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Hyperparathyroidism
(i) primary hyperparathyroidism
- The most common cause of primary hyperparathyroidism is a parathyroid adenoma (85%).
- Parathyroid hyperplasia affects all glands and is the underlying cause of primary
hyperparathyroidism in 10% of cases. It can be associated with the multiple endocrine
neoplasia I and IIa syndromes. Multiple endocrine neoplasia I includes hyperparathyroidism,
pituitary adenoma, and pancreatic tumors (most commonly insulinomas or gastrinomas).
Multiple endocrine neoplasia IIa includes hyperparathyroidism, medullary carcinoma of the
thyroid, and pheochromocytoma.
- Parathyroid carcinoma is a rare (<1% of cases) cause of primary hyperparathyroidism.
(ii) secondary hyperparathyroidism
- Secondary hyperparathyroidism results from stimuli outside the normal feedback loop.
For example, patients with renal failure have decreased renal conversion of 25hydroxyvitamin D to 1,25(OH)2D, resulting in less calcium absorption. In addition, these
patients have hyperphosphatemia. The cumulative effect is that these patients are
hypocalcemic, and PTH is secreted from the parathyroid glands.
(iii) tertiary hyperparathyroidism
- Tertiary hyperparathyroidism occurs when the parathyroid glands of these patients
become overactive and autonomous from normal negative feedback mechanisms. Patients
who fail medical therapy and acquire tertiary hyperparathyroidism develop clinical
sequelae such as calciphylaxis, and they should be referred for parathyroidectomy.
Hypercalcemia of Malignancy.
- Hypercalcemia of malignancy is most commonly secondary to the inappropriate release
of PTH-related peptide (PTHrp) from tumor cells. This leads to increased bone
resorption and decreased renal calcium excretion.
- PTHrp induced hypercalcemia is associated with squamous cell (e.g., lung), breast, prostate,
and (rarely) colon cancer as well as adult T-cell malignancies and multiple myeloma
Granulomatous Diseases.
- The association between hypercalcemia and granulomatous diseases such as sarcoidosis
occurs secondary to increased 1,25(OH)2D production that is independent from the
normal negative feedback mechanisms.
- Macrophages in granulomas produce 1,25(OH)2D.
- Other granulomatous disease such as tuberculosis, leprosy, coccidioidomycosis, and
histoplasmosis all have been associated with hypercalcemia via a similar pathway.
Diet and Drugs.
- Patients with elevated calcium concentrations should be screened to exclude dietary causes.
Large amounts of supplemental calcium or vitamin D (e.g., in the form of antacids) can cause
hypercalcemia.
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- Mild asymptomatic hypercalcemia discovered on preoperative assessment should be
evaluated further, whereas symptomatic hypercalcemia requires more urgent therapy.
- Pharmacologic agents associated with hypercalcemia should be discontinued; specifically,
digoxin potentiates arrhythmias in the setting of hypercalcemia and should be discontinued.
Fluids and diuretics
- In the setting of hypercalcemia, initial management is medical and promotes the renal excretion of calcium.
- Intravenous fluids, preferably normal saline, are administered at a rapid rate (200-300 mL/hr) to reverse
intravascular volume contraction and promote renal excretion of calcium.
- Loop diuretics are added to the regimen to reduce the risk of volume overload and inhibit calcium
resorption in the loop of Henle. Patients with renal failure often cannot tolerate this large volume resuscitation;
instead, they should be dialyzed with low-calcium dialysate.
Steroids
- Steroids lower calcium by inhibiting the effects of vitamin D. They also have been shown to
decrease intestinal absorption of calcium, increase renal calcium excretion, and inhibit osteoclastactivating factor.
- Steroids are particularly effective in the setting of hypercalcemia secondary to granulomatous
diseases, where hypercalcemia stems from vitamin D toxicity. The initial dose of hydrocortisone is
200-400 mg intravenously per day for 3-5 days.
- Steroids are ineffective in most cases of hypercalcemia associated with malignancy.
Calcitonin
- Calcitonin acts quickly (within 24-48 hrs) to lower serum calcium concentrations and is more
effective when used in combination with steroids.
Bisphosphonates
- Bisphosphonates are pyrophosphate analogs that have a high affinity for hydroxyapatite
in bone. They potently inhibit osteoclast activity for up to a month.
- In the hypercalcemia of malignancy, pamidronate (90 mg intravenously) or zoledronic acid (4 mg
intravenous initial treatment, 8 mg on retreatment) normalizes calcium concentrations in most
patients
- A single dose of a bisphosphonate lowers calcium concentrations, although recent evidence
suggests that zoledronic acid might become the bisphosphonate of choice because of its rapid onset
of action and its ability to lengthen the time to relapse two-fold; however, there also has been an
association between zoledronic acid and compromised renal function.
Surgery
- If a patient is diagnosed with primary hyperparathyroidism, parathyroidectomy can achieve cure.

- Calcium is a highly regulated, ubiquitous cation that has multiple roles in the body.
- changes in intracellular calcium concentration affect a myriad of cell functions,
including cell death or apoptosis; the duration and strength of cardiac muscle
contraction; and smooth muscle contraction in blood vessels, airways, and the uterus
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- Calcium exists in the extracellular plasma in a free ionized state as well as bound to
other molecules.
- "Normal" plasma concentrations of total calcium vary between laboratories, but the
range of (bound and unbound) calcium is 2.2 - 2.5 mmol/L). The biologically inert
bound fraction (55% of the total) binds to proteins.
- Changes in albumin alter total calcium concentrations significantly, since the majority
of protein-bound calcium associates with albumin.
- A small percentage of calcium is associated with other proteins, such as beta-globulins,
or nonprotein molecules such as phosphate and citrate.
- Forty-five percent of the total calcium is biologically active and exists in the ionized
form. Ionized calcium concentrations are inversely affected by the pH of blood; an
increase in pH will decrease the ionized calcium concentration by 0.36 mmol/L, such that
patients with metabolic alkalosis often are hypocalcemic.
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- Gastrointestinal symptoms result from smooth muscle relaxation and include
constipation, anorexia, nausea, and vomiting.
- Neurologically, patients with hypercalcemia can be lethargic, hypotonic,confused, or
even comatose.
- Effects on the kidneys include polyuria, dehydration, and nephrolithiasis. Dehydration
leads to proximal tubule resorption of sodium and calcium in an effort to expand the
extracellular volume, but this paradoxically worsens hypercalcemia
- Hypercalcemia also affects the electric conduction pathways of the heart. Patients
with elevated calcium concentrations have electrocardiographic changes marked by
shortened QTc intervals. In addition, severe hypercalcemia can cause the Osborn,
or J wave, seen at the tail end of the QRS complex, which usually is associated
with hypothermia.
- Increased calcium concentrations also have been shown to cause pancreatitis
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- Patients with hypocalcaemia who are clinically stable can receive oral calcium.
- In emergent situations, 100-200 mg of calcium can be given intravenously as a bolus, and a central
vein should be used whenever possible. One milliliter of calcium chloride provides 27 mg of
elemental calcium, and 1 mL of calcium gluconate gives 9 mg.
- Calcium chloride elevates the calcium concentration after plasmapheresis for longer periods and is
the historically favored calcium replacement because there is a higher dose of elemental calcium in 1mL.
indications for calcium administration:
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- Early symptoms of hypocalcemia include perioral numbness, paresthesias,
muscle cramps, and mild mental status changes such as irritability.
- As hypocalcemia becomes more severe, there can be neuromuscular and cardiac
findings, including Chvostek's and Trosseau's signs, as well as mental status changes,
seizures, tetany, hypotension, and acute heart failure.
- Chvostek's sign is elicited by tapping the facial nerve anterior to the ear, which
produces spasm of the muscles of the face; it has been shown to be positive in 10-30% of
people with normal calcium concentrations.
- Trousseau's sign is positive when pressure on the wrist induced by inflation of a blood
pressure cuff for 3-5 mins or tapping on the median nerve induces carpal spasm.
- Acute hypocalcemia decreases cardiac function by lengthening phase 2 of the
cardiac action potential, which results in prolongation of the ST segment and the
QT interval on electrocardiogram and can lead to VT
- Hypocalcemia can lead to cardiac failure, and this can be reversed with administration
of calcium.

