[image: image1.jpg]Author(s): Aken Desai, Michael Mathis, 2009

License: Unless otherwise noted, this material is made available under
the terms of the Creative Commons Attribution — Share Alike 3.0
License: http://creativecommons.org/licenses/by-sa/3.0/

We ave reviewsd i materil 1 accrdance with U Copyrgnt Lo
share,snd adapt .

hve i 1o msimizeyour sbilty o e,

Conyrgh holdes of cntant ncluce i this mteria shuld contact apen.michigan@urich e it any questors,
comections,or darfcaton fegarding the use o content.

o more formation about how t e thse materials sl et/ fopenumic eduedcationabot s ofuse.
Student works e prsented asis and may b n nerpretstion f fcty mermber lectures o assgnmants. These

Student works s not  product offculty members. oy d ot uarantee the sccuracyof student work orendorse
them n any way.

iy medicaIformaion i thi ot i ntended o nforr nd ecucste and < ot  tolfor self-disgnoss or 3
Teplacement for medical evaluation,adice, dagaosi o rasment by 3 heakhere rofesslonl lesse shesk 1041
Physician 1y have uestonssbout yourmedicl condtn.

Viewsr

dsreionis adised: Seme el conent s graphic nd y na b sl for alliewers

IMUNIVERSITY OF MicHIGAN (9 DO





Calcium Metabolism – don’t forget to look at Grekin’s own notes!

Calcium 

· Active Form - ionized Ca++, less than 50% ionized, rest bound to albumin

· Measured Level - total Ca++, mostly bound to albumin ( correlates well with ionized Ca++
· Albumin Change - will screw up correlation to ionized Ca++
· Rule of Thumb - a 1.0 gm/dL change in albumin results in a 0.8 gm/dL change in ionized Ca++ (make sure correct for abnormal albumin levels
· Vs. Phosphate - both are nearly saturated in serum ( thus rise in one = fall in other
· Absorption - nearly 100%; in duodenum and jejunum; increased by Vit D
· Excretion - renal, regulated by Pth
· Alkalosis - will cause ionization to decrease ( hypocalcemia
· Absorption - ingest ~1gm/day, but only 10-20% absorbed
· Vitamin D - will promote calcium absorption
· Reabsorption/Excretion - 99% of renal filtered Ca++ reabsorbed:
· Proximal Tubule - Ca++ reabsorption linked to Na+ reabsorption, will follow Na+
· Distal Tubule - Ca++ reabsorption controlled by PTH - will promote calcium reabsorption
Phosphorus 

· Hydroxyapatite - phosphorus present in skeleton as HA, widely distributed in macromolecules

· Absorption - ingest through GI tract, primarily jejunum
· Vitamin D - will promote phosphorus absorption

· Reabsorption/Excretion - controlled by PTH - will promote phosphorus excretion
PTH 
· PTH - acts to promote Ca++ reabsorption, but phosphorous excretion 

· Regulation - regulated by serum Ca++, phosphorus, & Vit. D:

· Serum Ca++ - will inhibit PTH release through binding to inhibitory receptors on Chief cells
· Serum Phosphate - has to be really high in order to stimulate PTH
· Vit. D - will inhibit PTH release
· PTH Renal - will inhibit phosphate reabsorption (prox. tub.), increase Ca++ reabsorption (dist. tub.)

· Vit. D - will also increase 1α-hydroxylation of Vit. D (think follows Ca++) in kidney

· cAMP - mediator of PTH effects

· Chronic PTH - will initially decrease urine Ca++ (reabsorption), but then increase (hyperCa++)

· PTH Bone - will “trash phosphates” ( thus osteoclastic osteolysis ( increased Ca/PO4 release

· Pulsatile administration - will paradoxically increase bone density (due to remodeling)
· PTH GI - will promote Ca++ and PO4 absorption by increasing vitamin D production
Vitamin D 

· Input - get Vitamin D from storage in skin, as well as fortified milk, cereal, etc.

· Action - likes both Ca++ and phosphate (unlike PTH, which only likes Ca++):

· Absorption - stimulates both Ca++ and phosphate absorption

· Bone - in high doses will stimulate resorption

· PTH - will inhibit PTH secretion
· Formation - 7-hydro-cholesterol ( (UV) Vit. D ( (Liver) 25(OH) Vit. D ( (Kidney) 1-25(OH)2 Vit. D

· Regulated Step - final step (1α-hydroxylation in kidney)
· Promotion - high PTH, high phosphates

· Inhibition - too much 1-25(OH)2 Vit. D end product
Calcitonin 
· Calcitonin - 32 AA peptide made in C cells of thyroid

· Action - will lower (tone) serum Ca++ by inhibiting osteoclasts; thought to be vestigial in humans
· Marker - high calcitonin can indicate thyroid medullary carcinoma
· Tx - can be used in hypercalcemia, Paget’s disease, osteoporosis
Primary Hyperparathyroidism 
· 1o HyperPTH - a syndrome resulting from hyperactive PTH, (thus will have high serum Ca++ as result)

· Vs. 2o HyperPTH - 2o will have hyperactive PTH due to low serum Ca++
· Prevalence - most common in elderly women
· Cause - usually from benign adenoma, but can also be hyperplasia (MEN Type 1,2)
· Sx - most commonly ASx, but can have renal, bone, GI, neurologic manifestations:

· Renal - kidney stones, hyposthenuria (inability to conc. urine = nephrogenic DI), renal failure

· Bone - pain, pathologic fracture

· GI - anorexia, nausea/vomiting, constipation

· Neurologic - lethargy, weakness, tremor

· Labs/Dx - will have high PTH and Ca++, normal to high urine Ca++, low PO4, and high alkaline phosphatase
· Tx - do nothing if ASx, surgical removal if  symptomatic; also calcium receptor agonist (cinacalcet; PTH off)
· Recovery - atrophied remaining glands need to be jump-started, help wean with Ca++ supplement
Hypercalcemia of Malignancy 
· PTH-Related Peptide (PTHrP) - some tumors make this PTH analog, binds to PTH receptor ( HyperCa
· Carcinomas - PTHrP most commonly made in SCC of lung or head/neck
· PTH Similarilty - 8 of first 13 AAs in PTHrP same as PTH

· Cytokine-Mediated Hypercalcemia - large amounts of cytokines can induced hypercalcemia:
· Etiology - most common in multiple myeloma and lymphoma patients, as well as breast cancer
· Mechanism - cytokines induce bone breakdown (think holes in skull) ( HyperCa
· Duration/Severity - above hypercalcemias of malignancy are acute onset:
· Acute onset - causes CNS/GI predominance of Sx (disoriented/coma, volume depletion
· Chronic onset - primary hyperparathyroidism ( involves kidney stones, bone disease…

· Tx Severe Hypercalcemia - give hydration w/ saline, pamidronate/zoledronate IV, other Tx:
· Saline Hydration - prevents more Ca++ resorption with renal Na+
· Pamidronate/Zoledronic Acid IV - bisphosphonates ( block bone breakdown, delayed effect

· Other Tx - include loop diuretics (Ca++ excretion ascending limb, but hypotension worry); gallium nitrate, calctonin
Hypervitaminosis D 
· Hypervitaminosis D - an excess of vitamin D

· Etiology - from granulomatous disease, lymphoma, or Rx:

· Granulomatous Disease - TB, histoplasmosis, sarcoidosis ( M-phage/PMN hydroxylase active
· Lymphoma - cytokine-mediated excess vit. D (macrophage/PMN hydroxylase activity)

· Vitamin D Excess - overdose in hypo-PTH Tx, or megavitamins

· Therapeutic Index - pretty large; need to vastly exceed Ca++ absorption limit

· Pathophys - moderate hyperabsorption of calcium leads to Pth levels decreasing and hypercalciuria ( normal serum Ca; severe hyperabsorption ( hypercalcemia if renal excretory capacity is exceeded
· Sx - similar to hyper-PTH, except no bone disease Sx (low PTH here, no bone breakdown)

· Tx - kill disease if present, saline infusion (enhance Ca++ excretion), glucocorticoids (antagonize Vit. D)
Hypoparathyroidism & Pseudohypoparathyroidism 
· Hypoparathyroidism - will have a hypoactive parathyroid gland ( low PTH ( low Ca++, high PO4
· Pseudohypoparathyroidism - will have a PTH resistance ( high PTH, but still low Ca++, high PO4
· Sx - most commonly neuromuscular irritability, twitching, tetany, convulsions

· Chvostek Sign - test for Ca++ ( hyperirritable ( tap on TMJ, corner of mouth will twitch
· Trousseau Sign - can induce tetany with blood pressure cuff on forearm 5 minutes
· Labs - have low serum Ca++, high phosphate, and (low PTH = hypoPTH)/(hi PTH = pseudohypoPTH); basal ganglion calcification
· Tx - give PTH (short half-life and $$), or high dose Vitamin D & calcium supplements (for pseudo)
Vitamin D Deficiency 
· Etiology - from inadequate intake/sunlight, malabsorption, or severe liver disease, renal failure

· Liver disease - can’t 25-hydroxylate to 25(OH) Vit. D
· Renal failure - can’t 1-hydroxylate to 1,25-(OH)2 Vit. D
· Pathogenesis - lack of vitamin D causes:
· Decreased absorption in GI tract
· Calcium depletion - only PTH can stimulate Ca++ reabsorption, but at expense of…
· 2o Hyperparathyroidism - very elevated PTH to hold Ca++, but have hypo-PO4, bone resorption

· Osteopenia - from lack of PO4 due to excess PTH
· Hypocalcemia - only in severe cases, where even PTH not enough to hold Ca++ constant
· Sx - most commonly bone pain/pathologic fractures, decreased bone density
· Labs - include hypophosphatemia, increased PTH, increased alkaline phosphatase (bone breakdown)
· Tx - involves vitamin D replacement/sunlight, or 1,25(OH)-cholecalciferol for renal failure
Secondary Hyperparathyroidism 
· Etiology - increased PTH in response to low calcium level

· Causes - common in renal failure, vitamin D deficiency ( can’t absorb Ca++ properly

· Sx - most commonly bone pain/pathologic fractures, decreased bone density
· Tx - treat underlying cause:

· Renal failure - give phosphate binders (prevent hyper-PO4), calcitriol (since can’t hydroxylate); cinacalcet
· Hyperparathyroidism - give paracalcitol, or surgery:

· Paracalcitol - Vit. D analog w/ PTH suppression, but no Ca++ change

· Surgery - subtotal parathyroidectomy
