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Magnesium: the underestimated ion

Electrolytes play an important role in homeostasis. Among
them, magnesium, considered the ‘‘forgotten electrolyte’’,
is the fourth most frequent cation in the body, ranking
second in the intracellular environment after potassium.'-
Magnesium balance in the body depends on intestinal
absorption and renal excretion. During glomerular filtration,
80% of plasma magnesium is ultra-filtrated in the glomeru-
lus, 95% of which is reabsorbed, and 5% excreted in urine.?

On average, an adult has 24g of magnesium, 60% of
which located in bones, and the remainder in muscle cells
and soft tissue.* Plasma accounts for only 0.3% of total
organic magnesium. Plasma magnesium concentration shows
a distinct low-range variation with values between 1.7 and
2.4mg.dL", or 0.7 to 1TmmoL.L", or 1.4 to 2mEq.L".3
Despite magnesium’s important physiological role, hypo-
magnesemia is a frequently underdiagnosed electrolyte
imbalance.?

Magnesium is an endogenous calcium antagonist and
impacts its reabsorption and distribution. It also modulates
the transmembrane flow of sodium and potassium, influ-
encing membrane potential. Moreover, it regulates adenylyl
cyclase, muscle, cardiac and neuronal activities, in addi-
tion to vasomotor tonus. It is a central nervous system
depressant, by antagonizing NMDA receptors, and inhibit-
ing catecholamine release.” It also takes part in multiple
enzyme activities involving energy metabolism and synthesis
of nucleic acids.??

Hypomagnesemia promotes instability of the cell mem-
brane and cytoplasm organelles, decreases intracellular
ATP and potassium, and increases intracellular sodium and
calcium.? The condition is usually symptomatic when plasma
concentrations are below 1.21mg.dL"'. Hypomagnesemia
occurs due to vomiting or diarrhea, or to the use of lax-
atives, thiazide diuretics, angiotensin converting enzyme
inhibitors, cisplatin, aminoglycosides, or other nephrotoxic
drugs. It is also associated with some endocrine disorders
(hyperaldosteronism, parathyroid disorders, and diabetes)
and chronic alcoholism. Clinical manifestations include sev-

https://doi.org/10.1016/j.bjane.2021.08.001

Check for
updates

eral symptoms, including nausea and vomiting, muscular
weakness, seizures, tetany, muscle fasciculations, and elec-
trocardiographic changes.*

Current diets are increasingly more deficient in essen-
tial minerals, and it is estimated that approximately 60% of
Americans are not intaking the recommended daily amount
of magnesium.® Between 7% and 11% of inpatients, and 65%
of intensive care patients present hypomagnesemia.’

Conversely, hypermagnesemia is rare and occurs in
chronic renal patients during administration of the ion,
or in patients with eclampsia treated with multiple doses
of magnesium sulphate. Hypermagnesemia is associated
with cardiac or neuromuscular symptoms, beginning with
electrocardiographic abnormalities with a widened QRS
complex. When plasma concentrations are above 6 to
7.5mmoL.L", patients can present arterial hypotension,
respiratory depression, narcosis, and even cardiac arrest.
Oral administration of magnesium is usually considered
safe.*

In the past, magnesium sulphate was proposed as a gen-
eral anesthetic, but this effect resulted from the cerebral
hypoxia caused by cardiac and respiratory depressions.?*
It is used as an adjuvant drug in more current anesthetic
techniques.

As magnesium decreases the release of acetylcholine
mediated by calcium at the neuromuscular junction and
attenuates muscle excitability, it has a potentiating effect
on neuromuscular blockers.>*2 It also promotes bronchodi-
lation in cases of severe acute asthma, delays cerebral
ischemia due to subarachnoid hemorrhage, and can be used
in the management of eclampsia seizures and atrial fibrilla-
tion after cardiac surgery.’

Both the decrease in catecholamine release by the
adrenal medulla and adrenergic nervous terminations and
the antagonizing of the effect of calcium on vascular
smooth muscular cells, may contribute to the effects of
magnesium as an adjuvant drug in anesthesia.”* Decreas-
ing catecholamine release is valuable for blunting the
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stress responses to anesthesia stressors, such as tracheal
intubation. '

The potential analgesic effect of magnesium sulphate is
very important to anesthesiologists. Magnesium acts as an
analgesic in neuropathic pain, potentiates opioid effect and
attenuates opioid tolerance." Its analgesic effect is due to
antagonism of the NMDA receptor and to the modulation of
intracellular inflow of calcium. By inhibiting NMDA receptors
located on the posterior horn of the spinal cord, magne-
sium can also decrease the risk of chronic pain by mitigating
or preventing central sensitization that follows peripheral
tissue inflammation or injury.* "

In pre-eclampsia, and eclampsia, magnesium sulphate
improves general and cerebral symptoms, and improves
uterine vasodilation. Moreover, it prevents progression to
eclampsia, and it is recommended as the treatment of
choice for seizures.*'? Doses used in this scenario increase
the risk of hypermagnesemia, and consequently muscle
relaxant interaction is more likely, especially in this popula-
tion who is already more sensitive to these drugs.'? During
clinical practice, this drug interaction has not been val-
ued enough in scenarios requiring rapid sequence intubation
(obstetrics, e.g.) or even involving emergency patients, such
as COVID-19.

The present edition of BJAN is publishing three ran-
domized clinical trials focusing on the analgesic and
hemodynamic effects of magnesium sulphate, in addition
to the effect on the dose of rocuronium.

The study by Almeida et al. included 180 patients and
aimed to assess three different doses of rocuronium (1 ED95,
2 ED95 and 4 ED95) on patients submitted to general anes-
thesia. Patients received 60 mg.kg™"' of magnesium sulphate
or saline. Onset of action latency of muscular relaxant in the
magnesium group, assessed with TOF monitoring, was signifi-
cantly shorter for 1 ED95 and 2 ED95 doses when compared to
the control group. The authors suggested that one of the fac-
tors associated with rapid onset of muscular relaxant action
was due to change in the peripheral blood perfusion index,
which is increased in groups receiving magnesium.'?

Silva Filho et al. studied the effectiveness of magnesium
sulphate as the main analgesic agent during anesthe-
sia, comparing it to remifentanil, during total venous
anesthesia. The secondary outcomes were propofol con-
sumption and intraoperative hemodynamic stability, and
postoperative analgesia.' The study randomized 50 patients
submitted to post-bariatric abdominoplasty, divided into
two groups: remifentanil and magnesium sulphate. Fen-
tanyl (1 mcg.kg ') was available as rescue analgesia. Among
magnesium sulphate group subjects, only 36% required
supplementary analgesia, while none of the individuals
in the remifentanil group required fentanyl. Bispectral
index-guided propofol consumption was 36.6% higher among
patients in the magnesium group, with less requirement of
ephedrine in the intraoperative. However, there were no
differences in postoperative pain scores between the two
groups. '

The study by Farouk et al. included 60 patients submitted
to bilateral inguinal herniorrhaphy under subarachnoid anes-
thesia with a 15mg dose of hyperbaric 0.5% bupivacaine.
Study subjects were allocated into three groups with con-
tinuous infusion of magnesium sulphate, dexmedetomidine
or saline. The primary outcome was total duration of analge-

sia and, the secondary outcomes were onset and duration of
motor and sensitive blocks, perioperative hemodynamic sta-
tus (blood pressure, heart rate, cardiac output, and systolic
volume), and postoperative morphine consumption during
the first 24 hours." Duration of sensitive and motor blocks,
and of analgesia was longer for the groups receiving mag-
nesium sulphate or dexmedetomidine, when compared to
the group receiving saline. No differences were observed
for the groups that received active treatments. Postopera-
tive morphine consumption was higher in the saline group,
with no differences among the remaining groups. No differ-
ences were found in hemodynamic variables for the groups
studied.’

Magnesium plasma concentration disorders should not
be neglected, because both hypo and hypermagnesemia
have deleterious effects. However, as an adjuvant in
anesthesiology, magnesium sulphate is an efficacious anal-
gesic and hemodynamically safe. Magnesium properties
favor its use in intra and postoperative opioid sparing
scenarios.

The studies published in this edition of BJAN support
clinical use of magnesium sulphate in anesthesiology. How-
ever, clinicians should be prudent to avoid adverse effects
associated with plasma concentration disorders, mainly
hypermagnesemia. Still, we recommend more randomized
clinical trials, including diversified populations and larger
samples, to be performed for all potential therapeutic
effects to be corroborated.

Conflicts of interest

NSPM declares no conflicts. GAMB is a researcher and has
given lectures on behalf of Laboratorio Cristalia.

References

1. Fawcett WJ, Haxby EJ, Male DA. Magnesium: physiology and
pharmacology. Br J Anaesth. 1999;83:302-20.

2. Soave P, Conti G, Costa R, Arcangeli A. Magnesium and Anaes-
thesia. Curr Drug Targets. 2009;10:734-43.

3. Eizaga Rebollar R, Garcia Palacios MV, Morales Guerrero J,
Torres LM. Magnesium sulfate in pediatric anesthesia: the
Super Adjuvant. Thomas M, editor. Pediatr Anesth. 2017;27:
480-9.

4, Herroeder S, Schonherr ME, De Hert SG, Hollmann MW, Warner
DS. Magnesium-essentials for anesthesiologists. Anesthesiology.
2011;114:971-93.

5. Altura BM. Introduction: Importance of Mg in physiology and
medicine and the need for ion selective electrodes. Scand J
Clin Lab Invest. 1994;54(sup217):5-9.

6. de Baaij JHF, Hoenderop JGJ, Bindels RJM. Magnesium in man:
implications for health and disease. Physiol Rev. 2015;(1):
1-46.

7. Rubeiz GJ, Thill-Baharozian M, Hardie D, Carlson RW. Associ-
ation of hypomagnesemia and mortality in acutely ill medical
patients. Crit Care Med. 1993;21:203-9.

8. Ghoneim MM, Long LP. The Interaction between Magnesium
and Other Neuromuscular Blocking Agents. Anesthesiology.
1970;32:23-6.

9. Turnbull D. Magnesium: looking for a role in anesthesia. Minerva
Anestesiol. 2015;81:1156-8.

478


http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0005
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0010
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0015
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0020
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0025
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0030
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0035
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0040
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0045

Brazilian Journal of Anesthesiology 2021;71(5):477-479

10.

1.

12.

13.

14.

Douglas WW, Rubin RP. The mechanism of catecholamine release
from the adrenal medulla and the role of calcium in stimulus-
secretion coupling. J Physiol. 1963;167:288-310.

Albrecht E, Kirkham KR, Liu SS, Brull R. Peri-operative
intravenous administration of magnesium sulphate and postop-
erative pain: a meta-analysis. Anaesthesia. 2013;68:79-90.
Berdai Ma, Labib S, Harandou M. Prolonged neuromuscular block
in a preeclamptic patient induced by magnesium sulfate. Pan
Afr Med J. 2016;25.

de Almeida CED, Carvalho LR, Andrade CVC, Nascimento Junior
P, Moreira de Barros GA, et al. Effects of magnesium sulphate
on the onset time of rocuronium at different doses. Braz J Anes-
thesiol. 2021. Ahead of Print.

Silva Filho SE, Sandes CS, Vieira JE, Cavalcanti IL. Anal-
gesic effect of magnesium sulfate during total intravenous
anesthesia: randomized clinical study. Braz J Anesthesiol.
2021, http://dx.doi.org/10.1016/j.bjane.2021.02.008. Ahead
of Print.

15. Farouk I, Hassan MM, Fetouh AM, Elgayed AEA, Eldin MH, Abdel-

479

hamid BM. Analgesic and hemodynamic effects of intravenous
infusion of magnesium sulphate versus dexmedetomidine in
patients undergoing bilateral inguinal hernial surgeries under
spinal anesthesia: a randomized controlled study. Braz J Anes-
thesiol. 2021, http://dx.doi.org/10.1016/j.bjane.2021.02.004.
Ahead of Print.

Norma Sueli Pinheiro Mddolo, Guilherme Antonio Moreira
de Barros "= *

Universidade Estadual Paulista (UNESP), Faculdade de
Medicina de Botucatu (FMB), Departamento de
Especialidades Cirtrgica e Anestesiologia, Botucatu, SP,
Brazil

*Corresponding author.
E-mail: guilherme.am.barros@unesp.br (G.A. Barros).

22 July 2021


http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0050
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0055
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0060
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
http://refhub.elsevier.com/S0213-9111(21)00073-X/sbref0065
dx.doi.org/10.1016/j.bjane.2021.02.008
dx.doi.org/10.1016/j.bjane.2021.02.004
https://orcid.org/0000-0001-6421-353X
mailto:guilherme.am.barros@unesp.br

