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Introduction
Magnesium is an essential element for almost all biological 

systems, including humans. It normally exists as the divalent cation, 
Mg2+. As an ion, magnesium has multiple functions in the human 
body. It plays a critical role in cellular electrical activity through 
its transmembrane and intracellular modulatory effects. It is 
responsible for nerve conduction, gastrointestinal absorption, and 
ATP activity. It is also important in DNA and RNA metabolism as 
well as plays a critical role as a cofactor in multiple pathways in the 
body [1]. Magnesium homeostasis in the human body is regulated 
by various organ systems. The average daily intake of magnesium 
is approximately 360mg, of which a third is absorbed in the small 
bowel through a transport system as well as passive diffusion. In 
addition to absorption, the small bowel also secretes approximately  

 
40mg of magnesium in its secretions. Other areas of magnesium 
absorption include the large bowel, where approximately 20mg is 
absorbed. To maintain homeostasis, the magnesium level should be 
kept fairly constant. Hence, the excess of 100mg that is absorbed 
daily is secreted and regulated by the kidneys [1,2]. At the level 
of the kidney, approximately 80% of total plasma magnesium is 
filtered at the glomerulus, with 15-25% being passively absorbed 
at the proximal tubule, and 5-10% at the distal tubule. The majority 
is reabsorbed at the thick ascending loop of Henle (60-70%) [2]. 
While magnesium has many uses in medicine, this article serves 
to discuss its uses particularly in the acute care setting such as 
the emergency department (ED). The most common conditions 
in which magnesium is used include asthma, certain cardiac 
arrhythmias, and pre-eclampsia.

ARTICLE INFO ABSTRACT

Magnesium is an important element in our bodily functions and metabolism. 
However, its use may lack emphasis and evidence as compared to the other elements 
such as potassium and calcium. This is often guided by personal experience, physicians’ 
familiarity, and comfort level. In the Emergency Department, magnesium may be used 
almost daily for acute conditions such as severe asthma, dysrhythmia such as Torsades 
des Pointes, hydrofluoric acid burns and pre-eclampsia/ eclampsia syndrome. Its 
other uses in migraine and headache syndromes, exacerbation of chronic obstructive 
pulmonary disease and alcohol withdrawal remains patchy and not strongly evidence 
based. In these conditions, there is a need to explore further with larger multi-centre 
trials whether it should be an adjunct or standard therapy. 
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Renal Physiology
Loop of Henle [3]

Magnesium reabsorption is primarily passive, driven by the 
electrical gradient generated from the movement of sodium, 
potassium, and chloride. The relatively positively charged apical 
end nearer to the tubular lumen promotes the movement of 
magnesium towards the negatively charged basolateral end nearer 
to the peritubular capillary. The movement of magnesium between 
cells is facilitated by tight junction proteins, specifically claudin-16 
(CLDN16) and claudin-19 (CLDN19). These proteins are also 
responsible for the reabsorption of calcium ions. Therefore, factors 
affecting magnesium transport arise from alterations through the 
aforementioned variables. For example, loop diuretics that inhibit 
Na/Cl transport result in decreased magnesium reabsorption, 
while mutations in CLDN16/19 cause familial hypomagnesemia 
with hypercalciuria and nephrocalcinosis (FHHNC) [3,4]. 

Other factors that influence magnesium transport at the loop of 
Henle include but are not limited to:

-	 Plasma magnesium concentration

-	 Plasma calcium concentration

-	 Hormones (PTH {parathyroid hormone}, calcitonin, 
glucagon, beta-adrenergic agonists)

-	 Acid-base changes

Distal Reabsorption [5]

The movement of magnesium from the tubular lumen into 
the cells of the distal convoluted tubule occurs passively. This is 
mediated by a channel complex (TRPM6, TRPM7), driven by an 
electrical gradient that is generated by movement of potassium into 
the tubular lumen. The mechanisms by which magnesium exits the 
cells of the distal convoluted tubule into the peritubular capillary 
have yet to be fully elucidated. However, certain proteins that seem 
to be responsible for this process include the CNNM2 gene which 
encodes a protein found on the basolateral surface of the DCT, as well 
as the gamma subunit of the Na-K-ATPase [1,5]. Factors affecting 
magnesium transport at the DCT include mutations in TRPM6 
which causes hypomagnesemia with secondary hypocalcemia, or 
mutations in the gamma subunit of the Na-K-ATPase which causes 
isolated renal hypomagnesemia. Certain diuretics that act distally, 
such as thiazide diuretics, can be associated with hypomagnesemia 
when used chronically [2,4,6].

Hypomagnesemia 

As discussed above, there are many causes for hypomagnesemia. 
In clinical practice, the main causes can be divided into 
gastrointestinal losses as well as renal losses.

Gastrointestinal Losses

The main causes of hypomagnesemia related to gastrointestinal 
losses include depletion from diarrhoea or vomiting, acute 
pancreatitis, medications such as proton pump inhibitors (PPIs) 
and rarer genetic disorders related to magnesium absorption. 
Magnesium depletion is more likely to be observed in diarrhoea 
as compared to vomiting due to the higher magnesium content 
in lower tract secretions as compared to upper tract secretions. 
Other scenarios where hypomagnesemia may be observed include 
malabsorption syndromes, as well as post-small bowel bypass 
surgery [6]. Acute pancreatitis causes hypomagnesemia in a similar 
fashion to the way it causes hypocalcemia, by the saponification 
of these cations into the salt forms in necrotic fat. Additionally, 
hypomagnesemia might in turn worsen the extent of hypocalcemia 
by lowering parathyroid hormone (PTH) secretion [7]. A study that 
investigated PPI use and its association with hypomagnesemia 
showed that PPI use was associated with an increased risk of 
hypomagnesemia (odds ratio 1.54) only if the patients were 
concurrently on diuretics. 

There was no significant association between PPI use and 
serum magnesium if the patients were not on diuretics. While 
the exact mechanism has not been fully elucidated, it is thought 
that PPIs affect passive magnesium absorption across intestinal 
epithelial cells [8-10]. Genetic disorders can also contribute to 
gastrointestinal loss of magnesium. Intestinal hypomagnesemia 
with secondary hypocalcemia is a condition that has shown 
to have both X-linked recessive as well as autosomal recessive 
inheritance. The autosomal recessive form is due to mutations in 
the TRPM6 gene as mentioned above. As the protein coded by this 
gene acts as an apical magnesium channel and is expressed in both 
intestinal epithelia and the renal tubules, this condition results in 
both decreased intestinal magnesium absorption as well as renal 
magnesium wasting [3,11-13].

Renal Losses

Extrinsic causes of magnesium losses in urine include certain 
drugs, alcohol, metabolic imbalances, and diabetes mellitus. 
Loop and thiazide diuretics may cause hypomagnesemia through 
inhibition of reabsorption of magnesium, though this is typically 
not significant as increased proximal reabsorption as discussed 
earlier would counteract these losses. Other well-known examples 
of nephrotoxic drugs include aminoglycosides, amphotericin 
B, cisplatin, and digoxin [10]. Alcohol too has a direct effect on 
hypomagnesemia by causing tubular dysfunction. However, 
alcohol toxicity can also precipitate other complications such 
as pancreatitis and malnutrition, each of which also contribute 
to hypomagnesemia as discussed above [11]. As calcium and 
magnesium both use similar transport mechanisms in the loop of 
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Henle, conditions that cause hypercalcemia can negatively impact 
the reabsorption of magnesium. An established mechanism of how 
this happens is seen when calcium binds to the calcium-sensing 
receptor (CaSR) in the loop of Henle. This results in downregulation 
of CLDN16 and CLDN19, which as discussed above are responsible 
for the movement of magnesium in the loop of Henle [3,12]. Rarer 
causes include familial magnesium wasting, the most common 
of which is Gitelman syndrome. Other causes include Bartter 
syndrome, and mutations in the various genes responsible for 
channels in the magnesium transport physiology [13].

Uses of Magnesium in Acute Care Medicine
Magnesium derangements are more often overlooked 

compared to those of sodium, potassium and calcium. Below we 
present the discussion on the use and importance of magnesium in 
several acute conditions, which may present to the ED. 

Asthma

Asthma is a chronic reversible airway obstruction caused by 
airway inflammation, smooth muscle spasm and mucous plugging. 
Usual initial emergency management includes supplemental 
oxygen, nebulized short acting beta-adrenergic medication (eg. 
salbutamol), nebulized muscarinic antagonist (eg. ipratropium) 
and systemic corticosteroids (eg. prednisolone). Supraphysiologic 
unbound magnesium produces a short term block of calcium 
channels which interferes with smooth muscle contraction, inducing 
bronchodilation. Magnesium ion, due to its effects on calcium, also 
inhibits the release of acetylcholine from motor nerve terminals, 
inhibiting histamine release from mast cells and decreasing 
production of mucus in secretory glands [14]. Magnesium sulfate 
can be administered either through intravenous form or nebulised 
form. 

Forms of magnesium sulfate can be used in conjunction 
with the usual treatment [15]. There are various treatment 
regimens available but most of the time, a loading dose of 1.2g-
2g IV magnesium sulfate is given over 20 minutes. The GINA 
(Global Initiative for Asthma) Guidelines currently suggest that IV 
magnesium sulfate is not recommended for routine use but could 
be beneficial in certain population groups which are generally those 
with more severe exacerbations [16]. Adding magnesium sulfate 
to the current standard treatments could be beneficial, especially 
when the response to the initial management is suboptimal as 
magnesium sulfate is also a relatively safe drug that is readily 
available. During this period of the COVID 19 pandemic, the use 
of nebulized medication must be guided by your local institution 
policies in view it is potentially an aerosol-generating procedure 
[17].

Arrhythmias

Torsades de pointes are a unique form of ventricular arrhythmia 
(polymorphic ventricular tachycardia), most often precipitated 

by drugs that prolong the QT interval. These include Class I and 
III antiarrhythmics, phenothiazines, tricyclic antidepressants, 
some non-sedating antihistamines, butyrophenones and 
macrolides. Other precipitants include electrolyte imbalances 
(hypomagnesemia, hypokalemia), hypothyroidism, bradycardia, 
and cardiac diseases (acute ischemia, myocarditis) [18]. 
Magnesium acts on myocardial ion channels, most notably on Na-
K-ATPase, as magnesium is an important cofactor in all reactions 
involving ATPase. Hence, Na-K-ATPase function is impaired in 
hypomagnesemia, which results in the ECG changes and subsequent 
ventricular arrhythmia [18,19]. In the majority of patients, a single 
bolus of 2g magnesium sulfate is sufficient to restore sinus rhythm 
within 5 minutes. Before the discovery of magnesium sulfate’s 
effectiveness, alternative treatments include transvenous cardiac 
pacing, or pharmacological interventions like atropine. Magnesium 
has advantages over the alternative treatments because it is safer, 
highly effective, and easier to administer quickly in emergency 
situations [18,20].

In patients with chronic heart failure, hypomagnesaemia has 
been seen, likely due to increased magnesuria from medium to long 
term loop diuretic use [4,5,10]. Another study demonstrated that 
magnesium treatment reduced episodes of non-sustained VT, but 
no change in the risk of adverse events or death [20]. In yet another 
study enrolling 1068 patients with New York Heart Association 
Class 3 and 4 heart failure patients, serum magnesium was shown 
to not be an independent risk factor for both sudden death and 
all causes of death [21]. Also, thus far there have been no strong 
link between magnesium and both in-hospital and out of hospital 
cardiac arrest [19,20].

Preeclampsia

Pre-eclampsia is a condition in pregnancy characterized 
by new-onset hypertension and organ dysfunction, typically 
presenting after 20 weeks of gestation. There is a wide spectrum 
of presentation that can range from mild hypertension to life-
threatening organ dysfunction. Eclampsia refers to the presence of 
generalized tonic-clonic seizures in a patient with pre-eclampsia 
in the absence of any underlying neurologic conditions. Features 
that suggest a severe presentation of preeclampsia or imminent 
eclampsia include persistent headache, visual symptoms, epigastric 
pain, altered mental status, clonus, and abnormal biochemical 
tests (liver function test, full blood count). If left untreated, pre-
eclampsia can progress and lead to complications such as intra-
cerebral hemorrhage, disseminated intravascular coagulation, 
placental abruption, and death. The only definitive treatment for 
pre-eclampsia is delivery of the placenta [22]. The MAGPIE trial 
(2002) investigated the use of magnesium sulfate in the prophylaxis 
of eclampsia and concluded that the administration of magnesium 
sulfate in women with pre-eclampsia reduced the risk of developing 
seizures subsequently, with the number needed to treat being 100 
in women without severe features, and 60 in women with severe 
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features. Additionally, magnesium prophylaxis also reduced the 
risk of maternal death in those without severe features of pre-
eclampsia. There was no difference in neonatal outcome [23].

The mechanism by which magnesium acts as an anticonvulsant 
is still not fully understood. It is believed that magnesium acts as 
a NMDA receptor antagonist and blocks the action of excitatory 
neurotransmitters such as glutamate which is released during 
seizure activity. By inhibiting the NMDA receptor, the seizure 
threshold is increased. Other hypotheses include the action of 
magnesium sulfate to stabilize the membrane by its function as a 
nonspecific calcium channel blocker and decreasing acetylcholine 
transmission in motor nerve terminals [22,24]. According to the 
collaborative eclampsia trial regimen25, a loading dose of 4g is 
given intravenously over 5 minutes, followed by an infusion of 1g/
hour maintained over 24 hours [25]. Recurrent seizures will be 
treated with a further dose of 2-4g given over 5 minutes. Magnesium 
sulfate is also found to be superior to phenytoin and diazepam 
for the treatment of eclampsia [22,25]. Thus, to date, magnesium 
remains the first line drug and gold standard in the management of 
pre-eclampsia/ eclampsia.

Other Uses

The use of magnesium in migraine is because of its effect 
on serotonin receptor activity . There is also postulation on the 
effect of magnesium on cerebral vasospasm. Some may use it 
for prophylaxis, whilst there are suggestions for its use in acute 
migraine [26,27]. For example, Muskop et al demonstrated relief of 
acute migraine, tension headache and cluster headache in 32 out of 
40 of their patients given IV magnesium [27]. Whilst evidence may 
be less strong and remain controversial, this is an area to watch for 
further developments. For its use in alcohol withdrawal, it is linked 
to the often-observed low magnesium levels in chronic alcoholics, 
malnutrition, and GI losses [11,28]. Recommendations from the 
American Society of Addiction Medicine states there is no evidence 
that magnesium supplementation reduces withdrawal severity, 
frequency of delirium and seizures [28]. The use of magnesium 
for hydrofluoric acid burns is based on the observation that it is 
a potent fluoride ion chelator. There are some anecdotal studies 
that show it reduces the severity of the burns. Hydrofluoric acid 
burns cause deep injuries to the skin layers and it has been linked 
with hypocalcaemia, hyperkalemia and hypomagnesemia as well 
as death in some severe cases [29,30]. Despite its use in severe 
asthma, the use of magnesium in chronic obstructive lung disease 
exacerbation, remains controversial [31,32]. 

Magnesium Sulfate Toxicity

In patients with renal impairment, dose adjustment and close 
monitoring is required to avoid magnesium toxicity. With older 
patients, the risk also increases, thus the need for surveillance 
monitoring for those on long term therapy. One positive point on the 

use of magnesium is that the therapeutic index is relatively wide, 
which means adverse effects are less common. While generally safe, 
features of magnesium toxicity include its effects on the central 
nervous system as well as the cardiovascular system. The toxicity 
is directly correlated with the serum concentration. In order of 
ascending magnesium concentration, features include loss of deep 
tendon reflexes ( usually at Mg levels of 3.5-5.0 mmol/l), respiratory 
paralysis ( at Mg levels 5.0-6.5 mmol/l), cardiac arrhythmias and 
cardiac arrest (>7.5 mmol/l levels) [33]. The management of 
magnesium toxicity is with calcium gluconate, which is given to 
patients presenting with cardiac side effects. Furosemide can be 
given as well to increase the renal excretion of magnesium [33].

Conclusion
Magnesium is a vital electrolyte that is necessary for the proper 

functioning of ATP, which in itself is involved in practically every 
important biochemical process within the human body. In torsades 
de pointes and pre-eclampsia, the role of magnesium has been 
well documented to show efficacy and its usefulness in improving 
patient outcomes. With asthma, the role of magnesium is as second 
line, in severe attacks not responsive to first line treatment. For 
other clinical use, there remains some controversies and the use 
tend to be guided by familiarity with the drug. Currently, the range 
of very discordant publication certainly calls for a need to have a 
good, large scale randomized controlled multi-centre trial that will 
help strengthen the evidence [34,35].
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