
 

HYPOMAGNESAEMIA 

 

“Three Men and a Boy” (Detail),  oil on canvas, c. 1647- 48  Louis Le Nain, National 

Gallery London. 

 

“What diabolical villainy you have performed here”, said Porthos, when the officer 

had rejoined his companions and the four friends found themselves alone.  

 

“Shame, shame, for four Musketeers to allow an unfortunate fellow who cried for help 

to be arrested in their midst! And a gentleman to hobnob with a bailiff !” 

 

“Porthos”, said Aramis, “Athos has already told you that you are a simpleton, and I 

am quite of his opinion. D’Artagnan, you are a great man; and when you occupy 

Monsieur de Treville’s place, I will come and ask your influence to secure me an 

abbey”. 

 

“Well, I am in a maze”, said Porthos; “do YOU approve of what d’Artagnan has 

done?” 

 

“PARBLEU! Indeed I do”, said Athos; “I not only approve of what he has done, but I 

congratulate him upon it”.  



 

“And now, gentlemen”, said d’Artagnan, without stopping to explain his conduct to 

Porthos, “All for one, one for all - that is our motto, is it not?” 

 

“And yet -” said Porthos. 

 

“Hold out your hand and swear!” cried Athos and Aramis at once. 

 

Overcome by example, grumbling to himself, nevertheless, Porthos stretched out his 

hand, and the four friends repeated with one voice the formula dictated by d’Artagnan:  

 

“All for one, one for all! 

Alexandre Dumas, “The Three Musketeers”, 1844.  

 

The three Musketeers were inseparable -  “All for one, one for all!”- they would cry!. If 

one went down, then so would all three! We may also see this noble association among 

three of our most famous electrolytes - magnesium, potassium and calcium - if 

magnesium goes down - then it’s a case of all for one - all three may go together!     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Musketeer”, oil on canvas, Jean-Louis Ernest Meissonier (Hermitage, St. Petersburg) 

 



HYPOMAGNESAEMIA 

 

Introduction 

 

Magnesium deficiency is a difficult diagnosis to establish, and is often overlooked as 

the symptoms are non-specific and do not appear until severe deficiency exists.  

 

Significant deficiency can result in:  

 

● Cardiac effects 

 

● Neurological effects 

 

● Metabolic effects: 

 

 ♥ Principally manifested as association with the “triad of deficiency” - 

  with hypokalaemia and hypocalcaemia.     

 

In the ED deficiency is mainly seen in states of malnutrition, diarrhoea, DKA and 

alcoholics. 

 

Physiology 

 

Normal blood levels: 

 

The quoted normal range for serum magnesium levels varies according to the author or 

laboratory.  

 

In general terms it is around 0.8 to 1.0 mmol/L 
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A serum magnesium concentration lower than 0.8 mmol/L usually indicates 

magnesium depletion.  

 

Values lower than 0.4 mmol/L indicate severe deficiency. 
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Note however that serum magnesium concentration is not a sensitive indicator of 

magnesium deficiency, as this may not truly reflect total body stores.   

 

Nonetheless it is commonly used in the absence of other reliable methods of estimating 

the true magnesium status.  

 

Magnesium levels are usually measurably low in cases of symptomatic patients, but it 

should be noted that levels may be normal in patients with significant intracellular 

depletion.  

 

Normal distribution 

 

Magnesium is primarily an intracellular ion. 

 

It is the second most prevalent intracellular cation after sodium. The majority (> 50 %) 

of intracellular magnesium is found within bone. 

 



Only 0.3 % of the total body magnesium is found extracellularly. 

 

In blood: 
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● 55% of the magnesium is free (ionised) and physiologically active. 

 

● 30% is bound to proteins (primarily albumin). 

 

● 15% is complexed to anions. 

 

Physiological functions:  

 

Magnesium is an essential biological ion. 

 

It has a critical role in a wide variety of metabolic processes, including: 

 

● As an enzyme cofactor for the maintenance of cellular membranes 

 

● The activity of many enzyme systems 

 

● Complex regulatory roles in the metabolic pathways of other essential ions, 

 such as potassium and calcium 

 

● Important roles with regard to neurochemical transmission and muscular 

 excitability. 

 

Causes of hypomagnesaemia: 

 

1. Reduced intake: 

 

 ● Malnutrition, in particular alcoholics 

 

 ● Malabsorption states.  

 

2. Increased loss: 

 

● Lower GIT losses, diarrhoea: 

 

♥ In particular this is seen in conditions of malabsorption such as 

 alcoholic patients, inflammatory bowel disease or extensive 

 bowel resections. 

 

 ● Renal, in particular 

 

♥ Diuretics, osmotic diuresis (ie diabetics) and rarely magnesium 

 losing nephropathies.  

 

3. Drugs, including: 

 

 Most commonly: 

 

● Diuretics: 



 

♥ Thiazides  

 

♥ Loop diuretics. 

 

 ● Alcohol. 

 

 Less commonly: 

 

 ● Cisplatin. 

 

 ● Cyclosporin 

 

 ● Systemic, HFl toxicity. 

 

● Some antimicrobial agents: 

 

 ♥ Aminoglycosides, amphotericin B, pentamidine   

 

Clinical Features 

 

The major complications of hypomagnesaemia relate to increased neuromuscular and 

myocardial excitability. 

 

1. Neurological effects: 

 

 Increased neuromuscular excitability (effects are similar to calcium deficiency) 

 

● Paraesthesia. 

 

● Hyperreflexia. 

 

● Muscular cramps/ tetany 

 

● Trousseau and Chvostek signs may be seen. 

 

● Convulsions are the most serious neurological complication. 

 

2. Cardiac effects: 

 

● ECG may show non-specific ST-T wave changes, somewhat similar to 

hypokalaemia with ST segment depression and U wave formation. 

 

● Prolongation of the P-R interval or more importantly the Q-T interval, 

 which may result in torsades des pointes. 

 

● Tachyarrhythmias, especially in association with hypokalaemia and / or 

digoxin therapy.  

 



3. Metabolic effects: 

 

Magnesium deficiency, by a complex series of interactions, is often seen in 

association with deficiencies of potassium and calcium as a “triad of 

deficiency” 

 

Hypokalaemia: 

 

 Hypomagnesaemia may also be a cause of refractory hypokalaemia. 

 

● The hypokalaemia is induced by a mechanism not clearly understood but 

involving increased urinary potassium loss.  

 

● Additionally most of the conditions that cause hypomagnesaemia also 

cause hypokalaemia, so the two should be always considered together. 

 

 Hypocalcaemia: 

 

● An important reversible cause of hypocalcaemia is magnesium 

deficiency, which can cause hypoparathyroidism by impairing PTH 

synthesis/ secretion and/ or a peripheral parathyroid hormone resistance. 

 

Investigations 

 

Most laboratories measure total magnesium (not free ionised magnesium). Caution 

therefore should be taken in interpreting results from patients who have low total 

magnesium and low albumin, as they may have normal concentrations of ionised 

magnesium. 

 

Blood levels may not accurately reflect total body stores.  

 

In acidosis magnesium shifts from the intracellular to the extracellular space, whereas 

in alkalosis the reverse occurs. Magnesium levels therefore may not accurately reflect 

total body stores in cases of acidosis or alkalosis. 

 

Indications for measuring the serum magnesium include: 

 

● Tachyarrhythmia (other than sinus tachycardia) 

  

● Persistent severe diarrhoea  

 

● Myocardial infarction  

 

● Digoxin toxicity   

 

● High alcohol intake  

 

● Resistant hypokalaemia 

 

● Therapeutic use of magnesium infusion (eg pre-eclampsia/ eclampsia). 



 

Management 

 

1. Always consider the underlying cause and correct this if possible. 

 

2. Replacement of magnesium in deficiency states: 

 

Asymptomatic hypomagnesaemia  

 

In mild asymptomatic hypomagnesaemia or magnesium deficient patients oral 

magnesium supplements may be used. 

 

Magnesium aspartate 1 to 3 grams (containing elemental magnesium 74.8 

to 224.4 mg) orally, daily in divided doses, with food. 
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Asymptomatic hypomagnesaemia does not require immediate treatment, but 

should be expedited if: 

 

● Levels are very low. 

 

● In the setting of acute coronary syndrome. 

 

● In the setting of digoxin toxicity. 

 

 ● Refractory hypokalaemia. 

 

Symptomatic hypomagnesaemia OR severe hypomagnesaemia (< 0.4 mmol/L) 

 

Symptomatic hypomagnesaemia  (cardiac complications or seizures thought to 

be due to this cause) or severe hypomagnesaemia should treated with 

intravenous magnesium. 

 

IV Administration of magnesium sulphate for deficiency states:  

 

Vials of 50% magnesium sulphate contain 2.5 grams MgSO4, - in the 5 ml 

 ampoules. 

 

This is 10 mmol of magnesium per 5 ml vial. 

 

● For deficiency states give: 

 

One 5 ml ampoule, 10 mmol (2.5 grams) should be diluted in 100 

mls of normal saline and given over at least 30 - 60 minutes.  

. 

Repeat if needed, titrate to effect and serum magnesium concentration. 

 

Monitoring: 

 

Infusions of 10 mmol of magnesium over 30 minutes or more do not generally 

routinely require ECG monitoring. 

 

ECG monitoring should be used in cases where: 



 

● The infusion rates are greater than 10 mmol within 30 minutes. 

 

● The patient is severely hypomagnesaemic and / or has been symptomatic 

(eg arrhythmias) from hypomagnesaemia. Monitoring in these cases will 

be necessary not only for the magnesium infusion, but also because of 

the hypomagnesaemic state itself. 

 

3. Correct any associated electrolyte disturbances: 

 

● Look for and correct any associated hypokalaemia, or hypocalcaemia, 

(see separate guidelines) 

 

Note that a number of conditions can be treated with magnesium sulphate even though 

measured serum levels of magnesium are normal. These include pre-eclampsia, torsade 

des pointes VT, multifocal atrial tachycardia and digoxin toxicity (see separate 

guidelines for these conditions) 
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