
 

 

 

 

 

HYPOPHOSPHATAEMIA 

 

“Mobile”, Sheet metal, wood, and wire, 1932, Alexander Calder, Tate Modern, London. 

 

Just as Impressionists, Expressionists, Surrealists, and a bewildering host of other late 

Nineteenth early Twentieth Century artists were revolutionizing concepts of painting, it 

was Alexander Calder (1898 -1976) who in the early 1930s was revolutionizing concepts 

about the art of sculpture. In 1930 he paid a visit to the studio of Piet Mondrian, where 

he became entranced by that artist’s geometric “neoplastic” designs - works of 

mathematically precise geometric squares and rectangles divided by stark black grids. 

He thought he could take the art form further by presenting it in an extra-dimensional 

form. Not only did he create three dimensional sculptures, he added the fourth dimension 



- time -  to his works - by including the element of movement - but movement not in the 

“Op Art” sense of optical illusion, but a real life “kinetic” movement. Calder himself 

described his mobiles as “four dimensional drawings”. His works would look different 

not only depending on the position it was view from but also depending on the time that it 

was viewed. 

 

Initially he used small electronic motors to achieve kinetic movement, prompting Marcel 

Duchamp in 1931 to label his works as “mobiles” - a term that has stuck ever since. 

Later however Calder discarded the electronic motors in favour of the natural forces of 

the world - gravity and wind - to produce movement. He was also an admirer of the early 

surrealist Joan Miro and indeed many of his mobiles appear as kinetic Miros. Calder's 

mobiles became immensely popular and in time he was commissioned to produce major 

pieces for major institutions, including the Kennedy Airport New York, (1957) and the 

UNESCO headquarters in Paris (1962). But his most beautiful works in some ways were 

his smaller intricate and beautifully balanced, works of colourful sheet metal, wood and 

wire - cascading and quite mesmerising four dimensional Mondrians and Miros.      

 

The cells of all living things are astonishing factories of intricately balanced cascades of 

biochemical reactions fashioned over the untold eons of geological time. Undreamt of 

secrets lie within these process. Secrets that we have barely scratched the surface of in 

our quest to understand life. This remains a powerful argument for the preservation of 

the diversity of life on Earth - the unlocking of these processes of deep time has, as in the 

case of penicillin and many others examples, and will continue to lead us to great 

discoveries that may be utilized for the betterment of the lives of all humanity. One of the 

best understood examples of these beautifully balanced biochemical cascades is that of 

the metabolism of calcium and phosphorous. Like a finely balanced Calder mobile, the 

effects on one can have profound effects on the other.      

 

Left: “Scarlet Digitalis”, 

sheet metal, wood and 

wire, Alexander Calder, 

1945. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



HYPOPHOSPHATAEMIA 

 

Introduction 

 

Hypophosphataemia is a serum phosphate level below normal physiological values, and 

is generally taken to be less than 0.8 mmol/L  

 

Significant hypophosphataemia is an uncommon condition. 

 

An important and often under recognised cause is refeeding hypophosphataemia. 
 

In general terms the severity of hypophosphataemia can be defined thus: 

 

Normal:     0.8 mmol/L - 1.5 mmol/L. 

 

Mild hypophosphataemia:  0.7 - 0.8 mmol/L. 

 

Moderate hypophosphataemia: 0.50 - 0.7 mmol/L.  

 

Severe hypophosphataemia:   ≤ 0.5 mmol/L. 

 

Physiology 

 

The normal physiologic blood level of phosphate is 0.8 mmol/L - 1.5 mmol/L. 

 

Phosphate is a predominantly intracellular anion (with a concentration of approximately 

100 mmol/L), where it is predominantly complexed or bound to proteins or lipids 

 

It is one of the major components of the skeleton, providing mineral strength to bone. 

Indeed the bulk of total body phosphate (about 85%) resides in bone as part of the 

mineralized extracellular matrix. This phosphate bone pool is accessible, but only in a 

somewhat limited fashion. 

 

Phosphate is critical for a vast number of cellular processes.  

 

It is an integral component of the nucleic acids - DNA and RNA.  

 

The phosphate bonds of ATP carry the energy required for all cellular functions.  

 

Phosphate is also necessary in red blood cells for production of 2,3-diphosphoglycerate 

(2,3-DPG), which facilitates release of oxygen from hemoglobin. 

 

Phosphate functions as a buffer in bone, serum, and urine. The addition and deletion of 

phosphate groups to enzymes and proteins are common mechanisms for the regulation of 

their activity.  

 

In view of its vast physiological importance in the body, phosphate homeostasis is very 

closely regulated in the body, via vitamin D, PTH and the kidneys. 



 

Pathophysiology 

 

Causes: 

 

Hypophosphataemia can de due to: 

 

1. Urinary losses: 

 

Increased urinary losses are due to reduced net renal phosphate reabsorption in the 

kidney. 

 

Urinary losses can be due to: 

 

 ● Hyperparathyroidism:  

 

♥ Both parathyroid hormone (PTH) and PTH-related protein increase 

 renal phosphate clearance, causing significant hypophosphataemia,  

 (in addition to hypercalcemia).  

 

● Humoral factors that cause severe renal tubular phosphate wasting of 

 phosphate, resulting in a chronic hypophosphataemia.  

 

 These factors are seen in cases of: 

 

♥ Familial X-linked hypophosphataemic rickets (rare) 

 

♥ Tumour-induced osteomalacia 

 

2. Redistribution of phosphate: 

 

This can occur with rapid shifts of phosphate from the extracellular fluid into the 

intracellular space or the mineral phase of bone. 

 

Examples include: 

 

● Refeeding hypophosphataemia: 

 

 This is an important and often unrecognized cause.   

 

 Refeeding after a period of severe starvation (including cases of anorexia 

 nervosa). 

 

This can result in severe hypophosphataemia due to rapid intracellular 

phosphate shifts. 

 

This is an important and often under recognised cause.  

 



● Respiratory alkalosis: 

 

In respiratory alkalosis, as blood CO2 decreases, intracellular CO2 which 

is readily diffusible across the cell membrane, moves out of the cell into 

the plasma. The loss of CO2 from the cell causes the intracellular pH to 

rise. This rise in pH stimulates gylcolysis, which requires phosphate ions 

to make ATP. This phosphate is obtained from circulating plasma 

inorganic phosphate ions, which are also readily diffusible across the cell 

membrane walls. The serum phosphate concentration thus falls.  

 

Note that metabolic alkalosis is not a cause of hypophosphataemia. In this 

situation there is an increase in serum bicarbonate levels, however 

intracellular pH doe not rise because bicarbonate is poorly diffusible 

across the cell membrane. 
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 ● Insulin therapy: 

 

Insulin not only promotes the intracellular uptake of glucose and 

potassium, but also of phosphate as well, thus potentially leading to a 

serum hypophosphataemia.  

 

3. Reduced intake:  

 

 ● Dietary related: 

  

♥ Malnutrition: 

 

If severe, so uncommon in first world settings, but may be seen in 

chronic alcoholism. 

 

♥ Selective deprivation of dietary phosphate: 

 

May occur as a result of excessive use of phosphate-binding 

antacids, i.e “antacid - abuse”, (this is rare). 

 

● Malabsorptive disease 

 

Complications: 

 

If hypophosphataemia is severe, the following may be seen: 

 

1. Neuromuscular disturbances: 

 

If severe may result in: 

 

● Progressive myopathy to paralysis 

 

● Confusion and seizures. 



 

2. Cardiorespiratory disturbances: 

 

● Respiratory muscular failure. 

 

● Heart failure  

 

● Arrhythmias. 

 

3. Haematological disturbances: 

 

● Haemolysis 

 

● Impaired leukocyte function 

 

● Thrombocytopenia  

 

4. Rhabdomyolysis  

 

Clinical Features 

 

Mild/ moderate hypophosphataemia is largely asymptomatic. 

 

Depending on the underlying cause, symptoms of hypercalcemia will usually be more 

prominent. 

 

In very severe hypophosphataemia, clinical manifestations may include those listed in 

“complications”, above.    

 

Investigations 

 

Blood tests: 

 

1. FBE 

 

2. U&Es/ glucose 

 

3. Calcium level 

 

4. Phosphate level: 

 

The degree of hypophosphataemia can be roughly classified as: 
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 Normal:     0.8 mmol/L - 1.5 mmol/L. 

 

 Mild hypophosphataemia::  0.7 - 0.8 mmol/L. 

 

 Moderate hypophosphataemia::  0.50 - 0.7 mmol/L.  



 

 Severe hypophosphataemia::   ≤ 0.5 mmol/L. 

 

5. CK if associated rhabdomyolysis is suspected. 

 

ECG: 

 

● Look for associated features of hypercalcaemia 

 

Others tests as clinically indicated. 

 

Management  

 

The decision to treat hypophosphataemia is based on:  

 

● The cause 

 

And 

 

● The severity 

 

And 

 

● The rapidity of the rate of decline of the phosphate level 

 

Acute: 

 

Treatment of acute hypophosphataemia is needed in critically ill patients and is guided by 

the severity of the cellular phosphate deficit.  

 

In patients with severe hypophosphataemia and normal renal function, give: 

 

● IV potassium phosphate at rates of 2 to 8 mmol/hour over four to eight hours, 

 with hourly monitoring of serum calcium and phosphate concentrations. 
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Chronic: 

 

Chronic hypophosphataemia, as seen with familial X-linked hypophosphataemic rickets 

and tumour-induced osteomalacia, is usually treated with: 

 

1 Effervescent oral elemental phosphorus:  

 

● Sodium acid phosphate/ monobasic sodium phosphate as elemental 

 phosphorus 500 to 1000 mg orally, 3 times daily (dose may be limited 

 by diarrhoea). 
1
 

 

And  

 



● Combination therapy with calcitriol to maintain normal serum phosphate 

 concentrations.  

 

2 Dietary supplementation: 

 

● Milk is rich in phosphate and is a useful adjunct in the management of 

 chronic hypophosphataemia. 

 

Disposition 

 

Treatment of hypophosphataemia should be done in close consultation with ICU and/ or 

Endocrinology  
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