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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
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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 (MgSO,)
as a drug happened in the late 19" century, as it
was used for treating eclamptic fits by intrathecal
injections in 1906'.

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 level®. 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 reactions®. 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 GTP.
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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%°. Markedly,
the only biologically active part is the ionized
one®. One vial of MgSO, 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 drugs’, 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 al®.

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 MgSO, must be adjusted and
the serum levels must be frequently monitored’.

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 failure'’. 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 days!'!. 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
(barbiturates, narcotics, hypnotics, general anesthetics)

In this case the dosage of MgSO, has to be reduced

Cardiac glycosides.

In case of Mg overdose these drugs worsen the effects on
cardiac conduction.

Eltrombopag (oral agonist of trombopoietin receptors).

MgSO, 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)

MgSO, can amplify their effect

Nifedipine

It has an additive effect
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Table Il. Relation between Mg plasma concentration and side
effects.

Side effect
expected

MgsSO, plasma
concentration

From 3.5 to 5 mmol/LLoss of the patellar reflex

From 5 to 6.5 mmol/LRespiratory paralysis

>7.5 mmol/L Cardiac conduction alterations
>12.5 mmol/L.

Cardiac arrest

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 IT'?). 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 death®.

Magnesium in Eclampsia

MgSO, has been the first and gold standard
treatment for preeclampsia and eclampsia for
more than 50 years'. 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 infusion. However,
the best plasma concentration range to be used
to obtain the strongest results and avoid side
effects is not yet known'é. 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)". To obtain these ranges, there are two
worldwide used protocols for treatment: intrave-
nous Zuspan'® or the intramuscular Pritchard".
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-
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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
al?® 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 MgSO, 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 cells?'. Indeed Mg may
act as a vasodilator in the peripheral and brain
vessels??#* and decrease peripheral vascular re-
sistance or relieve vasoconstriction?*. Moreover,
it is believed to reduce the formation of cerebral
edema by protecting the blood-brain barrie®, or
through a central anticonvulsant action®. 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 edema?”. So, the admin-
istration of a vasodilator like MgSO, 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 system?8. 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



Magnesium sulphate in the Emergency Department

is noticeable in other conditions like head trau-
ma?, 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. MgSO, has a di-
rect effect on the N-methyl-d-aspartate (NMDA)
antagonist receptors, which are a type of gluta-
mate receptors®. 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 denied’'. 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-
nytoin*. Similar effects were obtained in other
trials with Mg versus nimodipine, phenytoin,
diazepam, and placebo®°, On the other hand, in
a recent trial by Khooshideh at al*’, 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 al**
performed a situational analysis, showing that
there is no access to MgSO, 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 study®
was made in India in 2017 and they found that
the availability of MgSO, 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 MgSO, for eclampsia had already been ob-
served* in a retrospective study that found a
remarkable reduction in the fatality rate due to
eclampsia in those who received MgSO, 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 effect.

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
study*> 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 supplementation®. 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 hypomagnesemia*; moreover, the increase
in circulating catecholamines occurring during
congestive heart failure increases the release of
intracellular magnesium resulting in renal loss®.

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 levels***. 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 al*®* showed a
highly significant decrease in Mg concentration in
sudden-death patients. In the same period, John-
son et al* 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 diuretics®’. One must note that
frequently, at variance with potassium, low levels
of Mg remain undiagnosed and untreated’. 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 antiarrthythmic drugs and electrical cardio-
version™. In a recent meta-analysis of all data re-
sources on the effect of MgSO, on cardiovascular
events after coronary revascularization, Salaminia
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et al** 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)*. In particular, in 2013 Kham et
al® 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 al*® 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 studies®”** mostly with digoxin as background
therapy. Furthermore, researches® 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 al’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 thesis® 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-analyses®>% focused on
arrhythmia prevention, analyzing its association
with Mg, both in cardiac® and in thoracic sur-
gery®. 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. latrogenic QT interval pro-
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longation is associated with the use of many drugs
such as antiarrhythmics (especially class la and
IIT), 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 hemorrhage®. The effectiveness of Mg
in TdP has been evaluated since 1990 by Tzivoni
et al”, but an optimal dosing regimen of MgSO,
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 MgSO, at
a dose of 1 to 2 g diluted in 10 mL*®.

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-
polarizations®’. 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 study®® it was found
that intravenous bolus of MgSO,, followed by
intramuscular Mg repletion, abolished the digi-
talis-toxic arrhythmias.

Magnesium and pulmonary diseases

Magnesium in Chronic Obstructive
Pulmonary Disease

MgSO, 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 placebo®. Intravenous
Mg was used in addition to standard broncho-
dilator therapy in acute exacerbation of COPD,
showing improvements in FEV1 (the percentage
change in FEVI was 27.07% with Mg versus
11.39% in placebo group); similar improvements
were noticed with FVC in Mg group™. 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 MgSO,
and there was a significant reduction in PaCO,
compared to baseline values in IB group but not
in MgSO, group. There was a nonsignificant sta-
tistical trend toward a decrease in dyspnea score
in both groups and adverse events were very
similar”. Nebulized Mg was also studied as an
adjuvant in the treatment of acute exacerbations
of COPD in adults, but Edwards et al”? found that,
given as an adjuvant to salbutamol in the setting
of COPD, it has no effect on FEV .

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 review’® provides evidence that a sin-
gle infusion of 1.2 g or 2 g of MgSO, 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 function’
and is widely used for acute asthma, usually for
patients with severe or life-threatening asthma
who have not responded to initial treatment.
Nebulized MgSO,, by contrast, is hardly used”.
In 2016 some scholars™ 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 MgSO, alone or combined
with salbutamol has a clinically significant bron-
chodilator effect in acute asthma and leads to
clinical improvements’””. Long-term oral Mg

supplementation does not lead to improved con-
trol in adult asthma, but many meta-analyses®
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 mortality®. MgSO,
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
anesthesia®. Mebazaa et al® 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-
tion*. In postoperative pain, MgSO, 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 events®’. MgSO, was compared to ketorolac
in the treatment of patients with renal colic. In a
double-blind clinical trial study® they found that
MgSO, does not influence renal colic pain relief.
Another double-blind study*” showed that MgSO,
could be used as an add-on drug in the treatment
of patients suffering from a renal colic.

Magnesium and Migraines

Assarzadegan et al®® 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-
tacks®® 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 groups®.
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
protocol®. A second study compared IV admin-
istration of Mg, metoclopramide, and placebo
and found no differences between the three”. A
third one showed that IV MgSO, reduced pain
more rapidly and effectively than dexametha-
sone and metoclopramide combined®>. A fourth
one argued that administering [V Mg was not
only a fast and satisfactory treatment, but that
it was better than ketorolac both one and two
hours after the treatment”. 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 one®.
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 ED?. There was no sig-
nificant difference in systolic or diastolic blood
pressure between three groups (IV MgSO,, par-
enteral or oral antihypertensive, MgSO4, and
antihypertensive agent). Intravenous MgSO, is as
effective as an antihypertensive drug at lowering
blood pressure (BP) in the emergency depart-
ment. In acute stroke, Saver et al®®"’ 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
al®® analyzed a possible neuroprotection effect of
MgSO, 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-
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tients with available serum Mg levels presented
hypomagnesemia. These results® require larger
investigations to assess the importance of acute
hypomagnesemia in PRES and the possible need
to treat PRES with MgSO,. Mg could have a role
in the management of the Irukand;ji syndrome, a
condition that results from the contact with the
venom of a certain box jellyfish. But a systematic
review'? 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, MgSO, 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 authors'*!%> 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 al'® 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 practice'™ for this
indication. Nebulized MgSO, seems to have no
particular benefit in moderate asthma exacerba-
tions'®, 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”!® and safety!®” profile.
However, the evidence is limited by the number
and size of studies'®®. Moreover, a randomized
trial of Alansari et al'® tried to determine the
utility of intravenous use of MgSO, in acute
bronchiolitis when added to supportive care, but
it does not seem to provide any particular benefit,
although Kan et al'' would seem to encourage
the use of inhaled MgSO,in the same condition,
in addition to standard therapy.
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Magnesium and Fetal Neuroprotection

Antenatal administration of MgSO, has an
important role in the neuroprotective strategy for
preterm infants''"!"'2. Strong evidence from five ran-
domized controlled trials and five meta-analyses
has demonstrated that MgSO,, 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 neonates'*'"”. 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
glutamate'® and can exert anti-inflammatory effects
by reducing oxidative stress and pro-inflammatory
cytokines'. All the international guidelines uni-
formly recommended the use of MgSO, in preterm
birth, although the maximum term of administra-
tion (from 29 + 6 WG to 33 + 6 WGQ), 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 MgSO,, 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 MgSO, infusion has
shown efficacy by itself are eclampsia, Torsade
de Pointes, acute refractory asthma status and
fetal neuroprotection. Nevertheless, mild thythm
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.
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