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Abstract. With our study, we searched the 
medical literature to find magnesium (Mg) cor-
relation with Emergency situations or its use 
in Emergency Medicine. Our aim is to fill the 
gap that we find in our daily routine between 
Mg studies on its role in Emergency and the re-
al conception that doctors have of it in medical 
practice. We searched the literature for terms 
as magnesium or magnesium sulphate, mag-
nesium in emergency, eclampsia, arrhythmias, 
acute asthma exacerbation, magnesium, and 
pediatric population. After a thorough research, 
we divided our discoveries into chapters to sort 
out a large amount often discordant articles.
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Introduction

Magnesium (Mg) is one of the most common 
cations in the human body and its role is well 
known in human biology. Many researches in the 
last decades focused on studying its role as an aid 
or even a therapy for different conditions, some of 
which are life-threatening. However, solid large 
prospective studies are lacking.

Up to now the use of Mg in the Emergency 
Department (ED) has entered the daily routine 
in the treatment of many conditions. However, 
this is often due to personal experiences and not 
to codified international guidelines, and in any 
case, this is done in the absence of solid scientific 

basis. Furthermore, there is an important lack of 
clinical studies which waits to be filled.

With our research, we tried to take stock of 
the situation to start filling the gap in the medical 
emergency literature.

The discovery of magnesium sulphate (MgSO4) 
as a drug happened in the late 19th century, as it 
was used for treating eclamptic fits by intrathecal 
injections in 19061. 

Magnesium is an abundant mineral in the 
body, present in the bone, the heart, and the 
central nervous system. Of all the cations in the 
human body, Mg is the fourth most common 
one, or the second if you consider only the in-
tracellular level2. It has an extremely important 
role in the ATP cycle, in DNA, RNA and protein 
metabolism and is a cofactor for more than 300 
enzymatic reactions3. It plays a part in regulating 
muscle relaxation, blood pressure, electrical ex-
citability in the heart cells, insulin metabolism, 
vasomotor tone, neuromuscular conduction, and 
nerve transmission. 

It affects smooth muscle relaxation by:
– Regulating ion passage through calcium chan-

nels and inside the cell through competitive 
action;

– Reducing the depolarizing effect of acetylcho-
line on the neuromuscular endplate;

– Reducing the effect of calcium on the release 
of neurotransmitters at motor-nerve terminals;

– Stimulating the smooth muscle relaxing effect 
of prostaglandins;

– Acting as a crucial part in the activation of 
adenylate cyclase through the interaction of 
the beta-agonist receptor complex, G protein, 
and GTP4.
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It helps regulate the activation of cardiac mus-
cle by:
– Affecting myocardiocyte depolarization by 

modulating the calcium channel activity;
– Affecting the resting membrane potential of 

myocardiocytes by influencing inward rec-
tifier potassium channels. Because of this, 
it is crucial for the ATPase pump function 
and its action helps stabilize membranes in 
any excitable tissue. It has anti-inflamma-
tory properties because of the reduction of 
super-oxide creation it causes (in vitro), and 
the free-radical scavenging. The normal se-
rum concentration of Mg is 1.5-2.5 mEq/L 
(1.8-3.0 mg/dL). 
Mg is bound to plasmatic proteins in a per-

centage that varies from 30% to 50%5. Markedly, 
the only biologically active part is the ionized 
one6. One vial of MgSO4 heptahydrate contains 
1 g/10 ml, which corresponds to 8.1 mEq. This is 
the most frequently used dosage, although vials 
of 2 g/10 ml, 2.5 g/10 ml, and 2 mEq/mL exist. 
There is no oral-use Mg-based drug with an 
equivalent dosage. Saline solution (0.9%) and glu-
cose solution (5%) are used to dilute it. The solu-
tion’s pH is between 5.5-7.0, with an osmolarity of 
811 mOSm/L. The right way to store it is at room 
temperature. The drug precipitates if mixed with 
solutions containing high-concentration alcohol, 
heavy metals, carbonates and bicarbonates, so-
dium hydrocortisone, succinates, phosphates, 
polymyxin B sulphate, procaine hydrochloride, 
calcium salicylate, clindamycin phosphate, and 
tartrates. Extra precautions are needed if the pa-
tient is taking some drugs7, as shown in Table I. 
A Mg bolus leads to a significant but short-lived 
increase of Mg serum concentration, due to re-
nal excretion and distribution, as well shown by 
Biesenbach et al8. 

Side effects of Mg administration are rare, 
thanks to its wide therapeutic index. If they occur, 
they usually consist of facial flushing or transient 
hypotension if the infusion is too fast. In renal 
failure, the dose of MgSO4 must be adjusted and 
the serum levels must be frequently monitored9.

Hypomagnesemia is present in various chron-
ic diseases, like Alzheimer’s disease, hyperten-
sion, insulin resistance, type-2 diabetes mellitus, 
cardiovascular diseases, migraines, ADHD, and 
chronic kidney failure10. It can cause platelet 
dysfunction, neurological and cardiovascular al-
terations, immune system depression, changes 
in insulin response, and electrolyte imbalances. 
The most frequent cause of low Mg levels is the 
chronic use of PPIs (proton pump inhibitors), 
especially when associated with diuretics, as is 
often done in chronic kidney failure. Other caus-
es of chronic hypomagnesemia are low intake 
(starvation), high requirement (pregnancy, early 
childhood or lactation) or excessive loss (malab-
sorption from the GI tract, the kidneys, or both, 
e.g. in alcoholism). Possible acute causes are 
epinephrine administration, exposure to extreme 
cold, extensive surgery or acute injury. Hypo-
magnesemia can be asymptomatic. If it is not, it 
can manifest itself with: myoclonus, ataxia, sei-
zures, psychiatric symptoms (apathy, delirium), 
Chvostek sign, Trousseau sign (rare), nystagmus, 
dysphagia, spontaneous carpopedal spasm (rare), 
cardiac arrhythmias (which can cause unexpect-
ed death), hypocalcemia (sensitive only to Mg 
infusion), tremor, and hypokalemia (almost only 
sensitive to Mg infusion). The standard dose for 
correcting hypomagnesemia is 1 mEq/kg on the 
first day, followed by 0.3 to 0.5 mEq/day for 3 to 
5 days11. In emergencies (seizures, and dangerous 
cardiac arrhythmias) a bolus injection of 1 g (8.1 
mEq) can be used. 

Table I. Drugs for which caution is required in the administration of magnesium.

Depressors of  the central nervous system In this case the dosage of MgSO4 has to be reduced
 (barbiturates, narcotics, hypnotics, general anesthetics)
Cardiac glycosides. In case of Mg overdose these drugs worsen the effects on 
  cardiac conduction.
Eltrombopag (oral agonist of trombopoietin receptors). MgSO4 reduces its effect
Rocuronium Together the two drugs amplify the neuromuscular blockage 
  and risk causing an important respiratory depression
Labetalol Mixing the two can cause bradycardia, reduction 
  of the cardiac output and syncope
Calcium antagonists Together they can cause severe hypotension
Neuromuscular blockers (like aminoglycoside antibiotics) MgSO4 can amplify their effect
Nifedipine It has an additive effect
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Hypermagnesemia is not often seen and is al-
most always iatrogenic. If 12 mg/dL of Mg serum 
levels are reached, the side effects are abnormal 
cardiac conduction, and respiratory depression 
due to muscle insufficiency and absence of re-
flexes (Table II12). In more severe cases, coma and 
cardiac arrest are possible. This is why a repeated 
evaluation of the patellar tendon reflex proves to 
be an efficient method of assessing the presence 
of toxicity. Older patients are more at risk for 
hypermagnesemia due to the prevalence of kid-
ney failure that compromises renal clearance. It 
is common to miss hypermagnesemia due to the 
fact that it is not a part of standard bloodworks. 
When diagnosed, it can be treated with calcium 
gluconate. There is a possible connection be-
tween high Mg levels at admission in the emer-
gency department and early in-hospital death13.

Magnesium in Eclampsia
MgSO4 has been the first and gold standard 

treatment for preeclampsia and eclampsia for 
more than 50 years14. Its routine use started 
about 100 years ago, although at the beginning 
of the twentieth century it was administered 
intrathecally, for fear of respiratory paralysis 
secondary to intravenous infusion15. However, 
the best plasma concentration range to be used 
to obtain the strongest results and avoid side 
effects is not yet known16. Compared to the use 
of Mg in other conditions, the plasmatic levels of 
Mg obtained in preeclampsia and eclampsia are 
significantly elevated. The plasma concentra-
tion necessary to prevent or treat preeclampsia 
or eclampsia is between 3.5-7 mEq/L (4.2-8.4 
mg/dL)17. To obtain these ranges, there are two 
worldwide used protocols for treatment: intrave-
nous Zuspan18 or the intramuscular Pritchard19. 
The intravenous protocol is given as a 4 g 
dose, followed by a maintenance infusion of 
1 to 2 g/h by controlled infusion pump. The 
intramuscular regimen is most commonly a 4 g 
intravenous loading dose, immediately followed 
by 10 g intramuscularly and then by 5 g intra-

muscularly every 4 h. Evidently, the doses vary 
greatly between the two protocols. Due to the 
strong differences between the normal and the 
therapeutic range, the focus of many researches 
has been on finding the lowest effective dose, 
to avoid toxic effects. In 2016, Okusanya et 
al20 produced the biggest meta-analysis on the 
subject to study the efficacy of different in-
travenous and intramuscular regimens, but no 
clear target serum level was found. The authors 
conclude the meta-analysis by suggesting that 
the effective serum Mg levels are lower than 
those normally accepted and obtained with the 
standard regimens. Therefore, they suggest the 
creation of clinical trials designed to identify se-
rum reference levels. The pathway of MgSO4 is 
not completely clear but it is well known that its 
action against eclampsia and preeclampsia is not 
caused by a single effect. Many possible roles 
of Mg were suggested by various authors. Some 
believe Mg is effective because of its action as a 
calcium antagonist, both on an intracellular and 
extracellular level, others suggest it acts directly 
on cerebral endothelial cells21. Indeed Mg may 
act as a vasodilator in the peripheral and brain 
vessels22,23 and decrease peripheral vascular re-
sistance or relieve vasoconstriction24. Moreover, 
it is believed to reduce the formation of cerebral 
edema by protecting the blood-brain barrie25, or 
through a central anticonvulsant action26. The 
most plausible effect of Mg is connected to a 
paradox. Eclampsia is no more than a form of 
posterior reversible encephalopathy syndrome 
(PRES, see also in the “miscellaneous” section) 
that is caused from high arterial blood pressure 
levels which are involved in vessel dilation, 
loss of blood-brain barrier impermeability, and 
consequently cerebral edema27. So, the admin-
istration of a vasodilator like MgSO4 should not 
be a treatment but a co-cause of eclampsia. In 
reality, the vasodilatory effect of Mg is exerted 
in an extremely more effective way in the pe-
ripheral and mesenteric vessels than in cerebro-
vascular system28. So, the Mg effect is mediated 
by a blood pressure reduction obtained through 
a peripheral enlargement of the vascular sys-
tem. About the blood-brain barrier and edema 
reduction, some authors suggest a direct effect 
on the calcium-binding protein in endothelial 
brain cells. This action on the endothelial cell 
actin cytoskeleton could reduce fluid movements 
through the cell, inducing a down-regulation in 
pinocytosis. The protective effect of Mg on the 
blood-brain barrier by reducing cerebral edema 

Table II. Relation between Mg plasma concentration and side 
effects.

MgSO4 plasma  Side effect
concentration expected

From 3.5 to 5 mmol/L Loss of the patellar reflex
From 5 to 6.5 mmol/L Respiratory paralysis
>7.5 mmol/L Cardiac conduction alterations
>12.5 mmol/L. Cardiac arrest
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is noticeable in other conditions like head trau-
ma29, confirming the existence of direct action 
on endothelial brain cells. The latter proposed 
mechanism is a direct anticonvulsant activity. 
Seizures are started and spread through the me-
diation of glutamate receptors. MgSO4 has a di-
rect effect on the N-methyl-d-aspartate (NMDA) 
antagonist receptors, which are a type of gluta-
mate receptors30. On the other hand, a reduction 
in NMDA binding activity is registered under 
Mg therapy. It is not clear which is the most 
significant pathway, and other authors disagree 
with this evidence by citing the impermeability 
of the brain-blood barrier to Mg, but the an-
ti-seizure effect cannot be denied31. Studies in 
which Mg was compared to other anti-epileptic 
or hypotensive drugs demonstrated a superiority 
of the first. In particular, the multinational Col-
laborative Eclampsia Trial showed that the risk 
of recurrent seizures in eclamptic women was 
reduced by 52% with magnesium compared to 
diazepam, and by 67% when compared to phe-
nytoin32. Similar effects were obtained in other 
trials with Mg versus nimodipine, phenytoin, 
diazepam, and placebo33-36. On the other hand, in 
a recent trial by Khooshideh at al37, while the ef-
ficacy of Mg was confirmed, it was stressed that 
there are risks of tocolytic effects during the first 
months of pregnancy, which were significantly 
higher than in phenytoin group (p < 0.001), and 
the number of cesarean sections (p = 0.040) was 
higher as well. In Brazil in 2016 Lotufo et al38 

performed a situational analysis, showing that 
there is no access to MgSO4 in primary care 
facilities for eclampsia or for the obstetric care 
staff for emergency and clinical protocols. This is 
very dangerous because Mg is the drug of choice 
for seizure prevention and control in the man-
agement of severe eclampsia. A similar study39 
was made in India in 2017 and they found that 
the availability of MgSO4 should be improved, 
and clinical guidelines around its administrations 
should be made. Training health care providers 
on the identification and treatment of preeclamp-
sia/eclampsia could lead to notable improvements 
in maternal and infant mortality. The benefits 
of MgSO4 for eclampsia had already been ob-
served40 in a retrospective study that found a 
remarkable reduction in the fatality rate due to 
eclampsia in those who received MgSO4 therapy 
with minimal increase in costs, when compared 
with diazepam therapy. Recently, it is being used 
in pre-eclamptic women undergoing elective ce-
sarean sections for its analgesic effect41.

Magnesium and cardiovascular diseases
Hypomagnesemia is a frequent finding in 

patients suffering from heart failure, especially 
if they are being treated with diuretics; in an old 
study42 where 297 patients were enrolled, hypo-
magnesemia was observed in 37% of them. Fur-
thermore, normal levels of serum Mg do not nec-
essarily correspond to normal Mg values   at tissue 
level; in fact, it was observed that in patients with 
heart failure treated for several years with di-
uretic therapy, the magnesium tissue values were 
lower than normal and tended to normalize after 
magnesium supplementation43. Diuretic therapy 
is not the only cause of hypomagnesemia in such 
patients; a disproportionate activation of the re-
nin-angiotensin-aldosterone system can also pro-
duce hypomagnesemia44; moreover, the increase 
in circulating catecholamines occurring during 
congestive heart failure increases the release of 
intracellular magnesium resulting in renal loss45.

Magnesium and Atrial and Ventricular 
Arrhythmia

Hypomagnesemia appears to promote the de-
velopment of some atrial and ventricular arrhyth-
mias. The administration of Mg has been reported 
to suppress Multifocal Atrial Tachycardia (MAT) 
in hypomagnesemic patients and, at times, in 
patients with normal Mg plasma levels46,47. The 
importance of Mg in treating and preventing ven-
tricular arrhythmias, especially after acute myo-
cardial infarction, has been known for several 
decades. In 1978 Chipperfield et al48 showed a 
highly significant decrease in Mg concentration in 
sudden-death patients. In the same period, John-
son et al49 found that the Mg levels were low in 
sudden-death patients who had a history of angina 
pectoris. We know that low potassium levels are 
frequently associated with low Mg levels and this 
type of dyselectrolytemias are common in pa-
tients treated with diuretics50. One must note that 
frequently, at variance with potassium, low levels 
of Mg remain undiagnosed and untreated51. In 
these patients, a potassium supplementation does 
not increase the potassium serum levels, but the 
administration of Mg sulfate causes an increase 
in the cellular potassium content and decreases 
the frequency of arrhythmias. Administration of 
Mg in these patients is very important because the 
arrhythmias caused by Mg deficiency are resistant 
to both antiarrhythmic drugs and electrical cardio-
version52. In a recent meta-analysis of all data re-
sources on the effect of MgSO4 on cardiovascular 
events after coronary revascularization, Salaminia 
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et al53 described how the use of Mg would decrease 
ventricular and supraventricular arrhythmias. In 
recent years, some studies are focusing on the 
possible relation between Mg deficiency and atrial 
fibrillation (AF)54. In particular, in 2013 Kham et 
al55 analyzed 3530 participants of the Framingham 
Offspring Study finding a moderated association 
between low serum Mg and the development of 
AF in individuals without cardiovascular disease 
during up to 20 years of follow up. These data 
were confirmed by Morkovits et al56 in 2016 ana-
lyzing the Health Maintenance Organization da-
tabase in which hypomagnesemia was associated 
with the incidence of AF over prolonged periods. 
Given these premises, Mg has been noted as a 
potential drug for the treatment of AF due to 
its membrane-stabilizing properties. A significant 
reduction below 100 bpm in heart rate during a 
rate control approach seems to be achieved in 
two studies57,58 mostly with digoxin as background 
therapy. Furthermore, researches59 focused on the 
role of Mg for rhythm control in acute AF along 
with antiarrhythmics drugs, demonstrating an in-
creased success of cardioversion but without a 
dose standardization. However, the role of intrave-
nous infusion of Mg by itself in the treatment of 
AF is not clear. Rajagopalan et al60 in a recent trial 
randomized patients to receive Mg or placebo be-
fore electrical cardioversion: Mg infusion did not 
statistically increase the rate of successful cardio-
version of AF, but its excellent safety profile and its 
properties would seem to make Mg a good option 
to use in facilitating electrical cardioversion. This 
observation reinforces Sultan’s et al thesis61 that a 
solution of Mg and potassium administered before 
electrical cardioversion could reduce the required 
energy. Since AF is the most common arrhythmia 
after cardiac and thoracic surgery, many studies 
in the last twenty years have looked for a way to 
prevent it. Two large meta-analyses62,63 focused on 
arrhythmia prevention, analyzing its association 
with Mg, both in cardiac62 and in thoracic sur-
gery63. The current literature supports the tolera-
bility of Mg administration that appears to reduce 
AF without significant adverse events, but there is 
limited evidence to support the routine adminis-
tration of Mg for prevention of arrhythmias during 
and after cardiothoracic surgery.

Magnesium and Torsade De Pointes
Torsade de pointes (TdP) is a form of polymor-

phic ventricular proarrhythmia associated with QT 
interval prolongation. This condition can be con-
genital or iatrogenic. Iatrogenic QT interval pro-

longation is associated with the use of many drugs 
such as antiarrhythmics (especially class Ia and 
III), phenothiazines and butyrophenones, tricyclic 
antidepressants, non-sedative antihistamines, an-
tibiotics (such as macrolides), antifungals, organo-
phosphates, and cocaine. QT interval prolongation 
can also be associated with bradycardia and sub-
arachnoid hemorrhage64. The effectiveness of Mg 
in TdP has been evaluated since 1990 by Tzivoni 
et al65, but an optimal dosing regimen of MgSO4 
has not been established. When VF/pulseless VT 
cardiac arrest is associated with TdP, it can be 
useful to administer an IV/IO bolus of MgSO4 at 
a dose of 1 to 2 g diluted in 10 mL66.

Digitalis Toxicity
Digitalis is an antiarrhythmic drug that acts 

by inhibiting the sodium-potassium pump, which 
causes an increase in intracellular sodium and 
subsequently an increase in Na/Ca exchange 
with an increase in intracellular Ca. Digitalis 
toxicity can induce arrhythmias by increasing 
early afterdepolarizations and delayed afterde-
polarizations67. Hypomagnesemia, like hypoka-
lemia, predisposes to arrhythmias induced by 
digitalis toxicity. Hypomagnesemia can coexist 
with normal serum Mg values, especially in pa-
tients treated with long-term diuretics therapies, 
as previously stated. In one study68 it was found 
that intravenous bolus of MgSO4, followed by 
intramuscular Mg repletion, abolished the digi-
talis-toxic arrhythmias.

Magnesium and pulmonary diseases 

Magnesium in Chronic Obstructive 
Pulmonary Disease

MgSO4 given intravenously did not seem to 
have an immediate bronchodilator effect, how-
ever, it appears to potentiate the bronchodilator 
effect of inhaled beta-2 agonists. The increase 
in peak expiratory flow rate was larger in those 
who received Mg compared to placebo, without 
significant differences in dyspnea scores, hospital 
admission rates, or emergency department read-
mission rates compared to placebo69. Intravenous 
Mg was used in addition to standard broncho-
dilator therapy in acute exacerbation of COPD, 
showing improvements in FEV1 (the percentage 
change in FEV1 was 27.07% with Mg versus 
11.39% in placebo group); similar improvements 
were noticed with FVC in Mg group70. Intrave-
nous Mg versus nebulized ipratropium bromide 
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(IB) was studied in COPD exacerbations. It was 
noted that there were no significant differences 
between the drugs with regard to hospital admis-
sion, intubation, and hospital death rates treated 
in the Emergency Department. However, patients 
given IB in average had a greater improvement 
in peak expiratory flow rate compared to MgSO4 
and there was a significant reduction in PaCO2 
compared to baseline values in IB group but not 
in MgSO4 group. There was a nonsignificant sta-
tistical trend toward a decrease in dyspnea score 
in both groups and adverse events were very 
similar71. Nebulized Mg was also studied as an 
adjuvant in the treatment of acute exacerbations 
of COPD in adults, but Edwards et al72 found that, 
given as an adjuvant to salbutamol in the setting 
of COPD, it has no effect on FEV1.

Magnesium in Acute Asthma
Asthma is a chronic respiratory condition 

characterized by airway inflammation, constric-
tion of airway smooth muscles, and structural 
alteration of the airways that is at least partial-
ly reversible. Exacerbations of asthma can be 
life-threatening and place a significant burden 
on healthcare services. Several guidelines have 
been published to inform management personnel 
in acute settings; several include the use of a 
single bolus of intravenous Mg in cases that do 
not respond to the first-line treatment. A 2014 
systematic review73 provides evidence that a sin-
gle infusion of 1.2 g or 2 g of MgSO4 over 15 
and 30 min reduces hospital admissions and im-
proves lung function in adults with acute asthma 
who have not responded sufficiently to oxygen, 
nebulized short-acting beta2-agonists, and corti-
costeroids. An adjuvant bolus of intravenous Mg 
in acute bronchospasm appears statistically ben-
eficial in improving spirometric airway function74 
and is widely used for acute asthma, usually for 
patients with severe or life-threatening asthma 
who have not responded to initial treatment. 
Nebulized MgSO4, by contrast, is hardly used75. 
In 2016 some scholars76 investigated the efficacy 
of nebulized Mg in the treatment of moder-
ate to severe asthma attacks. They found that 
adding Mg to standard therapy leads to greater 
and faster improvements in peak expiratory flow 
rate, oxygen saturation, and respiratory rate. It 
also reduced hospitalization rates in this patient 
population. Nebulized MgSO4 alone or combined 
with salbutamol has a clinically significant bron-
chodilator effect in acute asthma and leads to 
clinical improvements77-79. Long-term oral Mg 

supplementation does not lead to improved con-
trol in adult asthma, but many meta-analyses80 

of randomized controlled trials have confirmed 
the efficacy of both intravenous and inhaled (as 
an adjuvant to salbutamol nebulizer solution) Mg 
therapy in severe asthma.

Anesthesia and Pain Control
 In anesthesia, Mg has an important role 

because its deficiency has been demonstrated in 
7-11% of the hospitalized patients and it has been 
found to coexist with other electrolyte disorders, 
particularly hypokalemia or hypophosphatemia, 
hyponatremia, and hypocalcemia. Hypomagne-
semia needs to be detected and corrected to pre-
vent increased morbidity and mortality81. MgSO4 
was used during general balanced anesthesia in 
patients with arterial hypertension. Mg, acting as 
a natural calcium-channel blocker, induces direct 
and indirect vasodilatation, playing a role in the 
treatment of arterial hypertension, thus it can be 
used for cardiovascular stability during general 
anesthesia82. Mebazaa et al83 have shown that 
the administration of Mg by intrathecal route is 
safe and extends the effect of spinal anesthesia. 
This study need further investigations. Mg oral 
supplementation was also used to reduce pain in 
patients with the severe peripheral arterial occlu-
sive disease. It has been found that Mg may aid 
in maximizing the effectiveness of opioids while 
reducing their dose, and thus the severity of side 
effects. In addition to its NMDA-blocking proper-
ties, Mg has vasodilatory effects, improves endo-
thelial function and exerts an antidepressant ac-
tion84. In postoperative pain, MgSO4 was studied 
as a noncompetitive antagonist NMDA receptor 
to modify nociceptive modulation. Intravenous 
administration of Mg can improve postoperative 
analgesia and decreases the requirement for post-
operative opioids, but the effects are inconsistent 
and have not been reliably accompanied by a re-
duction in the incidence of morphine-related ad-
verse events85. MgSO4 was compared to ketorolac 
in the treatment of patients with renal colic. In a 
double-blind clinical trial study86 they found that 
MgSO4 does not influence renal colic pain relief. 
Another double-blind study87 showed that MgSO4 
could be used as an add-on drug in the treatment 
of patients suffering from a renal colic.

Magnesium and Migraines
Assarzadegan et al88 that investigated the 

possible pathogenetic role of Mg deficiency in 
migraines. This connection is based on the fact 
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that serum Mg levels are lower in patients with 
migraine, both during and in-between the at-
tacks88 than in non-cephalalgic ones. However, 
the mechanism is not clear and it is noted that the 
levels of serum ionized Mg, and the active form 
of the ion, were not different in the two groups89. 
A more practical approach to the problem has 
also been tried, and there are many different 
studies that have analyzed the use of intrave-
nous Mg as a therapy for patients with acute 
migraines. In outpatient clinics, a study showed 
the effectiveness of IV Mg in rapidly reducing 
pain, but in the ED there were contradictory re-
sults; in one study no benefit was found from the 
protocol90. A second study compared IV admin-
istration of Mg, metoclopramide, and placebo 
and found no differences between the three91. A 
third one showed that IV MgSO4 reduced pain 
more rapidly and effectively than dexametha-
sone and metoclopramide combined92. A fourth 
one argued that administering IV Mg was not 
only a fast and satisfactory treatment, but that 
it was better than ketorolac both one and two 
hours after the treatment93. The last one com-
pared the use of 2 g of intravenous Mg to 60 
mg of IV caffeine citrate and proved that the 
first option greatly outweighed the second one94. 
In summary, the connection between Mg levels 
and migraines, and the therapeutic possibilities 
that this implies are not disproven, but there is 
a great need for further investigations.

Miscellaneous
Mg was also compared with other antihy-

pertensive drugs in the ED95. There was no sig-
nificant difference in systolic or diastolic blood 
pressure between three groups (IV MgSO4, par-
enteral or oral antihypertensive, MgSO4, and 
antihypertensive agent). Intravenous MgSO4 is as 
effective as an antihypertensive drug at lowering 
blood pressure (BP) in the emergency depart-
ment. In acute stroke, Saver et al96,97 tried to test 
the prehospital use of Mg as a neuroprotective 
drug. The therapy was safe but did not improve 
disability outcomes at 90 days. In 2018, Zeng et 
al98 analyzed a possible neuroprotection effect of 
MgSO4 infusion after non-cardiac surgery, but 
at the moment there are not enough studies in 
literature to confirm or refute this hypothesis. 
Hypomagnesemia might participate in the cas-
cade leading to Posterior Reversible Encephalop-
athy Syndrome, a serious neurological condition 
for which the cause was not yet found. From 
a retrospective work, we know that all the pa-

tients with available serum Mg levels presented 
hypomagnesemia. These results99 require larger 
investigations to assess the importance of acute 
hypomagnesemia in PRES and the possible need 
to treat PRES with MgSO4. Mg could have a role 
in the management of the Irukandji syndrome, a 
condition that results from the contact with the 
venom of a certain box jellyfish. But a systematic 
review100 found insufficient evidence to support 
any clear recommendation regarding the use of 
Mg, nor was there clear evidence to recommend 
its use in the Irukandji syndrome.

Pediatric Population: 
a General Overview 

As previously described in adults, MgSO4 in 
emergency is strongly indicated in cases of TdP 
or pulseless VT associated with TdP. Limited 
data are available for many conditions in which 
Mg seems to have a precipitating or even patho-
genic role, but solid studies are missing. In recent 
years some authors101,102 have discussed the rela-
tion between Mg plasma levels and children with 
attention-deficit hyperactivity disorder (ADHD) 
or autism spectrum disorder. However, these 
findings are controversial and further researches 
may be needed to investigate the influence of low 
Mg levels and its association with brain growth. 
Recently, Baek et al103 found that hypomagnese-
mia seems to be more common in children with 
febrile seizures than in controls, maybe due to 
a modern diet containing processed food low in 
Mg, but a potential role of Mg in therapy has not 
yet been studied.

Magnesium and Asthma 
Mg use is recommended by various guidelines 

in cases of acute refractory asthma status, and its 
use has now entered clinical practice104 for this 
indication. Nebulized MgSO4 seems to have no 
particular benefit in moderate asthma exacerba-
tions105, but intravenous use may reduce the need 
for hospital admission in children presenting to 
the ED with severe asthma exacerbations, with 
a favorable “cost-benefit”106 and safety107 profile. 
However, the evidence is limited by the number 
and size of studies108. Moreover, a randomized 
trial of Alansari et al109 tried to determine the 
utility of intravenous use of MgSO4 in acute 
bronchiolitis when added to supportive care, but 
it does not seem to provide any particular benefit, 
although Kan et al110 would seem to encourage 
the use of inhaled MgSO4in the same condition, 
in addition to standard therapy.
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Magnesium and Fetal Neuroprotection 
Antenatal administration of MgSO4 has an 

important role in the neuroprotective strategy for 
preterm infants111,112. Strong evidence from five ran-
domized controlled trials and five meta-analyses 
has demonstrated that MgSO4, when administered 
before the preterm delivery, significantly reduces 
the risk of cerebral palsy at two years, in absence 
of serious adverse effects in both pregnant wom-
en and neonates113-117. The mechanisms underlying 
this neuroprotective effect are not well established; 
however, studies have indicated several hypotheses. 
Mg can prevent excitotoxicity via NMDA receptor 
antagonistic action and a reduction in extracellular 
glutamate118 and can exert anti-inflammatory effects 
by reducing oxidative stress and pro-inflammatory 
cytokines119. All the international guidelines uni-
formly recommended the use of MgSO4 in preterm 
birth, although the maximum term of administra-
tion (from 29 + 6 WG to 33 + 6 WG), the duration 
of the maintenance dose (from 12-24 h), and the 
possibility of re-treatment varies. 

Conclusions

Magnesium is one of the most common cations 
in the human body and its role is well known in 
human biology. Many researchers in the last de-
cades focused on studying its role as an aid or even 
a therapy for different conditions, some of which 
are life-threatening. However, solid large prospec-
tive studies are lacking. One of the most critical 
points concerning Mg research is about the right 
therapeutic dose. A slow intravenous bolus of 2 g 
of MgSO4, infused in not less than 20 min, seems 
to be the preferred dose in most investigations to 
minimize the side effects of a rapid administration 
while exploiting its full potential. Up to now the 
use of Mg in the ED has entered the daily routine 
in the treatment of many conditions, but often this 
is due to personal experiences and not to codified 
international guidelines, and in any case, in the 
absence of a solid scientific basis. The only emer-
gency conditions in which MgSO4 infusion has 
shown efficacy by itself are eclampsia, Torsade 
de Pointes, acute refractory asthma status and 
fetal neuroprotection. Nevertheless, mild rhythm 
disturbances like symptomatic extrasystole or 
multifocal atrial tachycardia in stable patients can 
benefit from Mg infusion, especially in association 
with standard therapy; however, in these condi-
tions, there is an important lack of clinical studies 
which waits to be filled.

Conflict of Interests
The authors declare that they have no conflict of interests.

References
  1) Chesley lC. History and epidemiology of pre-

eclampsia-eclampsia. Clin Obstet Gynecol 1984; 
27: 801-820. 

  2) Kaye P, O’sullivan i. The role of magnesium in the 
emergency department. Emerg Med J 2002; 19: 
288-291.

  3) Gröber u, sChmidt J, Kisters K. Magnesium in preven-
tion and therapy. Nutrients 2015; 7: 8199-8226. 

  4) WallaCe C. Magnesium. Emerg Med 2003; 15: 92-
96. 

  5) Chesley lC. Parenteral magnesium sulfate and 
the distribution, plasma levels, and excretion of 
magnesium. Am J Obstet Gynecol 1979; 133: 1-7. 

  6) taber eb, tan l, ChaO Cr, beall mh, rOss mG. Phar-
macokinetics of ionized versus total magnesium in 
subjects with preterm labor and preeclampsia. Am 
J Obstet Gynecol 2002; 186: 1017-21.

  7) humPhrey s, Kirby r, rudlOff e. Magnesium phys-
iology and clinical therapy in veterinary critical 
care. J Vet Emerg Crit Care (San Antonio) 2015; 
25: 210-225.

  8) biesenbaCh P, mårtenssOn J, luCChetta l, banGia r, 
fairley J, Jansen i, matalanis G bellOmO r. Pharma-
cokinetics of magnesium bolus therapy in car-
diothoracic surgery. J Cardiothorac Vasc Anesth 
2018; 32: 1289-1294.

  9) flinK eb. Magnesium deficiency. Etiology and 
clinical spectrum. Acta Med Scand Suppl. 1981; 
647: 125-137.

 10) fatuzzO P, zanOli l, sCOllO v, POrtale G, GaudiO 
a, Pani a, Granata a. Review: UPDATE on mag-
nesium metabolism. G Ital Nefrol 2016; 33: pii: 
gin/33.6.2. 1724-5590.

 11) Kala J, abudayyeh a. Magnesium: an overlooked 
electrolyte. J Emerg Med 2017; 52: 741-743. 

 12) lu Jf, niGhtinGale Ch. Magnesium sulfate in eclamp-
sia and pre-eclampsia: pharmacokinetic principles. 
Clin Pharmacokinet 2000; 38: 305-314. 

 13) haider dG, lindner G, ahmad ss, sauter t, WOlzt m, 
leiChtle ab, fiedler Gm, exadaKtylOs aK, fuhrmann 
v. Hypermagnesemia is a strong independent 
risk factor for mortality in critically ill patients: 
results from a cross-sectional study. Eur J Intern 
Med 2015; 26: 504-507. 

 14) PritChard Ja. The use of the magnesium ion in the 
management of eclamptogenic toxemias. Surg 
Gynecol Obstet 1955; 100: 131-140.

 15) lazard em. A preliminary report on the intrave-
nous use of magnesium sulphate in puerperal 
eclampsia. Am J Obstet Gynecol 1925; 9: 178-
188. 

 16) GOrdOn r, maGee la, Payne b, firOz t, saWChuCK d, tu 
d, vidler m, de silva d, vOn dadelszen P. Magnesium 
sulphate for the management of preeclampsia 
and eclampsia in low and middle income coun-
tries: a systematic review of tested dosing regi-
mens. J Obstet Gynaecol Can 2014; 36: 154-163. 



E. Gilardi, D. Marsiliani, R. Nicolò, M. Petrucci, E. Torelli, et al

4060

 17) euser aG, CiPOlla mJ. Magnesium sulfate treat-
ment for the prevention of eclampsia: a brief 
review. Stroke 2009; 40: 1169-1175. 

 18) zusPan fP. Problems encountered in the treatment 
of pregnancy-induced hypertension. A point of 
view. Am J Obstet Gynecol 1978; 131: 591-597.

 19) PritChard Ja. Management of preeclampsia and 
eclampsia. Kidney Int 1980; 18: 259-266.

 20) OKusanya bO, OladaPO Ot, lOnG Q, lumbiGanOn P, 
CarrOli G, Qureshi z, duley l, sOuza JP, GülmezOGlu 
am. Clinical pharmacokinetic properties of mag-
nesium sulphate in women with pre-eclampsia 
and eclampsia. BJOG 2016; 123: 356-366. 

 21) altura bm, altura bt, Carella a, GebreWOld a, 
muraKaWa t, nishiO a. Mg2+-Ca2+ interaction in 
contractility of vascular smooth muscle: Mg2+ 
versus organic calcium channel blockers on myo-
genic tone and agonist-induced responsiveness 
of blood vessels. Can J Physiol Pharmacol 1987; 
65: 729-745.

 22) naidu s, Payne aJ, mOOdley J, hOffmann m, GOuWs 
e. Randomised study assessing the effect of 
phenytoin and magnesium sulphate on maternal 
cerebral circulation in eclampsia using transcra-
nial Doppler ultrasound. Br J Obstet Gynaecol 
1996; 103: 111-116.

 23) euser aG, CiPOlla mJ. Resistance artery vasodila-
tion to magnesium sulfate during pregnancy and 
the postpartum state. Am J Physiol Heart Circ 
Physiol 2005; 288: H1521-H1525. 

 24) belfOrt ma, mOise KJ Jr. Effect of magnesium sul-
fate on maternal brain blood flow in preeclampsia: 
a randomized, placebo-controlled study. Am J 
Obstet Gynecol 1992; 167: 661-666.

 25) GarCia JG, davis hW, PattersOn Ce. Regulation of 
endothelial cell gap formation and barrier dys-
function: role of myosin light chain phosphoryla-
tion. J Cell Physiol 1995; 163: 510-522. 

 26) COttOn db, hallaK m, Janusz C, irtenKauf sm, berman 
rf. Central anticonvulsant effects of magnesium 
sulfate on N-methyl-D-aspartate-induced seizures. 
Am J Obstet Gynecol 1993; 168: 974-978.

 27) hinChey J, Chaves C, aPPiGnani b, breen J, PaO l, 
WanG a, Pessin ms, lamy C, mas Jl, CaPlan lr. 
A reversible posterior leukoencephalopathy syn-
drome. N Engl J Med 1996; 334: 494-500. 

 28) belfOrt ma, saade Gr, yared m, GruneWald C, herd 
Ja, varner ma, nisell h. Change in estimated 
cerebral perfusion pressure after treatment with 
nimodipine or magnesium sulfate in patients with 
preeclampsia. Am J Obstet Gynecol 1999; 181: 
402-407.

 29) li W, bai ya, li yJ, liu KG, WanG md, xu Gz, shanG 
hl, li yf. Magnesium sulfate for acute traumatic 
brain injury. J Craniofac Surg 2015; 26: 393-398. 

 30) dinGledine r, hynes ma, KinG Gl. Involvement of 
N-methyl-D-aspartate receptors in epileptiform 
bursting in the rat hippocampal slice. J Physiol 
1986; 380: 175-189.

 31) hallaK m. Effect of parenteral magnesium sulfate 
administration on excitatory amino acid receptors 
in the rat brain. Magnes Res 1998; 11: 117-131

 32) No authors listed. Which anticonvulsant for wom-
en with eclampsia? Evidence from the collabora-
tive eclampsia trial. Lancet 1995; 345: 1455-1463.

 33) altman d, CarrOli G, duley l, farrell b, mOOdley 
J, neilsOn J, smith d; Magpie Trial Collaboration 
Group. Do women with pre-eclampsia, and their 
babies, benefit from magnesium sulphate? The 
Magpie Trial: a randomised placebo-controlled 
trial. Lancet 2002; 359: 1877-1890.

 34) belfOrt ma, anthOny J, saade Gr, allen JC Jr; 
Nimodipine Study Group. A comparison of mag-
nesium sulfate and nimodipine for the prevention 
of eclampsia. N Engl J Med 2003; 348: 304-311. 

 35) duley l, hendersOn-smart dJ, WalKer GJ, ChOu d. 
Magnesium sulphate versus diazepam for ec-
lampsia. Cochrane Database Syst Rev 2010; 12: 
CD000127.

 36) GOrdOn r, maGee la, Payne b, firOz t, saWChuCK 
d, tu d, vidler m, de silva d, vOn dadelszen 
P. Magnesium sulphate for the management of 
preeclampsia and eclampsia in low and middle 
income countries: a systematic review of tested 
dosing regimens. J Obstet Gynaecol Can 2014; 
36: 154-163.

 37) KhOOshideh m, GhaffarPOur m, bitarafan s. The 
comparison of anti-seizure and tocolytic effects 
of phenytoin and magnesium sulphate in the 
treatment of eclampsia and preeclampsia: a ran-
domised clinical trial. Iran J Neurol 2017; 16: 125-
129.

 38) lOtufO fa, ParPinelli ma, Osis mJ, surita fG, COsta 
ml, CeCatti JG. Situational analysis of facilitators 
and barriers to availability and utilization of mag-
nesium sulfate for eclampsia and severe pre-
eclampsia in the public health system in Brazil. 
BMC Pregnancy Childbirth 2016; 16: 254.

 39) budhWani h, shivKumar P, Purandare Cn, CataldO 
na, desai s, bhatt P, basWal d, bhardWaJ a. Exam-
ining the use of magnesium sulfate to treat preg-
nant women with preeclampsia and eclampsia: 
results of a program assessment of emergency 
obstetric care (EmOC) training in India. J Obstet 
Gynecol India 2017; 67: 330-336.

 40) OKereKe e, ahOnsi b, tuKur J, ishaKu sm, OGinni ab. 
Benefits of using magnesium sulphate (MgSO4) 
for eclampsia management and maternal mortali-
ty reduction: lessons from Kano State in Northern 
Nigeria. BMC Res Notes 2012; 5: 421. 

 41) elsharKaWy ra, farahat te, abdelhafez ms. Analge-
sic effect of adding magnesium sulfate to epidural 
levobupivacaine in patients with pre-eclampsia 
undergoing elective cesarean section. J Anaes-
thesiol Clin Pharmacol 2018; 34: 328-334.

 42) Wester PO, dyCKner t. Intracellular electrolytes in 
cardiac failure. Acta Med Scand Suppl 1986; 707: 
33-36.

 43) lim P, JaCOb e. Magnesium deficiency in patients 
on long-term diuretic therapy for heart failure. Br 
Med J 1972; 3: 620-622.

 44) hOrtOn r, biGlieri eG. Effect of Aldosterone on 
the Metabolism of Magnesium. J Clin Endocrinol 
Metab 1962; 22: 1187-1192.

 45) dOuban s, brOdsKy ma, WhanG dd, WhanG r. 
Significance of magnesium in congestive heart 
failure. Am Heart J 1996; 132: 664-671.

 46) iseri lt, fairshter rd, hardemann Jl, brOdsKy ma. 
Magnesium and potassium therapy in multifocal 
atrial tachycardia. Am Heart J 1985; 110: 789-794.



Magnesium sulphate in the Emergency Department

4061

 47) mCCOrd JK, bOrzaK s, davis t, GheOrGhiade m. Useful-
ness of intravenous magnesium for multifocal atrial 
tachycardia in patients with chronic obstructive pul-
monary disease. Am J Cardiol 1998; 81: 91-93.

 48) ChiPPerfield b, ChiPPerfield Jr. Differences in metal 
content of the heart muscle in death from ischemic 
heart disease. Am Heart J 1978; 95: 732-737.

 49) JOhnsOn CJ, PetersOn dr, smith eK. Myocardial 
tissue concentrations of magnesium and potas-
sium in men dying suddenly from ischemic heart 
disease. Am J Clin Nutr 1979; 32: 967-970. 

 50) bOyd JC, bruns de, Wills mr. Frequency of hypo-
magnesemia in hypokalemic states. Clin Chem 
1983; 29: 178-179.

 51) ryzen e, elKayam u, rude rK. Low blood mononu-
clear cell magnesium in intensive cardiac care 
unit patients. Am Heart J 1986; 111: 475-480.

 52) david l. reiCh, JOel a. KaPlan, JOsePh s. savinO, 
steven n. KOnstadt. Kaplan’s Cardiac Anesthesia. 
5th ed., Saunders, Philadelphia, 2003.

 53) salaminia s, sayehmiri f, anGha P, sayehmiri K, mOte-
dayen m. Evaluating the effect of magnesium sup-
plementation and cardiac arrhythmias after acute 
coronary syndrome: a systematic review and me-
ta-analysis. BMC Cardiovasc Disord 2018; 18: 129.

 54) KOteCha d. Magnesium for atrial fibrillation, myth 
or magic? Circ Arrhythm Electrophysiol 2016; 9: 
pii: e004521.

 55) Khan am, lubitz sa, sullivan lm, sun Jx, levy d, 
vasan rs, maGnani JW, ellinOr Pt, benJamin eJ, 
WanG tJ. Low serum magnesium and the de-
velopment of atrial fibrillation in the community. 
Circulation 2013; 127: 33-38.

 56) marKOvits n, KurniK d, halKin h, marGalit r, bialiK 
m, lOmniCKy y, lOebstein r. Database evaluation 
of the association between serum magnesium 
levels and the risk of atrial fibrillation in the 
community. Int J Cardiol 2016; 205: 142-146. 

 57) hO Km, sheridan dJ, PatersOn t. Use of intravenous 
magnesium to treat acute onset atrial fibrillation: 
a meta-analysis. Heart 2007; 93: 1433-1440.

 58) davey mJ, teubner d. A randomized controlled trial 
of magnesium sulfate, in addition to usual care, 
for rate control in atrial fibrillation. Ann Emerg 
Med 2005; 45: 347-353.

 59) WanG a. Efficacy of class III antiarrhythmics and 
magnesium combination therapy for atrial fibrilla-
tion. Pharm Pract (Granada) 2012; 10: 65-71.

 60) raJaGOPalan b, shah z, narasimha d, bhatia a, Kim 
Ch, sWitzer df, GudlesKi Gh, Curtis ab. Efficacy 
of intravenous magnesium in facilitating cardio-
version of atrial fibrillation. Circ Arrhythm Elec-
trophysiol 2016; 9: pii: e003968

 61) sultan a, steven d, rOstOCK t, hOffmann b, müller-
leile K, servatius h, dreWitz i, lüKer J, meyer P, 
saluKhe t, Willems s. Intravenous administration of 
magnesium and potassium solution lowers ener-
gy levels and increases success rates electrically 
cardioverting atrial fibrillation. J Cardiovasc Elec-
trophysiol 2012; 23: 54-59.

 62) fairley Jl, zhanG l, GlassfOrd nJ, bellOmO r. Mag-
nesium status and magnesium therapy in cardiac 
surgery: a systematic review and meta-analysis 
focusing on arrhythmia prevention. J Crit Care 
2017; 42: 69-77. 

 63) zhaO bC, huanG ty, denG QW, liu Wf, liu J, denG 
Wt, liu Kx, li C. Prophylaxis against atrial fibrilla-
tion after general thoracic surgery: trial sequential 
analysis and network meta-analysis. Chest 2017; 
151: 149-159. 

 64) visKin s. Long QT syndromes and torsade de 
pointes. Lancet. 1999; 354: 1625-1633. 

 65) tzivOni d, Keren a. Suppression of ventricular 
arrhythmias by magnesium. Am J Cardiol 1990; 
65: 1397-1399.

 66) neumar rW, OttO CW, linK ms, KrOniCK sl, shuster 
m, CallaWay CW, KudenChuK PJ, OrnatO JP, mCnally 
b, silvers sm, Passman rs, White rd, hess eP, tanG 
W, davis d, sinz e, mOrrisOn lJ. Part 8: adult ad-
vanced cardiovascular life support: 2010 american 
heart association guidelines for cardiopulmonary 
resuscitation and emergency cardiovascular care. 
Circulation 2010; 122(18 Suppl 3): S729-S767.

 67) tanGvOraPhOnKChai K, davenPOrt a. Magnesium 
and cardiovascular disease. Adv Chronic Kidney 
Dis 2018; 25: 251-260.

 68) COhen l, Kitzes r. Magnesium sulfate and digi-
talis-toxic arrhythmias. JAMA 1983; 249: 2808-
2810.

 69) shivanthan m, raJaPaKse s. Magnesium for acute 
exacerbation of chronic obstructive pulmonary 
disease: a systematic review of randomised trials. 
Ann Thorac Med 2014; 9: 77-80.

 70) muKerJi s, shahPuri b, ClaytOn-smith b, smith n, 
armstrOnG P, hardy m, marChant G, marsh e. 
Intravenous magnesium sulphate as an adju-
vant therapy in acute exacerbations of chronic 
obstructive pulmonary disease: a single centre, 
randomised, double-blinded, parallel group, pla-
cebo-controlled trial: a pilot study. N Z Med J 
2015; 128: 34-42.

 71) nOuira s, bOuida W, Grissa mh, beltaief K, trimeCh 
mn, bOubaKer h, marGhli s, letaief m, bOuKef r. 
Magnesium sulfate versus ipratropium bromide in 
chronic obstructive pulmonary disease exacerbation: 
a randomized trial. Am J Ther 2014; 21: 152-158. 

 72) edWards l, shirtCliffe P, WadsWOrth K, healy b, 
Jefferies s, Weatherall m, beasley r; Magnesium 
COPD Study Team. Use of nebulised magnesium 
sulphate as an adjuvant in the treatment of acute 
exacerbations of COPD in adults: a randomised 
double-blind placebo-controlled trial. Thorax 
2013; 68: 338-343. 

 73) KeW Km, KirtChuK l, miChell Ci. Intravenous mag-
nesium sulfate for treating adults with acute asth-
ma in the emergency department. Cochrane Da-
tabase Syst Rev 2014; (5): CD010909.

 74) alter hJ, KOePsell td, hilty Wm. Intravenous mag-
nesium as an adjuvant in acute bronchospasm: 
a meta-analysis. Ann Emerg Med 2000; 36: 191-
197.

 75) JOnes la, GOOdaCre s. Magnesium sulphate in the 
treatment of acute asthma: evaluation of current 
practice in adult emergency departments. Emerg 
Med J 2009; 26: 783-785. 

 76) hOssein s, PeGah a, davOOd f, said a, babaK m, mani 
m, mahdi r, Peyman h. The effect of nebulized 
magnesium sulfate in the treatment of moderate 
to severe asthma attacks: a randomized clinical 
trial. Am J Emerg Med 2016; 34: 883-886.



E. Gilardi, D. Marsiliani, R. Nicolò, M. Petrucci, E. Torelli, et al

4062

 77) sarhan ha, el-Garhy Oh, ali ma, yOussef na. 
The efficacy of nebulized magnesium sulfate 
alone and in combination with salbutamol in 
acute asthma. Drug Des Devel Ther 2016; 10: 
1927-33. 

 78) GalleGOs-sOlórzanO mC, Pérez-Padilla r, hernán-
dez-zentenO rJ. Usefulness of inhaled magne-
sium sulfate in the coadjuvant management of 
severe asthma crisis in an emergency depart-
ment. Pulm Pharmacol Ther 2010; 23: 432-
437. 

 79) KniGhtly r, milan sJ, huGhes r, KnOPP-sihOta Ja, 
rOWe bh, nOrmansell r, POWell C. Inhaled magne-
sium sulfate in the treatment of acute asthma. Co-
chrane Database Syst Rev 2017; (11): CD003898.

 80) beasley r, aldinGtOn s. Magnesium in the treat-
ment of asthma. Curr Opin Allergy Clin Immunol 
2007; 7: 107-110. 

 81) sOave Pm, COnti G, COsta r, arCanGeli a. Magne-
sium and anaesthesia. Curr Drug Targets 2009; 
10: 734-743.

 82) viCKOvić s, PJević m, uvelin a, PaP d, niKOlić d, 
lalić i. Magnesium sulfate as an adjuvant to 
anesthesia in patients with arterial hypertension. 
Acta Clin Croat 2016; 55: 490-496.

 83) mebazaa ms, OuerGhi s, friKha n, mOnCer K, mestiri 
t, James mf, ben ammar ms. Is magnesium sulfate 
by the intrathecal route efficient and safe? Ann Fr 
Anesth Reanim 2011; 30: 47-50.

 84) venturini ma, zaPPa s, minelli C, bOnardelli s, 
lamberti l, bisiGhini l, zanGrandi m, turin m, riz-
zO f, rizzOlO a, latrOniCO n. MAGnesium-oral 
supplementation to reduce PAin in patients with 
severe PERipheral arterial occlusive disease: the 
MAG-PAPER randomised clinical trial protocol. 
BMJ Open 2015; 5: e009137.

 85) bilir a, GuleC s, erKan a, OzCeliK a. Epidural mag-
nesium reduces postoperative analgesic require-
ment. Br J Anaesth 2007; 98: 519-523. 

 86) maleKi verKi m, POrOzan s, mOtamed h, fahimi ma, 
aryan a. Comparison the analgesic effect of mag-
nesium sulphate and Ketorolac in the treatment 
of renal colic patients: double-blind clinical trial 
study. Am J Emerg Med 2018; pii: S0735-6757: 
30683-30691. 

 87) JOKar a, Cyrus a, babaei m, taheri m, almasi-hashiani 
a, behzadinia e, yazdanbaKhsh a. The effect of 
magnesium sulfate on renal colic pain relief; a 
randomized clinical trial. Emerg (Tehran) 2017; 5: 
e25.

 88) assarzadeGan f, asGarzadeh s, hatamabadi hr, shah-
rami a, tabatabaey a, asGarzadeh m. Serum con-
centration of magnesium as an independent risk 
factor in migraine attacks: a matched case-con-
trol study and review of the literature. Int Clin 
Psychopharmacol 2016; 31: 287-292.

 89) assarzadeGan f, asadOllahi m, deraKhshanfar h, 
Kashefizadeh a, aryani O, KhOrshidi m. Measuring 
serum level of ionized magnesium in patients with 
migraine. Iran J Child Neurol 2015; 9: 13-16.

 90) franK lr, OlsOn Cm, shuler Kb, Gharib sf. Intra-
venous magnesium for acute benign headache in 
the emergency department: a randomized dou-
ble-blind placebo-controlled trial. CJEM 2004; 6: 
327-332.

 91) Cete y, dOra b, ertan C, Ozdemir C, OKtay C. A 
randomized prospective placebo-controlled study 
of intravenous magnesium sulphate vs. metoclo-
pramide in the management of acute migraine at-
tacks in the Emergency Department. Cephalalgia 
2005; 25: 199-204. 

 92) shahrami a, assarzadeGan f, hatamabadi hr, asGar-
zadeh m, sarehbandi b, asGarzadeh s. Comparison 
of therapeutic effects of magnesium sulfate vs. 
dexamethasone/metoclopramide on alleviating 
acute migraine headache. J Emerg Med 2015; 
48: 69-76.

 93) delavar Kasmaei h, amiri m, neGida a, haJimOllarabi 
s, mahdavi n. Ketorolac versus magnesium sul-
fate in migraine headache pain management; a 
preliminary study. Emerg (Tehran) 2017; 5: e2.

 94) baratlOO a, mirbaha s, delavar Kasmaei h, Payande-
mehr P, elmaraezy a, neGida a. Intravenous caffeine 
citrate vs. magnesium sulfate for reducing pain 
in patients with acute migraine headache; a pro-
spective quasi-experimental study. Korean J Pain 
2017; 30: 176-182. 

 95) bayir a, Kara h, aK a, Cander b, Kara f. Magne-
sium sulfate in emergency department patients 
with hypertension. Biol Trace Elem Res 2009; 
128: 38-44.

 96) saver Jl, starKman s, eCKstein m, strattOn sJ, Pratt 
fd, hamiltOn s, COnWit r, liebesKind ds, sunG G, 
Kramer i, mOreau G, GOldWeber r, sanOssian n; 
FAST-MAG investigators and coordinators. Pre-
hospital use of magnesium sulfate as neuropro-
tection in acute stroke. N Engl J Med 2015; 372: 
528-536.

 97) shKirKOva K, starKman s, sanOssian n, eCKstein m, 
strattOn s, Pratt f, COnWit r, hamiltOn s, sharma 
l, liebesKind d, restrePO l, valdes-sueiras m, saver 
Jl; FAST-MAG investigators and coordinators. 
Paramedic initiation of neuroprotective agent in-
fusions: successful achievement of target blood 
levels and attained level effect on clinical out-
comes in the FAST-MAG pivotal trial (field admin-
istration of stroke therapy - magnesium). Stroke 
2017; 48: 1901-1907. 

 98) zenG zW, zhanG yn, lin Wx, zhanG WQ, luO r. 
A meta-analysis of pharmacological neuropro-
tection in noncardiac surgery: focus on statins, 
lidocaine, ketamine, and magnesium sulfate. Eur 
Rev Med Pharmacol Sci 2018; 22: 1798-1811.

 99) Chardain a, mesnaGe v, alamOWitCh s, bOurdain 
f, CrOzier s, lenGlet t, Psimaras d, demeret s, 
Graveleau P, hOanG-xuan K, levy r. Posterior re-
versible encephalopathy syndrome (PRES) and 
hypomagnesemia: a frequent association? Rev 
Neurol (Paris) 2016; 172: 384-388. 

100) rathbOne J, franKlin r, Gibbs C, Williams d. Re-
view article: role of magnesium sulphate in the 
management of Irukandji syndrome: a systematic 
review. Emerg Med Australas 2017; 29: 9-17.

101) huanG yh, zenG by, li dJ, ChenG ys, Chen ty, lianG 
hy, yanG WC, lin Py, Chen yW, tsenG Pt, lin Ch. 
Significantly lower serum and hair magnesium 
levels in children with attention deficit hyperac-
tivity disorder than controls: a systematic review 
and meta-analysis. Prog Neuropsychopharmacol 
Biol Psychiatry 2019; 90: 134-141.



Magnesium sulphate in the Emergency Department

4063

102) baKian av, bilder da, KOrGensKi eK, bOnKOWsKy Jl. 
Autism spectrum disorder and neonatal serum 
magnesium levels in preterm infants. Child Neurol 
Open 2018; 5: 2329048X18800566. 

103) baeK sJ, byeOn Jh, eun sh, eun bl, Kim Gh. Risk of 
low serum levels of ionized magnesium in children 
with febrile seizure. BMC Pediatr 2018; 18: 297.

104) indinnimeO l, ChiaPPini e, miraGlia del GiudiCe m; 
italian Panel fOr the manaGement Of aCute asthma 
attaCK in Children rObertO bernardini. Guideline on 
management of the acute asthma attack in chil-
dren by Italian Society of Pediatrics. Ital J Pediatr 
2018; 44: 46. 

105) turKer s, dOGru m, yildiz f, yilmaz sb. The effect 
of nebulised magnesium sulphate in the man-
agement of childhood moderate asthma exacer-
bations as adjuvant treatment. Allergol Immuno-
pathol (Madr) 2017; 45: 115-120.

106) Ohn m, JaCObe s. Magnesium should be given to all 
children presenting to hospital with acute severe 
asthma. Paediatr Respir Rev 2014; 15: 319-321.

107) beCKer sm, JOb Km, lima K, fOrbes tJ, WaGstaff J, 
tran nK, sherWin Cm, nelsOn ds, JOhnsOn md, 
rOWer Je. Prospective study of serum and ionized 
magnesium pharmacokinetics in the treatment 
of children with severe acute asthma. Eur J Clin 
Pharmacol 2019; 75: 59-66. 

108) Griffiths b, KeW Km. Intravenous magnesium sul-
fate for treating children with acute asthma in 
the emergency department. Cochrane Database 
Syst Rev 2016; (4): CD011050.

109) alansari K, sayyed r, davidsOn bl, al JaWala s, 
Ghadier m. IV Magnesium sulfate for bronchiolitis. 
Chest 2017; 152: 113-119. 

110) Kan rx, zhanG Cl, zhen Q, Chen J. Magnesium 
sulfate micro air pump suction for bronchiolitis 
treatment in infants under two years old. Eur Rev 
Med Pharmacol Sci 2016; 20: 1180-1184.

111) ChOllat C, marret s. Magnesium sulfate and fetal 
neuroprotection: overview of clinical evidence. 
Neural Regen Res 2018; 13: 2044-2049.

112) Jayaram Pm, mOhan mK, farid i, lindOW s. Antena-
tal magnesium sulfate for fetal neuroprotection: a 
critical appraisal and systematic review of clinical 
practice guidelines. J Perinat Med 2018; 47: 262-
269.

113) COnde-aGudelO a, rOmerO r. Antenatal magne-
sium sulfate for the prevention of cerebral palsy 
in preterm infants less than 34 weeks’ gestation: a 
systematic review and metaanalysis. Am J Obstet 
Gynecol 2009; 200: 595-609. 

114) COstantine mm, Weiner sJ; Eunice Kennedy Shriv-
er National Institute of Child Health and Human 
Development Maternal-Fetal Medicine Units Net-
work. Effects of antenatal exposure to magne-
sium sulfate on neuroprotection and mortality in 
preterm infants. Obstet Gynecol 2009; 114: 354-
364. 

115) dOyle lW, CrOWther Ca, middletOn P, marret s, 
rOuse d. Magnesium sulphate for women at risk of 
preterm birth for neuroprotection of the fetus. Co-
chrane Database Syst Rev 2009; (1): CD004661.

116) zenG x, xue y, tian Q, sun r, an r. Effects and 
safety of magnesium sulfate on neuroprotection: 
a meta-analysis based on PRISMA guidelines. 
Medicine (Baltimore) 2016; 95: e2451.

117) CrOWther Ca, hiller Je, dOyle lW, haslam rr; 
Australasian Collaborative Trial of Magnesium 
Sulphate (ACTOMg SO4) Collaborative Group. 
Effect of magnesium sulfate given for neuropro-
tection before preterm birth: a randomized con-
trolled trial. JAMA 2003; 290: 2669-2676.

118) KanG sW, ChOi sK, ParK e, Chae sJ, ChOi s, Jin JOO 
h, lee GJ, ParK hK. Neuroprotective effects of 
magnesium-sulfate on ischemic injury mediated 
by modulating the release of glutamate and re-
duced of hyperreperfusion. Brain Res 2011; 1371: 
121-128.

119) burd i, breen K, friedman a, Chai J, elOvitz ma. 
Magnesium sulfate reduces inflammation-asso-
ciated brain injury in fetal mice. Am J Obstet 
Gynecol 2010; 202: 292. e1-9.


