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Endocrine, Parathyroid gland: Hypercalcemia and Hypocalcemia
Hypercalcemia
PTH and calcium regulation (for more information, see: Endocrine, parathyroid, PTH and
calcium regulation)
-

-

-

-

Serum calcium levels are regulated by 3 hormones:
1. PTH
2. Vitamin D (specifically 1,25-(OH)2Vitamin D, aka calcitriol)
3. FGF-23 (this is important in phosphorus regulation, is not well understood, and
will on be further considered in chronic renal failure)
Fasting serum calcium levels reflect the balance between
mobilization from bone and excretion by the kidney, both regulated
by PTH
o Vitamin D mostly regulates gut absorption of calcium, which
affects the body stores of calcium and these are not closely
linked to serum levels.
Preformed PTH is released from vesicles in the chief cells of the
parathyroid gland. Regulation is by the calcium-sensing receptor
(CaSR). Control is very fast and tight.
PTH effects:
o Bone: Only osteoblasts have PTH receptors. Sustained high levels of PTH cause
osteoblast release of RANK-L, which activates and stimulates osteoclasts, with
bone resorption and release of calcium and phosphorus from the hydroxyapatite
crystals.

o Kidney:
 PTH increases all aspects of the active, transcellular reabsorption of calcium
in the distal convoluted tubule, including the calcium channel, intracellular
transport and the sodium/calcium exchanger. (There is also local control of
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paracellular resorption by regulation of the gap proteins, the claudins, by
the CaSR).
PTH upregulates 1α-hydroxylase in the PCT, which converts low activity 25(OH)Vitamin D to high activity 1,25-(OH)2Vitamin D. Vitamin D increases
intestinal absorption of calcium

Approach to hypercalcemia
-

-

-
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In the US, >80% of hypercalcemia is diagnosed in asymptomatic patients when they get
a chemistry panel.
o There was a huge surge in cases in the 1970’s when the first chemistry panels
became available.
o There was a second surge in cases in the 2000’s when screening for osteoporosis
became widespread. A diagnosis of osteoporosis lead to measurements of Ca+2
and PTH.
In the US, over 90% of hypercalcemias are due to 1° hyperparathyroidism or
malignancy. Any diagnostic approach starts by differentiating between these two.
o In an otherwise well individual, 1° hyperparathyroidism is most likely.
o In hospital patients or with very high [Ca+2], (i.e. >13 mg/dL), malignancy is more
likely.
Two things to note about the diagnostic algorithm below:
o Familial hypocalciuric hypercalcemia is not included. In these families, the
decreased sensitivity of the CaSR leads to an asymptomatic mild hypercalcemia,
but PTH is only elevated in about 20% of cases. Diagnosis keys on hypocalciuria.
o Serum phosphate can be useful in establishing a diagnosis. Phosphates are
reabsorbed in the PCT by the NPC (sodium/phosphate channels), which are
inhibited by PTH. Serum phosphate is low in hyperparathyroidism and
malignancies with PTHrP but increased in Vitamin D toxicities (exogenous and
sarcoidosis) and bone breakdown diseases like bone metastases (i.e. osteolytic
lesions) and hyperthyroidism.
o 25-(OH)Vitamin D reflects oral ingestion of Vitamin D. 1,25(OH)2Vitamin D
comes from the action of 1α-hydroxylase, upregulated by PTH. In the setting of a
normal PTH, a chest X-ray looking for lymphoma or sarcoidosis as the source of
the 1α-hydroxylase is warranted.
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Primary versus Secondary Hyperparathyroidism
Primary hyperparathyroidism (1° HPT) is defined as abnormal regulation of PTH by calcium. While
accurate to a fault, this definition does not convey the idea that “primary” means a patient with an ↑Ca+2
and an ↑PTH. Secondary hyperparathyroidism then means that an ↑PTH is needed to maintain a normal
serum calcium. Examples include Vitamin D deficiency, dietary deficiency and renal failure. The usefulness
of this classification breaks down when applied clinically. Where should one put hypercalcemia from
thiazide use? Thiazides decrease the sensitivity of the CaSR, mimicking familial hypocalciuria
hypercalcemia (FHH), which is considered a 1° HPT. Where does malignancy with ↑PTHrP go? Over years,
chronic renal failure, considered to be a 2° HPT, can cause parathyroid gland hyperplasia. This is not
considered to be a 1° HPT, but a 3° hyperparathyroidism.
The best way to use this classification, then
1° HPT: ↑Ca+2/↑PTH, that is expected to be due to abnormal parathyroid gland production (i.e.
adenoma, hyperplasia & carcinoma)
2° HPT: renal failure
3° HPT: when on the renal dialysis service, the only place you should see this.

Primary hyperparathyroidism (i.e. ↑Ca+2/↑PTH)
-

-
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In clinical practice, the term “primary hyperparathyroidism” (1° PHT) is used instead of
the actual parathyroid gland pathology of hyperplasia, adenoma or carcinoma. This is
because the commonest patient presentation is that of an asymptomatic
hypercalcemia, which is then shown to have an elevated PTH.
• The next step in patient management is to decide whether or not surgical
exploration of the parathyroid glands is indicated, because no other diagnostic
tool is as good as open surgical exploration. Many patients require only
observation. If investigation is warranted (see Treatment, below), surgical
excision is the only cure for abnormalities of the parathyroid gland.
• The decision of whether or not to undergo surgical exploration requires an
understanding of the pathophysiology and natural history of 1°
hyperparathyroidism.
Pathophysiology:
A. Hypercalcemia:
 Kidney:
• Nephrocalcinosis: high levels of calcium in the urine lead to deposition
of calcium phosphate crystals in the medulla and interstitial damage.
• Nephrolithiasis: the commonest presentation of hypercalcemia, with a
10-20% incidence of stone formation. There is no predictive test; urine
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calcium levels are often ordered, but there is no data to prove their
worth. In a general population, calcium stones are common, but <5%
are associated with hypercalcemia.
 Neuropsychiatric:
• Weakness and fatiguability are commonly seen. Other symptoms
include mood disorders and cognition dysfunction up to psychosis.
 Gastrointestinal:
• Abdominal pain, constipation and nausea
 Cardiovascular: there is an increase in mortality in 1° HPT that is associated
with hypertension, vascular disease and arrhythmias.
B. Hyperparathyroidism
 Decrease in bone density is associated with HPT, resulting in osteoporosis
and insufficiency fractures (especially hip, vertebra and distal radius).
 End stage bone disease is called osteitis fibrosa cystica, in which bone loss
leaves cystic spaces that can hemorrhage. The resulting hemosiderin
causes the color of these so-called “brown tumors”.
• Bone resorption is first seen as subperiosteal resorption in the middle
phalanges and distal clavicles.
• Risk of insufficiency fracture in best evaluated by the bone density
studies of DXA (i.e. dual X-ray densitometry).
The classic mnemonic for the
symptoms of hyperparathyroidism is:
•
•
•
•

-
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Bones
Stones
Abdominal moans
Psychic groans

Treatment
• The majority of patients with 1° HPT (i.e. ↑Ca+2/↑PTH ) are women over the age
of 50 years who are asymptomatic. Most patients will only require observation.
• Surgery is indicated in all patients with symptoms and/or:
 Kidney stones
 Renal GFR <60 mL/min (i.e. stage 3 renal failure)
 Osteoporosis and/or insufficiency fracture
 Age < 50 years
• Parathyroid surgery includes bilateral exploration of all 4 parathyroid glands,
which is necessary to exclude multiglandular disease (i.e. hyperplasia).
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Parathyroid gland surgery: bilateral exploration
85% of people have 4 parathyroid glands, which means that 1 of 7
patients will have >4. In addition, it is common for parathyroid glands to migrate
with an organ other than the thyroid gland during embryology. This includes the
thymus gland, and so parathyroid glands can be found in the mediastinum.
A typical parathyroid adenoma, the source of the ↑PTH in 85% of
patients, is about 1 cm in diameter. This is too small to detect by palpation.
Imaging techniques lack the necessary sensitivity, hence the need for exploratory
surgery. Intraoperative confirmation of cure is achieved by showing that the
serum PTH level has dropped to normal within 15-20 minutes of the excision
•
•

The commonest pathology is parathyroid adenoma (85%)
Multiple endocrine neoplasia I (MEN I) is seen in 10% of cases and should be
excluded.

Hypercalcemia in malignancy
-

-

6

Hypercalcemia is common in malignancy (20-30%), but occurs later in the disease, usually after
the malignant diagnosis has been established.
The commonest cancers causing hypercalcemia in the US are breast, kidney, lung and multiple
myeloma.
Hypercalcemia is marker of poor prognosis.
Hypercalcemia in cancer has 3 common mechanisms:
o Secretion of parathyroid hormone related peptide (PTHrP) by non-metastatic neoplasm
(80%)
 PTHrP mimics the active portion of PTH, with increased bone resorption and
decreased renal excretion of calcium in the DCT and increased excretion of
phosphates in the PCT.
 PTHrP is not measured in the usual assays of PTH. It has its own assay.
 PTHrP does not usually activate 1α-hydroxylase, so there usually is not an increase
in Vitamin D, specifically 1,25-(OH)2Vitamin D
o Boney metastases with local secretion of cytokines that activate osteoclasts.(15%)
 Activation of osteoclasts can be by multiple proteins, including RANK-L and
various cytokines.
 Rapid resorption of bone leads to lytic lesions, with weakening of the bone
resulting in pain and pathologic fractures.
 The model disease for this is multiple myeloma, which commonly presents with
bone pain in the lumber spine.
o 1.24 (OH)2Vitamin D toxicity from tumoral 1α-hydroxylase
 Seen in lymphomas.
Treatment
o Severe hypercalcemia (i.e. >13 mg/dL) requires treatment to prevent coma, arrhythmia
and metastatic calcification.
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Treatment consists of:
 Hydration
 Calcitonin
 Bis-phosphonates

Vitamin D toxicity
-

-

-

Vitamin D regulates calcium absorption in the gut, with minor effects on bone and kidney.
o In the gut, it increases all aspect of calcium absorption, but especially intracellular
transport
o Vitamin D has widespread effects though out the body, including the immune system,
but these are not yet well defined.
Vitamin D is produced in the skin when exposed to ultraviolet or is absorbed form plant sources
in the diet.

Vitamin D toxicosis cannot come from overexposure of the skin to UV light.
Vitamin D3 toxicosis can occur by excessive use of vitamin pills, but it requires high doses taken
over months
1,25(OH)2Vitamin D toxicosis is most commonly due to an increase in 1α-hydroxylase in the
macrophages of granulomas (e.g. sarcoidosis) and rarely in lymphomas.

Hypercalcemia with medications
Thiazides
-

-

Hypercalcemia is a well-recognized association with thiazide use
Its mechanism is not clear, as the hypercalcemia typically appears after 5 years of use, too late
to reflect an alteration in renal tubular function. Serum calcium levels will often not decrease
with cessation of the medication.
If it is investigated, over 70% of patients will have 1° hyperparathyroidism from a parathyroid
adenoma.

Lithium
-

-
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Lithium used in the treatment of bipolar disorder, has a well-known association with
hypercalcemia and hyperparathyroidism.
o Lithium decreases the sensitivity of the calcium sensing receptor (CaSR), requiring a
higher level of PTH to maintain serum calcium levels
o This is a similar pattern to familial hypocalciuric hypercalcemia.
Lithium has significant renal toxicity, including nephrogenic diabetes insipidus, and interstitial
nephritis.
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Hypocalcemia
A. Hereditary
22q11.2 Deletion syndrome (Parathyroid aplasia)
-

-

-

Introduction
o The 22q11.2 ds is the commonest microdeletion syndrome, seen in 1/4000 births.
o It is now screened for routinely in pregnancy.
o It is characterized by the triad of findings:
 Heart defects
 DiGeorge syndrome
 Hypocalcemia
Pathophysiology
o Most of deletions in chromosome 22 are spontaneous, as the genes in the
region have few copy repeats, making it vulnerable to deletion events.
o The 30 genes in the 22q11.2 region are responsible to the organization of
the pharyngeal arches.
o The thyroid, thymus and parathyroid glands develop from the 4th arch. The
aortic arch and lower face and neck develop off the arches as well.
Presentation:
o DiGeorge syndrome
 There is a wide spectrum of severity and most patients do not have
immunocompromise.
 When there is <1% of the thymus formed, there is a critical loss of T-cells (i.e.
CD3(+) lymphocytes) with a severe combined immunodeficiency that presents
with recurrent sinopulmonary infections in the first years of life.
o Hypoparathyroidism
 Hypocalcemia is seen in 60% of 22q11.2ds, presenting in a spectrum from
jitteriness to tetany and seizures.
 Patients have a ↓PTH, ↓Ca+2 and an ↑phosphorus
o Heart defects
 Seen in >80% of patients, most have a defect that causes congenital cyanosis. The
most common of these is Tetralogy of Fallot (ToF). As many as 25% of ToF have
22q11.2 DS.
o Characteristic facial features
 Elongated face, with the not-so-obvious findings of low set ears, hypertelorism,
broad bridge of nose, down-turned mouth and other abnormalities.

Pseudohypoparathyroidism
-
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A disease caused by a loss of function defect in the G-coupled receptor for PTH in the renal
tubules.
o A defect in the Gsα unit fails to stimulate adenyl cyclase with lack of cyclic AMP.
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This leads to a failure of signal transduction and decreased
McClune-Albright syndrome is due
calcium recovery in the distal convoluted tubule and
to a gain-of-function mutation in the
increased recovery of phosphorus in the proximal convoluted
GNAS gene with overproduction of
tubule.
hormones in addition to skin and
o The defect is in the GNAS gene, and all Gsα organs may show
skeletal abnormalities.
organ hypofunction (TSH, ACTH, FSH/LH, ACTH, GHRF and
glucagon).
The elevated level of PTH can lead to osteoporosis and osteitis fibrosa cystica.
Patients have a distinctive phenotype with short stature, moon facies, dental hypoplasia, and
most memorable, short fourth metacarpal bone. This leads to the “dimple sign” when making a
fist.
o

-

-

Diagnosis:
o Serum: ↓ calcium, ↑PTH, ↑alkaline phosphatase
o Urine PTH → cAMP test. In a normal person, an injection of PTH will cause an ↑cAMP in
the urine as the G-coupled PTH receptor has a working Gsα subunit. Patients with
pseudohypoparathyroidism will show no response.
B. Acquired
Post-total thyroidectomy
-

9

Total thyroidectomy is most commonly indicated for differentiated thyroid cancers >4 cm in
diameter.
During surgery, identification of all four parathyroid glands is mandatory. Also identified is the
recurrent laryngeal nerve.
Post-operative monitoring for hypocalcemia is indicated
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Presentation of Hypocalcemia
Symptoms:
Initially, starts as perioral tingling, followed by cramping. Severe manifestations include
seizures.
Signs:
- Trousseau sign: application of upper arm pressure with a blood pressure cuff
causes carpopedal spasm
- Chvostek sign: tapping of the facial nerve causes ipsilateral twitching of the
facial muscles.
Vitamin D deficiency (for more, see: Bone, Acquired disorders, osteomalacia and rickets)
-

In developed countries, many foods have Vitamin D supplementation, This, together with
Vitamin D production from the skin, means that deficiency is only seen in specific groups.

o
o
o
o
o

Elderly: they make less Vitamin D in their skin; they absorb less and the often have poor
diets.
Northern climates with winter: 1/3 of people living in a Northern latitudes will have
Vitamin C deficiency by March.
Chronic renal failure: see below
Malabsorption: this can be seen in malabsorption conditions like celiac sprue, cystic
fibrosis and gastric by-pass surgery for obesity.
Advanced liver disease: the cholecalciferol produced in the skin or ingested is converted
to 25-(OH)Vitamin D in the liver. Decreased synthesis can occur in cirrhosis.

Acute pancreatitis
-

Lipolysis by free lipase produces free fatty acids that form soaps from available metals. This
includes calcium.
Hypocalcemia is common in acute pancreatitis and is considered to be a poor prognostic
marker.

Hypomagnesemia
-

Magnesium is necessary for the proper functioning of PTH.
Magnesium deficiency is seen in malabsorption and alcoholism.

Chronic renal failure
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-

-

-
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Abnormalities of bone and calcium metabolism are a complex subject, collectively referred to as
“chronic kidney disease: mineral and bone disorders (CKD-MBD)”. What follows is a
simplification that is adequate at the non-specialist level.
With a drop in GFR, as early as Stage 2 failure (i.e. <90mL/min), there is decreased phosphate
excretion. The increase in serum phosphorus triggers both an increase in FGF-23 and an increase
in PTH due to a decrease in serum calcium from its precipitation with the phosphorus.
o This precipitation leads to extraskeletal calcification, especially blood vessels like the
coronary arteries. This is felt to partially explain the ↑cardiovascular risk of chronic
renal disease.
Secondary hyperparathyroidism: While this ↑PTH maintains normal serum calcium and
phosphorus levels, the increase in PTH causes resorption in bone, osteitis fibrosa cystica.
When GFR drops below 40 mL/min (i.e. in late Stage 3 chronic renal failure), ↑PTH and ↑FGF23 are insufficient, and the first measurable changes in serum calcium and phosphorus can be
seen.
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Endocrine, Parathyroid gland: Hypercalcemia and Hypocalcemia
Do You Know It?
1. Draw a figure showing the regulation of calcium and phosphorus by PTH and Vitamin D

2. Show the optimal algorithm for investigation of hypercalcemia.

a. Why does it start with 1° hyperparathyroidism and malignancy?

b. How does one differentiate Vitamin D toxicity from sarcoidosis using calcidiol
and calcitriol?

c. What is the commonest presentation of multiple myeloma?

2/3 present with bone pain, usually in the lumbar spine. 1/3 have a pathologic fracture
and 1/3 have an abnormal chemistry panel. A serum total protein to albumin gap > 4
suggests an increase in globulins. In myeloma, the is the immunoglobulin M-spike.
Presentation of multiple myeloma

3. What is the next best step in the management of a 60 year old woman with a serum
calcium of 10.6 mg/dL (reference range 8.6 – 10.1 mg/dL) who feels well and has no
history of kidney stones and a DEXA score of +0.1?

The patient is >50 years old, has no symptoms and neither of the two commonest
complications (kidney stones and osteoporosis). Watchful waiting would be appropriate.
Investigation and Treatment in 1° HPT
12
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4. What are the three mechanisms of hypercalcemia in malignancy?

5. What is the best way to diagnose Vitamin D toxicity?

6. How is hypercalcemia in lithium treatment similar to familial hypocalciuric
hypercalcemia (FHH)?

7. Describe the pathophysiology of:
a.
b.
c.
d.
e.
f.
g.
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22q11.2 Deletion syndrome
Pseudohypoparathyroidism
Total thyroidectomy
Vitamin D deficiency
Acute pancreatitis
Hypomagnesemia
Chronic renal failure
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