the distal renal tubules. The CaSR
is a member of the third family of GPCRs (type C or type III). The
receptor responds to increased ECF calcium concentration by suppressing PTH secretion through second-messenger signaling involving the G protein alpha-subunits G11 and Gq, thereby providing
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Jansen’s Disease Activating mutations in the PTH/PTHrP receptor
(PTH1R) have been identified as the cause of this rare autosomal
dominant syndrome. Because the mutations lead to constitutive

activation of receptor function, one abnormal copy of the mutant
receptor is sufficient to cause the disease, thereby accounting for its
dominant mode of transmission. The disorder leads to short-limbed
dwarfism due to abnormal regulation of chondrocyte maturation in
the growth plates of the bone that are formed through the endochondral process. In adult life, there are numerous abnormalities in bone,
including multiple cystic resorptive areas resembling those seen in
severe hyperparathyroidism. Hypercalcemia and hypophosphatemia
with undetectable or low PTH levels are typically observed. The pathogenesis of the growth plate abnormalities in Jansen’s disease has been
confirmed by transgenic experiments in which targeted expression
of the mutant PTH/PTHrP receptor to the proliferating chondrocyte
layer of growth plate emulated several features of the human disorder.
Some of these genetic mutations in the parathyroid gland or PTH
target cells that affect Ca2+ metabolism are illustrated in Fig. 424-5.

CHAPTER 424 Disorders of the Parathyroid Gland and Calcium Homeostasis

OTHER PARATHYROID-RELATED CAUSES OF HYPERCALCEMIA
Lithium Therapy Lithium, used in the management of bipolar depression and other psychiatric disorders, causes hypercalcemia in ~10% of
treated patients. The hypercalcemia is dependent on continued lithium
treatment, remitting and recurring when lithium is stopped and
restarted. The parathyroid adenomas reported in some hypercalcemic
patients with lithium therapy may reflect the presence of an independently occurring parathyroid tumor; a permanent effect of lithium on
parathyroid gland growth need not be implicated as most patients have
complete reversal of hypercalcemia when lithium is stopped. However,
long-standing stimulation of parathyroid cell replication by lithium
may predispose to development of adenomas (as is documented in
secondary hyperparathyroidism and renal failure).
At the levels achieved in blood in treated patients, lithium can be
shown in vitro to shift the PTH secretion curve to the right in response
to calcium; i.e., higher calcium levels are required to lower PTH secretion, probably acting at the calcium sensor (see below). This effect can
cause elevated PTH levels and consequent hypercalcemia in otherwise
normal individuals. Fortunately, there are usually alternative medications for the underlying psychiatric illness. Parathyroid surgery should
not be recommended unless hypercalcemia and elevated PTH levels
persist after lithium is discontinued.
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tivating CaSR mutations have been identified in patients with FHH1.
These mutations lower the capacity of the sensor to bind calcium, and
the mutant receptors function as though blood calcium levels were
low; excessive secretion of PTH occurs from an otherwise normal
gland. Approximately two-thirds of patients with FHH have mutations
within the protein-coding region of the CaSR gene. The remaining
one-third of kindreds may have mutations in the promoter of the CaSR
gene or are caused by mutations in other genes.
Even before elucidation of the pathophysiology of FHH, abundant
clinical evidence served to separate the disorder from primary hyperparathyroidism; these clinical features are still useful in differential
diagnosis. Patients with primary hyperparathyroidism have <99%
renal calcium reabsorption, whereas most patients with FHH have
>99% reabsorption. The hypercalcemia in FHH is often detectable in
affected members of the kindreds in the first decade of life, whereas
hypercalcemia rarely occurs in patients with primary hyperparathyroidism or the MEN syndromes who are age <10 years. PTH may
be elevated in the different forms of FHH, but the values are usually
normal or lower for the same degree of calcium elevation than is
observed in patients with primary hyperparathyroidism. Parathyroid
surgery performed in a few patients with FHH before the nature of
the syndrome was understood led to permanent hypoparathyroidism;
nevertheless, hypocalciuria persisted, establishing that hypocalciuria is
not PTH-dependent (now known to be due to the abnormal CaSR in
the kidney).
Few clinical signs or symptoms are present in patients with FHH,
whereas other endocrine abnormalities are not. Most patients are
detected as a result of family screening after hypercalcemia is detected
in a proband. In those patients inadvertently operated upon for
primary hyperparathyroidism, the parathyroids appeared normal
or moderately hyperplastic. Parathyroid surgery is not appropriate,
nor, in view of the lack of symptoms, does medical treatment seem
needed to lower the calcium. One striking exception to the rule against
parathyroid surgery in this syndrome is the occurrence, usually in
consanguineous marriages (due to the rarity of the gene mutation),
of a homozygous or compound heterozygote state, resulting in severe
impairment of CaSR function. In this condition, neonatal severe
hypercalcemia, total parathyroidectomy is mandatory, but calcimetics
have been used as a temporary measure. Rare but well-documented
cases of acquired hypocalciuric hypercalcemia are reported due to
antibodies against the CaSR. They appear to be a complication of an
underlying autoimmune disorder and respond to therapies directed
against the underlying disorder.

MALIGNANCY-RELATED HYPERCALCEMIA
Clinical Syndromes and Mechanisms of Hypercalcemia Hypercalcemia due
to malignancy is common (occurring in as many as 20% of cancer
patients, especially with certain types of tumor such as lung carcinoma), often severe and difficult to manage, and, on rare occasions,
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