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Learning Objectives

• Hypercalcemia (causes, diagnosis and treatment)

• Primary hyperparathyroidism (PHPT) incl. complications and challenges

• Hypoparathyroidism (causes and treatment)

• Hypocalcemia

• Hypo-and hyperphosphatemia

• Tumor-induced osteomalacia



Pathophysiology
iPTH Vitamin D



Case
• 84-yo patient 

• H in Geriatric dpt for asthenia, fatigue, difficulty walking, falls …

• “Cognitive decline” according to her daughter

• Previous HX:

• Breast cancer (tumorectomy), CVA (frontal ischemic, 2013),
AHT, hypercholesterolemia, osteoporosis

• Social : 

• Lives alone (3rd floor with elevator)

• 2 children whom she visits very often 



UpToDate



Case – lab results  

• Calcium 3,75 mmol/L N 2,20-2,55

• Phosphate 0,72 mmol/L N 0,75-1,39

• Mg2+ 0,60 mmol/L N 0,63-1,05

• Albumin 36 g/L N 40-49

→ Calcemia of 3,8 mmol/L corrected for albumin



What to do next ?

• A 25-OH Vitamin D

• B iPTH

• C 1,25-dihydroxy Vitamin D

• D Thyroid ultrasound

• E Bone scan

• F Combination of the above



Causes of hypercalcemia



Causes of hypercalcemia

80-90% either PHPT or malignancy



UpToDate



UpToDate

+ bone metastasis



Case 

• Calcium 3,75 mmol/L N 2,20-2,55

• Phosphate 0,72 mmol/L N 0,75-1,39

• Mg2+ 0,60 mmol/L N 0,63-1,05

• Albumin 36 g/L N 40-49

• PTH 133 ng/L N < 49

• 25-OH Vitamine D 39,6 mcg/L N 30-80

→ PTH-related hypercalcemia





Primary hyperparathyroidism

• Third most common endocrine disorder

• Incompletely regulated, chronic, excessive secretion of 
parathyroid hormone (PTH)

• Hypercalcemia with elevated PTH
 

• Causes : 
• Single benign adenoma (85%)

• Multiglandular disease (15%)

• Parathyroid carcinoma (1%)

John Bilezikian, 2024



• Historically,

disease of bones, stones, and groans…

John Bilezikian, 2024

Primary hyperparathyroidism



Osteitis fibrosa cystica

= skeletal disorder resulting in a loss 
of bone mass, a weakening of the 
bones as their calcified supporting 
structures are replaced with fibrous 
tissue (peritrabecular fibrosis), and 
the formation of cyst-like tumors in 
and around the bone

= osteitis fibrosa, osteodystrophia 
fibrosa, and von Recklinghausen's 
disease of bone

https://en.wikipedia.org/wiki/Trabecula
https://en.wikipedia.org/wiki/Fibrosis
https://en.wikipedia.org/wiki/Cyst


Brown tumor

• Excess osteoclast activity, such 
as PHPT

• A form of osteitis fibrosa cystica 
• Not a neoplasm, but rather 

simply a mass.

• Most commonly affects the 
maxilla and mandible, though 
any bone may be affected

• Radiolucent on x-ray

https://en.wikipedia.org/wiki/Osteoclast
https://en.wikipedia.org/wiki/Osteitis_fibrosa_cystica
https://en.wikipedia.org/wiki/Neoplasm
https://en.wikipedia.org/wiki/Radiodensity


Symptomatic PHPT

Asymptomatic PHPT

Normocalcemic PHPT
(routine screening)

??? 
The disease did not change, we did !

John Bilezikian, 2024



Primary hyperparathyroidism

• 3x > in ;  incidence increases with age

• 80% initially lack symptoms
• nephrolithiasis

• kidney dysfunction

• gastrointestinal upset

• neuropsychiatric effects

• PHPT accelerates bone turnover → fragility fractures

Habib 2021, JAMA



Treatment of (severe) hypercalcemia

• IV hydration

• IV hydration

• IV hydration



Treatment of (severe) hypercalcemia

• IV hydration

• + Diuretics (avoid fluid overload)

• Calcitonin (early use, tachyphylaxis)

• Antiresorptives (Pam, IV Zol, Dmab)

• Corticosteroids (1a-hydroxylase)

• Dialysis in extreme hyperCa2+ or in CKD



Case 

Recurrent hypercalcemia 1 month after discharge

     * Calcium 3,19 mmol/L N 2,20-2,55

Start Mimpara (Cinacalcet) 60mg daily

Two weeks later …

* Calcium 3,78 mmol/L N 2,20-2,55

* Albumin 45 g/L N 40-49

* PTH 209 ng/L N < 49



Case 

Treatment regimen:

- IV hydration

- Calcitonin

- Cinacalcet (Mimpara) 60 mg daily

- Bisphosphonate 

However, no clinical nor biological response …



Parathyroidectomy

• Surgery → most effective & only curative treatment for PHPT

Types:

• Unilateral parathyroid exploration (single parathyroid adenoma) 

• Bilateral parathyroid exploration (multigland disease, intraoperative 
parathyroid hormone (IOPTH) monitoring unavailable)

Wilhelm, JAMA Surg. (2016)



Parathyroidectomy in elderly patients

• Safe, effective, feasible & beneficial 

Complications in the elderly:

• Conversion to bilateral exploration, multiglandular disease

• Some studies - respiratory infections, cardiac problems

• Other studies - similar complications to general population

• Longer length of stay

Calo, Aging Clin Exp Res (2017) 



Scintigraphy MIBI-Tc99m



Case 

• Localization of an adenoma

• Lack of response to medical treatment 

• Clinical deterioration of the patient

Post-op follow up:

• Normalization of serum calcemia and iPTH

• Rapid clinical recovery

→ parathyroidectomy



Q10-13  Parathyroidectomy (PTX)



= sudden withdrawal of PTH 
➢ increased osteoblast-mediated bone formation 
➢ bone uptake of calcium, phosphate and magnesium

Q10-13  Parathyroidectomy (PTX)

Hungry Bone Syndrome (HBS)





Challenges in PHPT

• DDx with familial hypocalciuric hypercalcemia (FHH)

• Normocalcemic PHPT – DDx secondary HPT

• Optimal management of recurrence/persistence after surgery

• Syndromes (MEN-1, MEN-2, ...)



DDx Familial hypocalciuric hypercalcemia (FHH)

= autosomal dominant disorder of CaSR

• Positive family history

• Non-progressive elevation of calcium

• Normal or mildly raised PTH 

• Low urinary calcium excretion <0,01

• Does not require surgical intervention



FHH mechanism

Dr. Michael Mannstadt, 2024



Q2-3-4 Normocalcemic PHPT

Is it secondary hyperparathyroidism ?





Hypoparathyroidism

• Orphan disease 

• Hypocalcemia (symptomatic or asymptomatic) with 
insufficient PTH secretion

• Causes : 
• Neck surgery (75%) : chronic if > 6 months after surgery

• Genetic, auto-immune, infiltrative, Mg2+





Treatment of chronic HypoPT

• 0,5-2 mcg/day of alfacalcidiol once a day

OR

0,5-1 mcg/day of calcitriol (Rocaltrol®) twice a day

• Calcium supplements if dietary intake is insufficient

• 25(OH)D >20ng/ml



Treatment of chronic HypoPT

Calcium levels: 

Lower part or slightly below the lower limit of the reference 
range, without symptoms of hypocalcemia



Treatment of chronic HypoPT

•Problems:
• Hypercalcemia
• Hypercalciuria





Hypocalcemia

(gadodiamide and gadoversatemide)

Dr. Gerald Diaz, 2024



Denosumab and hemodialysis

• #



Phosphate metabolism

• Essential for many biological functions
• energy production (component of ATP) 

• cellular signaling

• structural roles in nucleic acids and membranes

• Distribution and Storage
• 85% in bones and teeth as hydroxyapatite

• 15% in extracellular fluids and soft tissues

• Critical for structural rigidity and metabolic functions

Berndt & Kumar, 2009



Phosphate regulation 

Parathyroid Hormone (PTH)

•  master regulator of both calcium (Ca2+) and phosphate 
(Pi) homeostasis
→↑ blood Ca2+   + ↑ Pi renal excretion

→↑ FGF23 secretion from bone & ↑ synthesis of calcitriol in the kidney

→Since PTH action releases Pi from bone & stimulation of 
intestinal Ca2+ and Pi absorption enhances the Pi load 

PTH compensates by ↑  phosphaturia (downregulation of renal Pi 
transporters – 85% of Pi reabsorption in proximal tubules)

Wagner, Nephrol Dial Transplant. 2024 



Phosphate regulation

• Fibroblast Growth Factor 23 (FGF23)
• Physiologically, produced mainly by osteocytes, but in diseased 

organs, it can be secreted by different cell 

• Stimulated upon increased Pi intake 
• acts primarily on the kidneys to stimulate renal clearance of Pi 
• reduces circulating calcitriol (which stimulates Pi absorption in 

the kidney)

Increase in Pi→production of FGF23 by osteocytes → 
stimulates Pi renal clearance + reduces absorption (by ↓ calcitriol)

Wagner, Nephrol Dial Transplant. 2024 



Hyperphosphatemia



Hyperphosphatemia symptoms

• Symptoms related to Hypocalcemia (excess blood Pi binds to Ca2+ )
• Muscle cramps and spasms
• Tetany
• Perioral numbness or tingling
• Seizures

• Calcification in Soft Tissues
• Joint pain and stiffness - calcifications in joints

• Vascular calcifications → increase in risk of cardiovascular disease

• Renal Symptoms
• Nephrocalcinosis: calcification in the kidney →impair kidney function
• Renal failure → high Pi levels → worsen kidney function in preexisting kidney disease

• Bone Pain
• Secondary to osteomalacia or renal osteodystrophy in CKD patients 

Koumakis, calcif tissue int, 2021



Hyperphosphatemia



Treatment of hyperphosphatemia

• Treatment of underlying disorder!

•  No treatment is usually needed in the setting of normal renal 
function as hyperPi is self-resolving

• Limiting dietary phosphate intake (by reducing protein intake) 

• blocking intestinal phosphate absorption with phosphate binders 
(mild persistent asymptomatic hyperPi in the setting of mild to 
moderate renal failure)
• calcium carbonate, calcium acetate, and sevelamer (Renvela)

• Hemodialysis may be required for severe hyperPi with symptomatic 
hypoCa2+

Shiber and Mattu, 2002



Hypophosphatemia



Hypophosphatemia



Hypophosphatemia



Tumor-induced osteomalacia
• rare paraneoplastic sd

• characterized by bone pain, fractures and muscle weakness

• caused by tumoral overproduction of fibroblast growth factor 23 (FGF23) → acts at the 
proximal renal tubule → ↓ Pi reabsorption → hypophosphatemia & osteomalacia

• small, benign mesenchymal tumors - found in bone or soft tissue, anywhere in the body

• Locating the tumor is critical → complete removal is curative

• If the tumor is not localized, or surgical resection is not possible

→ phosphate and active vitamin D supplementation (successful in healing the 
osteomalacia & ↓ symptoms)

Florenzano et al, Bone Rep (2017)



Thank you !



Case - Imaging

• Head CT: absence of hemorrhage, mass effect, hydrocephalus

• History of tumorectomy of left breast > induration left breast
> US of L&R breasts : sequellar appearance, no suspicious lesion

• Bone scintigraphy: no hyperfixation suspicious of bone metastasis



Indications for parathyroidectomy

• Symptomatic

• Asymptomatic 
• Age < 50 years

• Serum calcium level >1 mg/dL above URL

• Skeletal involvement
• Fracture by VFA or vertebral X-ray, or bone mineral density (BMD) by T-score ≤ -2.5 at any site

• Renal involvement
• eGFR or creatinine clearance <60 mL/min

• Nephrocalcinosis or nephrolithiasis by X-ray, ultrasound, or other imaging modality

• Hypercalciuria (eg, >250 mg/day in women; >300 mg/day in men)

• Patient preference

Bilezikian et al., JBMR. (2022)
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