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The Investigations of Calcium abnormalities 
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Essential for  understanding this presentation: 

1)  Anatomy: Parathyroid gland, skin, liver, 
 kidney, intestine, bone 

2)  Biochemistry: Hormones produced by 
 the Parathyroid gland & Kidney. Bone 
 metabolism 

3)  Physiology: Regulation and 
 metabolism involving calcium 

First then can one start on a journey to 
investigate abnormal s-calcium levels 
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Objectives :  

1)  Describe the mechanisms behind
 hypocalcaemia and hypercalcaemia. 

2)  Differentiate among primary, secondary 
 and tertiary ΨŎŀƭŎƛǳƳΩ ŘƛǎƻǊŘŜǊǎΦ 

The Investigations of Calcium abnormalities 
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Discuss -  based on the normal 
 physiology -  the rationale  behind  

4) The investigations dysregulated calcium.  

3) Symptoms of a dysregulated calcium. 

The Investigations of Calcium abnormalities 
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Essential for  understanding the investigations 

1)  Anatomy: 

2)  Biochemistry: 

3)  Physiology: 

4)  Diseases 
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Essential anatomy 
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Parathyroid 
gland 
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Essential for  understanding the investigations 

1)  Anatomy: 

2)  Biochemistry: 

3)  Physiology: 

4)  Diseases 
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Essential biochemistry 
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Bizhanova A , Kopp P Endocrinology 2009;150:1084-1090 

Remember calcium's  
role in cell signaling 
(This one is from the 
thyroid gland) 

TSH-r 
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Å Heart 
Å Muscles 
Å Nervous system 
Å Immune system 
Å Coagulation 

Clinical most 
important functions? 
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Essential biochemistry 
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Calcium bound to proteins ς mainly albumin 
app 50% 

Free ionized calcium (Ca2++). 
It is the physiologically active fraction 

Measurements 
ÅTotal calcium  
ÅFree ionized calcium 
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Essential biochemistry 
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H+ affect the binding of calcium to protein 
H+ competes with Ca2+ for binding sites 

The total calcium is not affected 

If H+ falls the patient might experience tetany 
despite a normal total plasma concentration        

What are the implications? 

If H+ increases the patient might loose 
calcium > osteomalacia        



2011-10-18 Thyroid Gland  10 ©lassen-nielsen.com 

Ergocalciferol (vitamin D2) 

UV 

(Viatmin D3) 

Essential biochemistry 
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Essential biochemistry 
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hPTH     = humane PTH 
hPTHrP = humane PTH related peptide 



2011-10-18 
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hPTH     = humane PTH 
hPTHrP = humane PTH related peptide 
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A complex system 
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Essential for  understanding the investigations 

1)  Anatomy: 

2)  Biochemistry: 

3)  Physiology: 

4)  Diseases 
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The bone component 
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The bone component 

5ƻƴΩǘ ŦƻǊƎŜǘ ōƻƴŜ ǊŜƳƻŘŜƭƛƴƎ ŦƻǊƳŀǘƛƻƴ ƛǎ ŀ 
constant process/ balance  
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The bone component 
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The PTH regulation  
Up-regulates calcium 

The Investigations of Calcium abnormalities 

The Calcitonin regulation  
Down-regulates calcium 

What type of feedback is it ? 

Classical negative feedback 
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The Investigations of Calcium abnormalities 
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The Investigations of Calcium abnormalities 

Remember it 
is a dynamic 
balance 
 
Homeostasis 

Plasma calcium 
is tightly 
controlled 

2.15 -2.55 
mmol/L 
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The Investigations of Calcium abnormalities 

With 
approximate 
daily 
turnover in 
mmol 

Plasma calcium 
is tightly 
controlled 

2.15 -2.55 
mmol/L 

12 mmol/day 

7 mmol/day 

10 mmol/day 

10 mmol/day 

5 mmol/day 

25 mmol/day 

20 mmol/day 

22 mmol 

Soft Tissue  
25 mmol 
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Essential for  understanding the investigations 

1)  Anatomy: 

2)  Biochemistry: 

3)  Physiology: 

4)  Diseases 

Calcium  22 

The Investigations of Calcium abnormalities 



2011-10-18 

Hyper - & Hypo-ΩǎǘŀǘŜǎΩ 
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In principle only two things can go wrong:  

Increased level (high concentration) of 
substance: HyperΧΦΦaemia 

Decreased level (low concentration) of 
substance : HypoΧΦΦ aemia 

Of cause there can be many underlying causes: 
¢ǳƳƻǊΣ ǎǘŀǊǾŀǘƛƻƴΣ ƛƴŦŜŎǘƛƻƴǎ ΧΧΦ 
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Diagnosis using s-
calcium and s-PTH 
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The box represent the 
upper and normal 
limits for s-calcium 
and/or s-PTH 



2011-10-18 

Hyper - & Hypo-ΩǎǘŀǘŜǎΩ 

©lassen-nielsen.com Calcium  25 

High PTH results in high 
calcium      > 
hyperparathyroidism  

Low PTH results in low 
calcium              > 
hypoparathyroidism 

High calcium with low PTH             
>  the PTH response is 
adequate hence not a  
parathyroid problem 
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Essential for  understanding the investigations 

1)  Anatomy: 

2)  Biochemistry: 

3)  Physiology: 

4) Diseases 
 Hypercalcemia 
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Hypercalcemia 

Manifestations of hypercalcemia 

Normal Laboratory:  Serum calcium (total) 1.12-2.65mmol/L  

  Serum calcium (ionized) 1.0-1.25mmol/L 

 

Inability to Concentrate Urine and Exposure of Kidney to Increased Concentration of Calcium 

 Polyuria 

 Increased thirst 

 Flank pain 

 Signs of acute renal insufficiency 

 Signs of kidney stones 

Neural and Muscle Effects (Decreased Excitability) 

 Muscle weakness 

 Ataxia, loss of muscle tone 

 Lethargy 

 Personality and behavioral changes 

 Stupor and coma 

Cardiovascular Effects 

 Hypertension 

 Shortening of the QT interval 

 Atrioventricular block 

Gastrointestinal Effects 

 Anorexia 

 Nausea, vomiting 

 Constipation 
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Hypercalcemia 

Urgent treatment is required  

if  - calcium > 3.5mmol/L 

 - clouding of consciousness or confusion is present. 

 - hypotension  

 - severe dehydration causing pre-renal failure   

 

Management 

ÅRehydrate with iv Na saline (0.9%) 

ÅDiuretics once patient is rehydrated (monitor electrolytes K+ and Mg++)    

ÅIf inadequate response give calcitonin, bisphosphonates, steroids.  
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Some Causes of hypercalcemia 

Malignancy 

ÅBony metastases, e.g. breast, lung, prostate, kidney, thyroid. 

ÅSolid tumors with humoral effects (Parathyroid hormone-related protein 

(PTHRP)). 

ÅHematological tumors, e.g. myeloma. 

 

Parathyroid hormone abnormalities 

ÅPrimary hyperparathyroidism (adenoma, hyperplasia or associated with 

multiple endocrine neoplasias). 

ÅTertiary hyperparathyroidism 

 

High bone turnover 

ÅThyrotoxicosis 

ÅImmobilization, e.g. with Pagetôs disease, long bed rest. 

 

High level of vitamin D 

ÅVitamin D toxicity. 

ÅGranulomatous disease, e.g. sarcoidosis, tuberculosis. 
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Some Causes of hypercalcemia 

Drugs 
ωThiazides (reduced renal calcium excretion) 
ωVitamin A toxicity. 
ωMilk-alkali syndrome (Burnett syndrome). 
 

Familial hypocalciuric hypercalcemia 
 
Other endocrine causes 
ωAdrenal insufficiency 
ωAcromegaly 
 

Rarer causes, e.g. 
ω²ƛƭƭƛŀƳΩǎ ǎȅƴŘǊƻƳŜΦ 
ωHuman immunodeficiency virus infection. 
ωLeprosy. 
ωHistoplasmosis. 
ωBerylliosis. 
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Algorithm for hypercalcemia  
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Algorithm for hypercalcemia  
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Calcium deposits in various tissues  
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Essential for  understanding the investigations 

1)  Anatomy: 

2)  Biochemistry: 

3)  Physiology: 

4) Diseases 
 Hypercalcemia   - Cases 1 to 8 
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Hypercalcemia: Case 1 
Calciphylaxis presents as painful, indurated, focally necrotic, 

erythematous plaques that usually are on extremities. Secondary 

hyperparathyroidism resulting from chronic renal failure treated by 

dialysis is the most common association.  

 

Calcification of small blood vessels, focal calcification of the fat, 

and vascular thrombosis are seen histopathologically. he degree of 

necrosis of the dermis and/or lobular panniculitis is variable within a 

given lesion, and this is reflected in the highly variable pathology 

seen in multiple biopsies of a lesion or from case to case. Either a 

large biopsy or multiple biopsies that include subcutis may be 

necessary to demonstrate the calcification.  

 

Necrosis of the dermis and/or the vasocentric nature of the 

calcification in calciphylaxis help distinguish this from the 

calcification sometimes associated with pancreatic fat necrosis 

involving the subcutis.  
From http://www.bweems.com/calciphylaxis.html 
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This 66 year old male, who has been on 

dialysis for renal failure, developed bilateral, 

indurated, erythematous, painful plaques about 

10 cm. in diameter on the thighs. Focal 

necrosis was noted clinically. This patient had 

secondary hyperparathyroidism, and he also 

had focal superficial penile ulcers. The penis 

was not biopsied, but an x-ray set for soft 

tissue density demonstrated calcification within 

it.  

Calciphylaxis  - Case 1 
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Scan power view. 

The skin does not 

look too 

remarkable at this 

magnification, but 

there is some-

thing abnormal in 

the lower right 

side of the 

reticular dermis.  
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Calciphylaxis  - Case 1 

From http://www.bweems.com/calciphylaxis.html 



From http://www.bweems.com/calciphylaxis.html 

A low power view of 

the lower right side 

of the reticular 

dermis. This biopsy 

was taken near the 

edge of a focus of 

clinical necrosis. The 

PMN's and nuclear 

debris scattered 

between collagen 

bundles are 

consistent with the 

reaction on the edge 

of a necrotic zone.  
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Calciphylaxis  - Case 1 



A medium power 

view above the 

zone shown above. 

The collagen 

bundles are 

swollen, and there 

is a marked 

diminution in the 

number of 

fibroblasts that 

would normally be 

present. This can 

be seen in dermis 

that has a 

diminished blood 

supply.  
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Calciphylaxis  - Case 1 

From http://www.bweems.com/calciphylaxis.html 


