Hypocalcemia and Primary Hypoparathyroidism
Feldman and Nelson 

Main Points: 

1. Goal of Treatment is to keep TCa between 8-9 mg/dL 
2. For acute treatment, 10% Calcium gluconate or 10% calcium borogluconate may be given IV but calcium chloride should be avoided as it is caustic. 
3. Continuous IV infusion of calcium or subcutaneous calcium are indicated for subacute treatment, to bridge the gap between IV bolus of calcium and onset of action of oral vitamin D. 
4. For maintenance therapy oral 1,25-dihydroxyvitamin D3 (calcitriol) is most potent in stimulating intestinal calcium transport 
5. Oral calcium supplementation may only be needed in initial treatment plan and calcium carbonate is preferred due to high calcium content
6. Frequent rechecks are needed to prevent hypo- and hyper-calcemia 

7. Normal Physiology
a. Parathyroid glands sense small changes in [Ca2+]serum and allow fluctuations of no greater than 0.1 mmol/L from set normal values.
b. Parathyroid Hormone (PTH) acts on:
i. Calcium resorption from bone Acute - minutes 

ii. Distal renal tubular calcium reabsorption (***MOST IMPORTANT***)24-48 hours

iii. 1,25 – dihydroxyvitamin D3 (1,25 [OH]2D3; calcitriol) – mediated intestinal calcium reabsorption (the calcium – PTH – vitamin D axis) 
c. Challenges can be 
i. Minor transient, acute 
1. Seconds to minutes
2. i.e. 12-15 hour fast 
3. Decreased [iCa2+]serum leads to increased secretion of preformed PTH 
a.  renal calcium reabsorption 
b.  phosphorous excretion 
c.  bone mobilization of calcium/phosphate 
d.  PTH degradation in PT chief cells (so more for secretion)
e. By 12 hours only a mild increase in vitamin D synthesis 
ii. Moderate, subacute 
1. Hours to days 
2. New steady state PTH and vitamin D (calcitriol) synthesis and secretion
3. Increased secretion RATE of PTH 
a.  calcium reabsorption from distal renal tubules 
b.  mobilization of calcium and phosphorous from bone 
c.  synthesis of calcitriol, which in conjunction with PTH:
i.  bone resorption
ii.  calcium and phosphorous intestinal absorption 
4. increased [PTH]circulation 
a. increased renal excretion of phosphorous
b. [iCa2+]serum returns to normal 
c. [phosphorous]serum no change to 
5. mobilization from the skeleton is replaced by enhanced absorption of calcium from the intestine 
iii. Severe prolonged, chronic 
1. Days – weeks- months 
2. i.e. lactation, CKD 
3. MAXIMAL PTH secretion rate 
4. MAXIMAL rate vitamin D synthesis 
5. MAXIMAL rapid and late phases of bone resorption in response to PTH and Vitamin D 
6. Over longer periods of time:
a. Hyperplasia of parathyroid gland chief cells 
b. PTH secretion 10-50 x normal 
i. Recruitment of osteoclasts and bone resorption 
7. Final steady state 
a. [iCa2+]serum maintained at the expense of the skeleton leading to SIGNIFICANT BONE LOSS  
8. Hypoparathyroidism and Hypocalcemia 
a. Hypoparathyroidism: relative or absolute deficiency in synthesis and secretion of PTH leading to hypocalcemia 
i. Hypocalcemia: 
1. TCa < 9 mg/dL 
a. Underestimates iCa in dogs 
b. Overestimates iCa in cats 
2. iCa < 1.0 mmol/L 
ii. Clinical signs: 
1. Muscle tremors, twitching, leg cramps, stiff gait 
a. iCa leads to release of Ach (needed for muscle contraction) and stabilizes membranes (decreases permeability to Na) 
b. when not enough calcium, increased excitability of CNS
c. focal or diffuse, worse with exercise or excitement 
d. tetany presents at 
i. TCa  < 6-7 mg/dL 
1. If > 6-7 mg can have latent tetany 
ii. iCa < 0.7 mmol/L 
iii. FATAL if < 4 mg/dL 
iv. [Ca2+]CSF does not drop as quickly as [Ca2+]serum post parathyroidectomy 
v. Chvostek’s sings: tap facial nerve anterior to ear lobe > extensive facial muscle twitching/contraction
vi. Trousseau’s sign: BP cuff inflated above systolic BP for at least 2 minutes > carpal spasm (5-10 seconds in duration) after release of cuff or when cuff inflated.
2. Facial rubbing/oral chomping (paresthesia) 
3. Seizures 
4. Behavior changes 
5. Inappetence, weight loss 
6. Lethargy
7. Hyperventilation 
a. Can lead to hypocapnia/alkalosis which then causes…
b. Increased binding of iCa to plasma protein which can worsen sings 
8. Cataracts
9. Other functions of calcium 
a. Calcium has positive inotropic and chronotropic effects 
b. Decreased calcium prolongs AP in cells > negative inotropic and negative chronotropic effects
c. Calcium is cofactor to clotting > can see coagulopathies
iii. Hypocalcemia in cats 
1. Hypoalbuminemia 
2. Hypocalcemia due to renal failure, intestinal malabsorption, acute pancreatitis, lactation, ethylene glycol toxicity
3. Iatrogenic > surgery
4. Phosphate enemas 
9. Diagnosis 
a. Old formulas for corrected serum calcium 
i. Corrected TCa (mg/dL) = measured TCa – albumin (g/dL) + 3.5 
ii. Corrected TCa (mg/dL) = measured TCa (mg/dL) – [0.4 x total protein (g/dL)] +3.3 
b. Hypoparathyroidism is likely with the following combo:
i. [iCa2+]serum 
ii.  [Phosphorous]serum
iii. normal renal function
iv.  [PTH]serum
c. 3 causes of hypoparathyroidism 
i. suppressed secretion of PTH without PTH gland destruction 
ii. sudden correction of chronic hypercalcemia (atrophied glands) 
iii. absence or destruction of PTH glands 
10. Parathyroid Hormone Concentrations 
a. In the face of [iCa2+]serum
i.  [PTH]serum: primary parathyroid gland failure 
1. undetectable [PTH]serum confirms
ii.  [PTH]serum: r/o hypoparathyroidism (end organ resistance or secondary hyperparathyroidism as in calcium deficiency or intestinal malabsorption)
iii. a [PTH]serum within the reference range is NOT a healthy response to [iCa2+]serum  
b. Most important differential diagnosis 
i. Lab error
ii. Hypoalbuminemia
iii. Surgery 
iv. Phosphate Enemas 
v. AKI
vi. CKD 
1.  serum phosphorous 
2. normal serum calcium 
a. TCa low in 10% of dogs 
b. iCa low in 30% of dogs 
3. as CKD progresses incidence of hypocalcemia increases 
4.  vitamin D synthesis by diseases kidneys 
5. interactions of calcium with phosphate 
6.  phosphate retention
vii. Eclampsia 
viii. Malabsorption
ix. Severe Pancreatitis 
1. Acidosis  iCa and decreases the chance of clinical signs 
2. Calcium precipitates into insoluble soaps via saponification of peri-pancreatic fatty acids formed after release of pancreatic lipase 
11. Therapy for Hypocalcemia and Hypoparathyroidism 
a. Goal is to increased [Ca2+]serum above the threshold for clinical signs 
i. TCa > 6.0  mg/dL 
ii. iCa > 0.6 -0.7  mmol/L 
iii. BUT keep it below the normal reference range to increase functional recovery of atrophied parathyroid gland 
b. Acute treatment
i. Monitor ECG
1. If bradycardia, pulse deficits, arrhythmias, ST segment elevation, short QT, premature complexes then SLOW or D/C the treatment 
ii. 10% calcium borogluconate IV  
1. 15 mg Ca2+/ mL 
2. 0.3-0.9 mL/kg SLOW over 10-30 minutes 
iii. 10% calcium gluconate IV 
1. 9.3 mg Ca2+/ mL
2. 0.5-1.5 mL/kg slow over 10-30 minutes 
3. 2.5 -3.75 mL/kg/hour 
4. IF SC then dilute 2,3 or 4:1 in 0.9% saline 
iv. DO NOT USE CALCIUM CHLORIDE 
1. CAUSTIC 
2. Tissue death and sloughing when outside the vessel 
3. Calcinosis cutis 
v. Raise calcium slowly to avoid hypercalcemia, hyperphosphatemia, tissue mineralization, stone formation 
vi. KEEP IT ABOVE THRESHOLD FOR TETANY BUT BELOW REFERENCE RANGE 
1. Will also enhance functional recovery of atrophied parathyroid glands 
vii. Neuro signs such as nervousness, panting, behavioral changes can persist for 30-60 minutes post IV calcium treatment to eucalcemia
1. Lag in equilibration between CSF and Ca2+ in serum 
viii. Fever should resolve with treatment of tetany 
ix. Hyperphosphatemia (CKD) in addition to calcium can cause soft tissue mineralization and kidney damage. 
c. Sub-acute post tetany maintenance 
i. Why you need it:
1. IV calcium will last minutes to 1 hour 
2. Oral vitamin D needs 24-96 hours for effect 
ii. Repeat boluses 
1. Not recommended due to wide fluctuations in circulating calcium concentrations 
iii. Continuous IV 
1. 60-90 mg/kg/day elemental calcium 
2. (2.5-3.75 mg/kg/hour) 
3. 10% calcium gluconate 10 mL provides 93 mg Ca2+
a. if maintenance fluids (60mL/kg/day) then 
b. 1-2-3 mg/kg/hour > 40-80- 120 mL 10% calcium gluconate/L = 6.5-10 mL/kg/day 
4. Calcium can precipitate with lactate, acetate, bicarbonate, phosphates 
a. Avoid solutions with sodium bicarbonate as alkalinization decreases [iCa2+] which can lead to clinical signs 
iv. Subcutaneous 
1. DOSE
a. Administer the dose required to control tetany, SC q6-8 hours (or 60-90 mg/kg/day, divided)
b. 1 part calcium to 2,3 or 4 0.9% NaCl has not been reported to have skin sloughing even over a period of months 
c. After achieving normal to near normal serum [Ca2+] for 48 hours, decrease from q6 to q8hours 
d. If then stable for 48-72 hours switch to q12hrs 
v. GOALS
1. Serum TCa 
a.  8mg/dL (or increase dose, frequency)
b. ~ 8 – 9 mg/dL keep current dose 
c.  9 mg/dL (decrease dose) 
i. however in summary at end of chapter author said their goal is to keep between 9-10.5 mg/dL
ii. iCa 0.9-1.1 mmol/L 
d. Maintenance/chronic therapy 
i. Parenteral PTH lasts for only hours and currently there is no long acting PTH available 
ii. PO Vitamin D
1. Permanent need with primary, naturally occurring parathyroid gland failure 
a. With low Ca2+ intake, uptake is under Vitamin D control 
b. With high Ca2+ intake, uptake is Vitamin D independent 
2. Transient need with iatrogenic causes 
3. Goal 
a. Low normal to normal so [iCa2+] of 8.0-9.5 mg/dL
4. Vitamin D2 (Ergocalciferol)
a. 40,000 USP U/mg
b. initially need large dose (4K-6K U/kg daily) for eucalcemia due to :
i. decreased biological potency in hypoparathyroid patients
ii. need to saturate fat deposits (Vitamin D is fat soluble)
c. effect reached 5-14 days post initiation of treatment 
d. stop parenteral treatment 1-5 days post PO Vitamin D started 
e. hospitalize until TCa 8-10mg/dL with parenteral support and pet is eating and drinkin on its own
f. then can transition to Vitamin D PO EOD 
g. monitor serum calcium concentration weekly 
i. maintain 8-9.5 mg/dL
ii. after stable then monthly rechecks for 6 months, then q2-3 months 
h. drawbacks
i. time to achieve max effect (days to weeks)
ii. time to decrease effects in overdose (fat soluble vitamin D)
1. need to d/c for 1-4 weeks for decrease 
2. treat hypercalcemia with IVF especially if serum calcium x serum phosphate > 60-80 
i. LEAST ATTRACTIVE CLINICALLY BUT COST EFFECTIVE 
5. Calcidiol and Alfacalcidol 
a. 2x the potency of ergocalciferol in binding to calcitriol receptor BUT 500x less potent than calcitriol 
b. needs 2,5-hydroxylation by liver before active (rapid, unregulated)
c. dose 0.01-0.03 microgram/kg SID 
d. time to effect similar to calcitriol 
6. Oral 1,25-dihydroxyvitamin D3 (Calcitriol)
a. MOST POTENT FORM OF VITAMIN D IN STIMULATING INTESTINAL CALCIUM (DIRECT EFFCT ON INTESTINAL RECEPTOR) TRANSPORT AND OSTEOBLASTIC ACTIVITY IN THE SKELETON 
b. MOST RAPID ONSET MAX ACTION
i. Peak serum concentrations in 4 hours 
c. SHORTEST T1/2
i. T1/2 = 4-6 hours
ii. Biological T1/2 = 2-4 days 
d. Programs undifferentiated cells in intestinal crypts 
e. Turnover q24hours so give BID for continuous effect 
f. DOSE:
i. Loading: 20-30 ng/kg/day for 2-4 days 
ii. Maintenance: 5-15 ng/kg/day, divided BID 
g. Drawbacks
i. Need reformulation
ii. $$$
h. if patient hypomagnesemic supplement with magnesium sulfate 1-2 mEq/kg/day
7. Parenteral Calcitriol 
a. Same dose IV, SC, IP, IV TID to effect, then decrease 
8. Dihydrotachysterol 
a. Synthetic vitamin D analog 
b. In between D2 and D3
c. Dose:
i. 0.03 mg/kg/day, divided BID x 2 days (or to effect) 
ii. then 0.02 mg/kg/day x several days 
iii. then 0.01 mg/kg/day, divided 
iii. PO Ca2+ 
1. May only be needed in early treatment plan 
2. Most balanced foods will have adequate Ca2+ so can taper over 12-16 weeks 
a. Calcium gluconateSmall quantities of calcium so lots of tablets needed

b. Calcium lactate
i. 13% Ca2+
ii. 1 g = 6.5 mEqLarge quantities of calcium 

c. Calcium chloride 
i. gastric irritation
d. Calcium carbonate (TUMS)
i. 40% Ca2+
ii. 1 gram = 20 mEq Ca2+
iii. 1 mg Ca2+ /  2.5 mg tab
iv. gastric acid converts calcium carbonate to calcium carbonate 
v. alkalosis can worsen hypocalcemia
vi. DRUG OF CHOICE IN HUMANS 
1. Lots of calcium 
2. Low cost 
3. Lack of GI irritation 
4. Available 
3. Dose 
i. Cats: 0.5 -1.0 g/day, divided 25-50 mg/kg/day, divided q8-12 hrs. 

ii. Dogs: 1.0-4.0 g/day, divided 
iii. As vitamin D reaches the steady state, oral calcium can be tapered over 2-4 months as dietary calcium should be sufficient. 
iv. However, some patients will need continued low dose supplementation. 
4. Monitor for 
a. Hypercalcemia 
i. PU/PD, decreased appetite, vomiting, depression
ii. If see: hospitalize, IVF, Lasix, steroids, bisphosphonates, calcitonin as indicated and d/c oral calcium and vitamin D
b. Hypocalcemia 
i. Restlessness, convulsions, etc. 
5. Recheck 
a. Twice weekly 1-2 weeks 
b. Once weekly 3 weeks 
c. Once monthly 3 months 
d. Q2-3 months thereafter 
6. Change dose of calcitriol as needed by 10-20% and monitor over the lag period (days for calcitriol to weeks for other oral versions)
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