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CLINICAL PRACTICE

Hypoparathyroidism
Dolores Shoback, M.D.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

A 58-year-old man is found on laboratory testing to have a serum calcium level of
6.0 mg per deciliter (1.5 mmol per liter) (normal range, 8.5 to 10.5 mg per deciliter
[2.1 to 2.6 mmol per liter]), an albumin level of 3.9 g per deciliter, and a phosphorus
level of 6.0 mg per deciliter (1.94 mmol per liter) (normal range, 2.5 to 4.5 mg per
deciliter [0.81 to 1.45 mmol per liter]). His medical history is notable only for long-
standing hearing difficulties. He reports no history of neck surgery and no throat
tightness, muscle cramps, paresthesias, or seizures. His father and sister, who are
both deceased, had kidney disease. On physical examination, both Chvostek’s and
Trousseau’s signs are negative. His ionized calcium level is 0.75 mmol per liter (nor-
mal range, 1.10 to 1.32). How should his case be further evaluated and treated?

THE CLINICAL PROBLEM

Hypocalcemia, defined as low serum levels of albumin-corrected total calcium or
of ionized calcium, is a common clinical occurrence and has many potential causes.
Viewed broadly, hypocalcemia results from inadequate parathyroid hormone (PTH)
secretion or receptor activation, an insufficient supply of vitamin D or activity of the
vitamin D receptor, abnormal magnesium metabolism, or clinical situations in
which multiple factors (e.g., pancreatitis, sepsis, and critical illness) play contribut-
ing roles. Hypocalcemia can present dramatically as tetany, seizures, altered mental
status, refractory congestive heart failure, or stridor. The duration, severity, and rate
of development of hypocalcemia determine the clinical presentation. Neuromuscu-
lar symptoms are typically the most prominent; these symptoms include muscle
cramping, twitching, and spasms; circumoral and acral numbness and paresthesias;
laryngospasm; bronchospasm; and even seizures. Other complications include pre-
mature cataracts, pseudotumor cerebri, and calcifications of the basal ganglia.
Cardiac function may be affected, manifested by a prolonged QT interval corrected
for heart rate (QTc) on electrocardiographic examination and, in rare cases, de-
pressed systolic function and heart failure. Especially if the disturbance is chronic,
patients with remarkably low levels of ionized calcium may be asymptomatic.

STRATEGIES AND EVIDENCE

DIFFERENTIAL DIAGNOSIS

Hypoparathyroidism causes hypocalcemia because PTH secretion is inadequate to
mobilize calcium from bone, reabsorb calcium from the distal nephron, and stimu-
late renal la-hydroxylase activity; as a result, insufficient 1,25-dihydroxyvitamin D
(1,25[0OH], vitamin D) is generated for efficient intestinal absorption of calcium
(Fig. 1). Hypoparathyroidism can be congenital or acquired*3 (Table 1).
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Figure 1. Control of Mineral Metabolism by Parathyroid Hormone.

Levels of serum ionized calcium (Ca**) are tightly controlled through

the action of parathyroid hormone (PTH) and 1,25-dihydroxyvitamin D
(1,25[0OH],D). Both the rate and magnitude of changes in the serum ion-
ized Ca®* concentration are detected by extracellular calcium-sensing re-
ceptors (CaSRs) expressed on parathyroid cells. When ionized Ca** levels
decrease, the release of PTH secretion is triggered. Conversely, when ion-
ized Ca** levels increase, PTH secretion is suppressed. PTH stimulates
bone resorption, which delivers calcium and phosphorus (PO,*") into the
circulation. In the kidney, PTH stimulates renal reabsorption of calcium
and promotes phosphate excretion. PTH also enhances the conversion

of 25-hydroxyvitamin D (25[OH]D) to the active vitamin D metabolite
1,25(0OH),D, which increases the transepithelial transport of calcium and
PO,2" through actions in intestinal cells. In concert, these steps restore
ionized Ca>* levels to the normal range, and, through the actions of PTH
and other factors (e.g., fibroblast-derived growth factor 23) in the kidney,
reset the level of serum PO,3~ within the normal range. When the actions
of PTH are reduced or lost, all subsequent steps in the maintenance of
homeostasis are impaired, resulting in hypocalcemia, hyperphosphatemia,
and hypercalciuria.
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Acquired hypoparathyroidism is most com-
monly the result of inadvertent removal or irre-
versible damage to the glands, usually to their
blood supply, during thyroidectomy, parathyroi-
dectomy, or radical neck dissection. Definitions
of permanent postsurgical hypoparathyroidism
vary, but the definition is generally accepted to
be insufficient PTH to maintain normocalcemia

6 months after surgery. Hypoparathyroidism is
estimated to occur after approximately 0.5 to 6.6%
of total thyroidectomies; the rates of this com-
plication are even higher in some case series,
whereas reported rates at endocrine surgical cen-
ters with high volumes are 0.9 to 1.6%.252% The
occurrence of hypoparathyroidism depends on
the surgeon’s experience, extent of thyroid resec-
tion and nodal dissection for cancer, and under-
lying thyroid disease, with the presence of sub-
sternal goiter, cancer, or Graves’ disease increasing
the risk. The risk is also greater if one or more
parathyroid glands are not identified intraopera-
tively and if the procedure is a reoperation.

Parathyroid secretory reserve is ample, so con-
siderable damage must occur before hypoparathy-
roidism develops. It is estimated that one normal
gland is sufficient for maintaining PTH levels and
serum calcium homeostasis. Immune-mediated
destruction of the parathyroid glands can be ei-
ther isolated or part of autoimmune polyendo-
crine syndrome type 1 (APS-1). Hypoparathyroid-
ism may also be caused by accumulation in the
parathyroid glands of iron (hemochromatosis or
transfusion-dependent thalassemia)>” or copper
(Wilson’s disease)® or (in rare cases) by iodine-
131 therapy for thyroid diseases? or metastatic
infiltration of the parathyroid glands by tumor3°
(Tables 1 and 2).

Magnesium depletion or excess may cause
hypocalcemia by inducing functional hypopara-
thyroidism.>##-4¢ Magnesium is essential for PTH
secretion and activation of the PTH receptor by
ligand. In hypomagnesemia, PTH levels are in-
appropriately low or in the lower portion of the
normal range, in the presence of usually mild
hypocalcemia, because the parathyroid is unable
to secrete sufficient hormone, and renal and skel-
etal responses to PTH are blunted. In rare in-
stances, when magnesium is administered par-
enterally (e.g., in tocolytic therapy) or accumulates
because of renal insufficiency and serum mag-
nesium levels rise, PTH secretion is inhibited.*#45
Magnesium, like calcium, can activate extracel-
lular calcium-sensing receptors and suppress
PTH release.*” Once the magnesium status is cor-
rected, the capacity to secrete PTH and respond
to it resumes.

Genetic disorders must also be considered as
a possible cause of hypocalcemia. The DiGeorge,
or velocardiofacial, syndrome, due to microdele-
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tions of chromosome 22q11.2, affects 1 in 4000
to 5000 live births.3°-4* Activating mutations in
the extracellular calcium-sensing receptor are
also frequently identified in patients with inher-
ited hypoparathyroidism and are manifested as
autosomal dominant hypocalcemia at any age
(Tables 1 and 2).1°-13 Mutations in the pre-proPTH
gene and in transcription factors that control
parathyroid gland development are rare but shed
light on basic developmental mechanisms.?1518
Familial hypoparathyroidism due to dysgenesis of
the parathyroid glands results from mutations in
the transcription factors GCMB (glial cells miss-
ing B) or GCM2 (glial cells missing 2)'*2* and
GATA32:322,23 gnd possibly the transcription fac-
tor SOX3 (Sry-box 3) (Tables 1 and 2).3* Other
disorders that include hypoparathyroidism are
the hypoparathyroidism, retardation, and dysmor-
phism syndrome and disorders due to mitochon-
drial-gene defects (Table 2).2:3,36-38,42,43

EVALUATION
Review of the patient’s medical and family his-
tories may suggest the cause of hypocalcemia.
A history of neck surgery suggests that parathy-
roid function may have been compromised by the
surgical procedure. A family history of hypocal-
cemia suggests a genetic cause (Table 2). The
presence of other autoimmune endocrinopathies
(e.g., adrenal insufficiency) or candidiasis prompts
consideration of autoimmune polyendocrine syn-
drome type 1.323* Immunodeficiency and other
congenital defects point to the DiGeorge syn-
drome (Table 2).39-41

Physical examination should include an assess-
ment of neuromuscular irritability by testing for
Chvostek’s and Trousseau’s signs. Chvostek’s sign
is elicited by tapping the cheek (2 cm anterior to
the earlobe below the zygomatic process) over the
path of the facial nerve. A positive sign is ipsi-
lateral twitching of the upper lip. Trousseau’s sign
is elicited by inflating a sphygmomanometer
placed on the upper arm to a level above the
systolic blood pressure for 3 minutes. A positive
sign is the occurrence of a painful carpal spasm.
The skin should be examined carefully for a neck
scar (which suggests a postsurgical cause of hypo-
calcemia); for candidiasis and vitiligo (which are
suggestive of APS-1); and for generalized bronz-
ing and signs of liver disease (which are sugges-
tive of hemochromatosis). Features such as growth

failure, congenital anomalies, hearing loss, or
retardation point to the possibility of genetic
disease.

Laboratory testing should include measure-
ments of serum total and ionized calcium, albu-
min, phosphorus, magnesium, creatinine, intact
PTH, and 25-hydroxyvitamin D (25[OH] vitamin
D) levels. Albumin-corrected total calcium is cal-
culated as follows:

Corrected total calcium=measured total calcium
+0.8 (4.0—serum albumin),

where calcium is measured in milligrams per
deciliter and albumin is measured in grams per
deciliter. Hypoparathyroidism is diagnosed when
the intact PTH level is normal or inappropriately
low in a patient with subnormal serum albumin
corrected total or ionized calcium values, after
hypomagnesemia has been ruled out. Serum
phosphorus levels are usually high or at the high
end of the normal range. Patients with pseudohy-
poparathyroidism have a laboratory profile that
resembles that in patients with hypoparathyroid-
ism (i.e., low calcium and high phosphorus lev-
els), but they have elevated PTH levels (Table 1).
It may be difficult to rule out hypomagnesemia
as the cause of or a contributor to hypocalcemia
because the serum magnesium level may be nor-
mal, even when intracellular magnesium stores
are reduced. Once magnesium depletion progress-
es, however, serum levels decrease to subnormal
levels. In general, if the primary disturbance is
magnesium depletion, serum calcium levels are
only slightly decreased. Intact PTH is often de-
tectable but inappropriately low.

Measurement of 25(0OH) vitamin D levels is
essential to rule out vitamin D deficiency as a
contributor to or cause of hypocalcemia. In clas-
sic vitamin D deficiency, intact PTH levels are
elevated, and serum phosphorus levels are low
or at the low end of the normal range, in marked
contrast to the high levels in hypoparathyroidism.
Measurement of 1,25(0H), vitamin D levels is
generally not necessary in the initial evaluation
of patients with hypoparathyroidism.

Measurements of urinary calcium, magne-
sium, and creatinine in a 24-hour collection can
also be helpful in the diagnosis of hypoparathy-
roidism. Low urinary calcium levels may be pres-
ent in both severe hypocalcemia due to hypo-
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Resistance to PTH action;;

Bastepe®*

Pseudohypoparathyroidism

with maternal transmission of the biochemical phenotype; blunted urinary cyclic AMP response to ad-
ministration of PTH; a majority of patients have heterozygous inactivating mutations in the gene en-

hypogonadism occurs as a result of gonadotropin resistance; autosomal dominant inheritance pattern
coding the G- subunit protein (the GNAS gene)

brachydactyly, ectopic ossifications), hypocalcemia, hyperphosphatemia, and elevated PTH levels; hy-
pothyroidism develops in a majority of patients because of thyrotropin resistance and less frequently

Clinical features include AHO (round facies, mental retardation, frontal bossing, short stature, obesity,

Type la

No features of AHO, but same biochemical features as pseudohypoparathyroidism type 1a, including

blunted urinary cyclic AMP response to administration of PTH; caused by selective resistance to PTH

(not to other hormones) and by imprinting defects in GNAS

Less common than pseudohypoparathyroidism type la or 1b but with same biochemical profile; inherited

or sporadic occurrence; cause of PTH resistance is unclear; patients have normal urinary cyclic AMP

but no phosphaturic responses to PTH

* AHO denotes Albright’s hereditary osteodystrophy, CaSR extracellular calcium-sensing receptor, GCMB glial cells missing B, GCM2 glial cells missing 2, and PTH parathyroid hormone.

T The frequency of each of the diagnoses is difficult to establish because there are few large contemporary series of patients. The three most common causes appear to be postsurgical

hypoparathyroidism, autoimmune polyendocrine syndrome type 1, and autosomal dominant hypocalcemia due to activating CaSR mutations.*
T Resistance lies in the pathway that couples receptor activation to the effector adenylate cyclase. These disorders must be considered in the initial evaluation of patients with hypocalce-

mia, especially if hyperphosphatemia is present. Once the intact PTH value is shown to be elevated and vitamin D deficiency or resistance is ruled out, the diagnosis of resistance to

PTH action (not impaired PTH secretion) is established.

parathyroidism and in vitamin D deficiency. In
patients with hypocalcemia due to activating mu-
tations in the extracellular calcium-sensing recep-
tor, the ratio of 24-hour urinary calcium to crea-
tinine has been reported to be substantially
higher than in patients with other types of hypo-
parathyroidism (mean value in one report, 0.362
vs. 0.093) and more like that in controls with
normocalcemia (mean value, 0.331).12

If magnesium deficiency is detected, it is use-
ful to measure the 24-hour urinary magnesium
level before repletion is initiated. Elevated or
even detectable urinary levels of magnesium sug-
gest renal losses as the cause of magnesium de-
pletion, since the kidney should conserve magne-
sium when body stores are depleted (Table 1).

Specialized testing (available in hospital or
reference laboratories) may be warranted to es-
tablish the cause of hypoparathyroidism. This
testing may include gene sequencing for the ex-
tracellular calcium-sensing receptor, GATA3, or
the autoimmune regulator protein; microarray
studies or fluorescence in situ hybridization to
diagnose the DiGeorge syndrome; and other hor-
mone measurements to diagnose autoimmune
polyendocrine syndrome type 1. In many cases,
referral to a pediatric or adult endocrinologist or
geneticist is indicated.

TREATMENT AND CLINICAL MONITORING
The goals of therapy are to control symptoms
while minimizing complications. The urgent care
of patients with hypocalcemia should be guided
by the nature and severity of the symptoms and
the level of serum calcium.#48-51 Severe symp-
toms (e.g., seizures, laryngospasm, bronchos-
pasm, cardiac failure, and altered mental status)
warrant intravenous calcium therapy, even if the
serum calcium level is only mildly reduced (e.g.,
7.0 to 8.0 mg per deciliter [1.75 to 2.00 mmol per
liter]). In such cases, the decrease in the serum
calcium level may have precipitated the symp-
toms, and patients usually have immediate, sub-
stantial relief of symptoms with intravenous ther-
apy (Table 3). Patients with congestive heart failure
due to chronic hypocalcemia require additional
medical treatment (e.g., supplemental oxygen and
diuretics). Intravenous calcium therapy is also rec-

= ~ ommended in such patients, even though cardiac
E& E& symptoms may resolve more slowly.

Intravenous calcium injections raise the level

of serum calcium transiently; continuous infu-
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sions should follow to fully control symptoms
and achieve safe and stable ionized calcium lev-
els, usually above 1.0 mmol per liter. In the short
term, the serum ionized calcium level should be
measured frequently in order to monitor therapy
(e.g., every 1 to 2 hours initially, while the infu-
sion rate is being adjusted and until the patient’s
condition has stabilized, and then every 4 to
6 hours). The recurrence of symptoms caused
by hypocalcemia may indicate the need to in-
crease the infusion rate and should be correlated
with a simultaneous ionized calcium value to as-
sess the progress of treatment. Oral calcium and
vitamin D therapy should be initiated as soon as
practical (Table 3). Intravenous infusions are
generally tapered slowly (over a period of 24 to
48 hours or longer) while oral therapy is adjust-
ed. Patients with low calcium levels (e.g., total
calcium, <7.0 mg per deciliter [<1.75 mmol per
liter]) but minimal symptoms or none can often
be treated as outpatients, with prompt initiation
of oral calcium and vitamin D supplementation
(preferably with calcitriol, because of its rapid on-
set of action) and close (daily) follow-up (Table 3).
However, it is common in many institutions for
patients with dramatically low serum calcium
levels (even without symptoms) to be admitted
for observation while treatment and a diagnostic
workup are initiated. Oral therapy is appropriate
in patients with mildly reduced serum total cal-
cium levels (7.5 to 8.0 mg per deciliter [1.87 to
2.00 mmol per liter]) who have symptoms, even
if they are nonspecific ones (e.g., fatigue, anxiety,
and reduced well-being) because these symptoms
may improve with treatment.

Vitamin D metabolites and analogues are es-
sential to the management of hypoparathyroid-
ism (Table 3).448-53 The key complication to
avoid is vitamin D intoxication (hypercalcemia
and hypercalciuria) with its adverse effects on the
renal and central nervous systems. Calcitriol is
preferred (over vitamin D, or D,) because of its
potency and rapid onset and offset of action
(Table 3). Thiazide diuretics can be used to reduce
(or prevent) hypercalciuria caused by calcium
and vitamin D therapy.>* Once the 24-hour uri-
nary calcium level approaches 250 mg, a thiaz-
ide diuretic combined with a low-salt diet can be
added. Hyperphosphatemia may be addressed
by minimizing the patient’s dietary intake of

phosphate (e.g., in meats, eggs, dairy products,
and cola beverages) and, if needed, with phos-
phate binders to control or prevent an unac-
ceptable calcium-phosphate product.

Levels of serum calcium, phosphorus, and
creatinine should be measured weekly to monthly
during initial dose adjustments, with twice-year-
ly measurements once the regimen has been
stabilized. Urinary calcium and creatinine levels
are measured twice yearly to detect any renal
toxic effects of hypercalciuria. The goals of ther-
apy are symptom control, a serum albumin-
corrected total calcium level at the lower end of
the normal range (approximately 8.0 to 8.5 mg
per deciliter [2.00 to 2.12 mmol per liter]), a 24-
hour urinary calcium level well below 300 mg,
and a calcium—phosphate product below 55. High-
er products can lead to precipitation of calcium—
phosphate salts in soft tissues (e.g., kidney, lens,
and basal ganglia). Annual slitlamp and oph-
thalmoscopic examinations are recommended to
monitor for the development of cataracts in all
patients. The kidney is especially vulnerable in
patients with hypoparathyroidism because the
filtered load of calcium increases directly with
increases in the serum calcium level. In the ab-
sence of PTH to promote renal calcium reabsorp-
tion, the additional calcium absorbed must be
excreted through the kidneys.

There are no available data from clinical trials
to show that complications of chronic hypocal-
cemia are preventable with aggressive therapy or
that patients with mildly abnormal biochemical
findings derive benefits from therapy. Clinical
experience, however, indicates that patients with
serum calcium levels near the lower end of the
normal range tend to feel better, with less teta-
ny, muscle cramps, and fatigue, than those with
mild hypocalcemia who are not treated.

AREAS OF UNCERTAINTY

Hypoparathyroidism is one of the few endocrinop-
athies for which hormone-replacement therapy is
not readily available. Only a few small, random-
ized trials have assessed the use of injectable hu-
man PTH (1-34) (Bachem California) in patients
with this condition.#>5 In a 3-year trial compar-
ing PTH (1-34) with calcitriol, both given every
12 hours with supplemental calcium, both treat-
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ments maintained the serum calcium level within
or slightly below the normal range (7.6 to 8.8 mg
per deciliter [1.9 to 2.2 mmol per liter]),* but the
use of PTH resulted in less urinary calcium excre-
tion. Although PTH significantly increased bio-
chemical markers of bone turnover (as compared
with no significant change with calcitriol), there
were no differences in bone mineral density be-
tween the groups.# Creatinine clearances did not
differ significantly between the groups, and they
were stable in both groups during the study. PTH
(1-34) is not approved by the Food and Drug Ad-
ministration for this indication.

Limited data suggest that the quality of life
may be compromised in patients with hypopara-
thyroidism despite treatment to optimize their
biochemical values. In one study involving 25
women at a university center who were treated
with vitamin D and calcium for postsurgical
hypoparathyroidism, scores for somatization,
depression, anxiety, and phobic anxiety were
significantly higher than among age- and sex-
matched controls with intact parathyroid func-
tion after thyroidectomy.>® The effect of PTH
replacement on quality-of-life measures is not
known.

Whereas most patients with mutations in
the extracellular calcium-sensing receptor have
mild hypocalcemia for which no treatment is re-
quired,'®** some have severe, symptomatic hypo-
calcemia necessitating therapy. Because treatment
with calcium and vitamin D in these patients may
exacerbate baseline hypercalciuria and result in
nephrocalcinosis and renal insufficiency, PTH
therapy may warrant particular consideration in
these patients. Several patients have been treated
successfully with PTH therapy, averting hypercal-
ciuria and reduced renal function.* More data,
however, are needed before its use can be recom-
mended in practice. In the future, drugs that
antagonize the extracellular calcium-sensing re-
ceptor (i.e., calcilytic agents), which are in devel-

opment, might be used to stimulate endogenous
PTH in such patients.

GUIDELINES

There are no formal guidelines for the manage-
ment of hypoparathyroidism.

CONCLUSIONS AND
RECOMMENDATIONS

The initial evaluation of a patient with hypocal-
cemia should include a detailed family history
(which may suggest a genetic cause) and relevant
medical history (particularly regarding neck sur-
gery and autoimmune disease). Laboratory test-
ing should include measurements of serum total
and ionized calcium, albumin, phosphorus, mag-
nesium, and intact PTH levels. If the patient has
severe symptoms, therapy with intravenous cal-
cium should be initiated immediately, and the
diagnosis pursued after the patient’s condition
has been stabilized. In the patient described in
the vignette, the hearing deficits and family his-
tory of renal disease suggest the diagnosis of the
syndrome of hypoparathyroidism, deafness, and
renal anomalies. The expectation is that the in-
tact PTH level would be detectable but low. Given
the absence of symptoms in this patient, outpa-
tient treatment with calcium carbonate three
times daily and calcitriol once or twice daily would
be appropriate, with adjustment as needed to
maintain a target level of albumin-corrected se-
rum calcium at the lower end of the normal range
(approximately 8.0 to 8.5 mg per deciliter [2.00 to
2.12 mmol per liter]), a 24-hour urinary calcium
level well below 300 mg, and a calcium—phos-
phate product below 55.

No potential conflict of interest relevant to this article was
reported.

An audio version of this article is available at www.nejm.org.
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