Disorders of Calcium
Summary
· iCa is the biologically active form of Ca (56%), it regulates itself through: parathyroid chief cells (regulates PTH secretion), thyroid C cells (regulates calcitonin secretion), renal tubular cells (regulates tubular reabsorption rate)
· Main regulation of hypoCa is through increasing PTH and calcitriol
· Main regulation of hyperCa is through decreasding PTH and calcitriol and increasing calcitonin

Normal Homeostatic Response to Hypocalcemia
· [bookmark: _GoBack]Mediated by PTH and calcitriol
· Hypocalcemia 
· Marked increase in PTH in seconds
· Increased renal calcium reabsorption (40 min)
· Increased renal phosphate excretion (40 min)
· Bone mobilization of Ca and P (1-2 hr)
· Stimulates synthesis and secretion of calcitriol after hours of hypocalcemia
· Increases calcitriol
· Increases int transport of Ca and P into blood (several hours)
· Enhances ability of chief cells to produce PTH
· Hypertrophy and hyperplasia of chief cells in parotid glands (days to weeks)
Normal Homeostatic Response to Hypercalcemia
· Opposite from hypocalcemia
· Decreased PTH secretion, increased PTH degradation in chief cells, decreased calcitriol synthesis
· Increased calcitonin
· Osteoclastic bone resorption
· Hyperplasia C cells in thyroid
Diagnostics
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Total Calcium: 
Dogs: overestimates normocalcemia and underestimates hypocalcemia
Cats: underestimates normocalcemia and hypercalcemia, overestimates hypocalcemia
· Analytic Methods
· Fasting serum or heparinized plasma
· Isotope dilution with mass spectrometry – gold standard
· Colorimetric and spectrophotometry – most commonly used
· Hemolysis and lipemia falsely elevates tCa
· Hyperbilirrubinemia falsely decrease tCa
· Acetaminophen and hydralazine falsely elevate tCa
· Normal Values
· Varies amongst labs
· Adult dogs and cats 10 and 9 mg/dL respectively
· Pediatrics 11-15 mg/dL
· Adjusted Total Calcium
· “corrected” based on albumin
· Overestimates normocalcemia and hypercalcemia
· Underestimates hypocalcemia
· NOT recommended
Ionized Calcium
· Biologically active form of Ca (56%)
· iCa regulates its own homeostasis by binding to Ca receptors:
· Parathyroid chief cells, regulates PTH secretion
· Thyroid C cells, regulates calcitonin secretion
· Renal tubular cells, regulates tubular reabsorption rate
· Analytic Methods
· Ca ion selective electrode
· Heparinized blood will have lower results than serum iCa
· Dogs 0.05-0.26 mmo/L lower
· Cats: 0.05-0.14 mmol/L lower
· Sample Handling Techniques
· Acidemia favors dissociation of iCa – falsely increases iCa
· Alkalemia favors protein binding of iCa – falsely decreases iCa (air exposure alkalinizes)
· More stable in serum than whole or heparinized blood (do NOT use silicone separators)
· pH correcting formulas are species specific and many analyzers calculate it
· Run as soon as possible to decrease chances of error
· Normal Values
· Dogs: 1.25-1.45 mmol/L
· Cats: 1.15-1.35 mmol/L
· Pediatrics higher
· Fractionation of Serum Calcium
· Measurement of protein bound (34%) and complexed fractions (10%) of Ca
· May facilitate detection of diseases processes that affect Ca metabolism
Parathyroid Hormone
· PTH circulates predominantly as intact PTH (biologically active) and carboxyl-terminal fragments
· Serum or EDTA plasma, keep frozen
· Two-site IRMA test
Parathyroid Hormone-Related Protein
· Two-site IRMA test and N-terminal RIA
· Fresh or frozen EDTA plasma
· Possibly excreted through kidneys, may be falsely elevated in kidney disease
Vitamin D Metabolites
· 25-hydroxyvitamin D (calcidiol) and calcitriol are the metabolites of clinical interest 
· Stable refrigerated or freezing
· Do not expose to light for long periods
· Young animals have higher calcitriol levels
Bone Biopsy and Bone Marrow Aspiration
· Greatest utility is for lymphoma, myeloproliferative disease or multiple myeloma
Hypercalcemia
· Toxicity of hypercalcemia and clinical signs
· Increased iCa decreases cell function by causing alterations in cell mb permeability and cell membrane Ca pump activity (CNS, GI, heart and kidneys)
· Clinical signs are worse in acute hypercalcemia (Vit D tox, rapid Ca infusion)
· Clinical are worse the higher the [Ca]
· Clinical signs are worse the more prolonged they hypercalcemia
· Acidosis increases iCa, worsening clinical signs, alkalosis lessens clinical signs
· Ca P  > 60  produces soft tissue mineralization, however, soft tissue mineralization occurs regardless of [P] in severe hyperCa
· Renal effects of hypercalcemia
· Usually reversible functional effects on kidneys but not reversible structural damage
· Azotemia is higher in dogs with malignancy
· Prerenal volume depletion from anorexia, hypodipsia, vomiting and polyuria
· Renal vasoconstriction from iCa hyperCa, acute tubular necrosis, nephrocalcinosis, tubulointerstitial inflammation and interstitial fibrosis
· Early effects: decreased concentrating ability and polyuria
· Reduced tubular reabsorption of Na and impaired action of ADH –> D Insipidus
· Effects on Ca-sensing receptors on renal epithelial cells
· Decreased aquaporin expression
· Reduced tubular Ca reabsorption and antagonism of effects of PTH
· All of these help excrete Ca and decrease effects of hyperCa
· Polydipsia is 2ary to PU, but may also be affected by Ca effect on thirst center
· Dehydration due to PU/PD, vomiting
· Careful calling diluted urine and azotemia, renal disease in the face of hyperCa, may be due to effect of Ca on concentrating ability (reversible) and prerenal azotemia 
· Acute intrinsic renal failure can occur due to vasoconstriction resulting in ischemic tubular injury, mineralization occurs early in loop of henle but has it's most impact in collecting ducts, chronic intrinsec renal failure follows
· Graular and tubular cell casts contribute ot intrarenal obstruction and azotemia
· Ca oxalate urolithiasis ocassionally occurs in animals with long standing hypercalcemia
· AUS: nephrocalcinosis, linear minerilization along renal diverticula, increased echogenicity and medullary rim sign
· Effects on other organs
· Gastric hyperacidity from increased gastrin production, and reduced gastrin clearance from kidneys - vomiting and anorexia
· Decreased skeletal muscle excitability – weakness
· CNS effects -  seizures, twitching, lethargy
· PR interval prolongation and QT interval shortening – Vtach
· Direct effect of Ca on vascular smooth musc, increase secretion of catecholamines -hypertension proportional to hyperCa
Mechanisms and Differential Diagnosis of Hypercalcemia
· Increased Ca
· Increased int absorption
· Increased bone reabsorption
· Increased renal tubular reabsorption
· Decreased elimination of Ca 
· Decreased GFR
· Decreased bone accretion
· Reduced plasma volume
· Volume contraction – vomiting, anorexia, polyuria
· Combination
General Approach to Diagnostic Workup
· Make sure hyperCa is repeatable
· FNA or biopsies
· Bone marrow evaluation
· Radiographs
· Ultrasound
· ICa
· Calcium related hormones
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TABLE 6-1 Normal Serum

Concentrations
Dog Cat
Total Calcium
me/dL 90115 80105
mmol /L 2238 2026
Tonized Calcium
me/dL 5060 4555
mmol /L 1215 L114
Parathyroid Hormone (PTH)
Intact (pmol/L) 213 04
N-terminal (pg/mL) 1555 828
Parathyroid Hormone Related ~ <1.0° <L0°
protein (PTHrP)
(pmol/L) (intact or
N-terminal)
25-Hydroxyviamin D 60215° 651707
(calcidiol) (nmol /L)
1,25-Dihyroxyvitamin D
(calcitriol) (pg/mL)
Adults 2050 2040
10-12-week-old 60120 2080
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