Hypercalcemia
Serum calcium binds to the CaSR receptor on parathyroid chief cells, which inhibits PTH 
transcription.  When calcium is low, CaSR turns off, and PTH gene transcription/secretion 
increases.  PTH has effects on bone and kidney:

1.  Increased bone resorption via osteoclasts.  This releases calcium and phosphorus.

2.  Increased calcium reabsorption in the renal tubules.


3.  Decreased renal reabsorption of phosphorus.  Causes hyperphosphaturia.


4.  There is phosphaturia but also hypercalciuria simply because of a mass effect.


5.  Increased urinary cAMP.


6.  Increased renal activation of Vitamin D.  Increases GI calcium and phosphorus absorption.
The net effect of low calcium is to increase ECF calcium without increasing ECF phosphorus.

The CaSR is also located in the thick ascending Loop of Henle.  When calcium is low, increased 
K+ cycling increases calcium resorption.
Hypophosphatemia increases renal activation of Vitamin D to boost GI calcium and phosporus 
absorption.  As calcium levels rise a bit, PTH is slightly depressed, which helps boost 
phosphorus levels even more.

Signs of hypercalcemia:


--Renal (hypercalciuria, kidney stones)


--GI (constipation, ulcers)


--Psychiatric (lethargy, anxiety, impaired cognition, confusion)


--Cardiovascular (shortened QT interval)


--Musculoskeletal (weakness, pseudogout)

Causes of hypercalcemia:


--Hyperparathyroidism


--Factitious

	Hypercalcemia

	Hypophosphatemia

	Elevated PTH

	Elevated Vitamin D

	Hypercalciuria

	Hyperphostaphaturia



--Vitamin D intoxication


--Malignancy

--Adrenal insufficiency
Factitious hypercalcemia:  40% of calcium is bound to albumin.  Clinical manifestations only 
reflect ionized calcium.  If albumin binding is altered by pH, total calcium can change 
without changing ionized calcium.  The correction factor is: 



[Normal albumin – Measured albumin](0.8) +[Ca]
Primary Hyperparathyroidism
*Most common cause of hypercalcemia.  Most often caused by adenomas.

Classic signs are “stones, bones, moans, abdominal groans, psychic overtone.”
The first signs in bone are in the phalanges and axial skeleton.
MEN Syndromes:  Both MEN1 and MEN2a present with hyperparathyroidism.
	Hypercalcemia

	Hypophosphatemia

	Slightly elevated PTH

	Hypocalciuria


Familial Hypocalciuric Hypercalcemia  (FHH)
This is an asymptomatic hypercalcemia with slightly high PTH.  
Urinary calcium excretion is low!  

Caused by an inactivating CaSR mutation, raising PTH slightly above normal.
Malignant causes of Hypercalcemia
Malignancy usually causes extreme hypercalcemia and severe symptoms.
1.  Humoral Hypercalcemia of Malignancy (HHM).  This is usually from squamous, kidney, or 
breast cancers which secrete PTH-related protein (PTHrp).  PTHrp acts like PTH.
2.  Hematologic Cancers Metastatic to Bone.  These cancers secrete cytokines such as TNF-α 
and prostaglandins that are “osteoclast activating factors” (OAF).


There will be low PTH, low Vitamin D, and low urine cAMP.
3.  Hematologic Cancers Not Metastatic to Bone.  This is usually a lymphoma, which ectopically 
converts 25(OH)2D to 1,25(OH)2D (the active form of Vitamin D).

There will be high Vitamin D, low PTH, low urinary cAMP.
Vitamin D Intoxication
Caused by granulomatous diseases such as sarcoid and TB.
The granuloma lymphocytes secrete ectopic 1α-hydroxylase, which converts 25(OH)2D to 1,25(OH)2D.  
The conversion is dependent on 25(OH)2D concentration, so patients are very sensitive to dietary 
Vitamin D and sunlight.
There will be high Vitamin D, hypercalcemia, hyperphosphatemia, low PTH, low urinary cAMP.
(Raymond removed images of normal PTH activity and vitamin D intoxication.)









