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Abstract

Background: Magnesium (Mg) is a non-competitive N-methyl D-aspartate receptor antagonist with antinociceptive
effects. Multimodal therapy is the optimal strategy for perioperative pain control to minimize the need for opioids.
Inflammation caused by tissue trauma or direct nerve injury is responsible for the perioperative pain. The concept
of “pre-emptive” analgesia, analgesic strategies administered prior to the stimulus, can modify the peripheral and
central nervous system processing of noxious stimuli, thereby reducing central sensitization, hyperalgesia, and
allodynia remains controversial. A more encompassing approach to the reduction of postoperative pain is the
concept of “preventive” analgesia. The purpose of the study is to detect the proper use of MgSO4 as an analgesic
being a non-competitive N-methyl D-aspartate (NMDA).

Results: There is no statistically significant difference in the haemodynamic parameters, intraoperative (33% vs 20%)
and postoperative requirement for analgesics 6.6% vs 10% among groups I and II, respectively. There is no
significant difference in the numerical analogue scale, where 16 vs 17 patients with no pain, 12 vs 10 with mild
pain, and 2 vs 3 with moderate pain in groups I and II, respectively.

Conclusion: The use of MgSO4 in a bolus with or without infusion is comparable in the control of intraoperative
and postoperative pain.
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Backgrounds
Perioperative pain management is indicated to relieve
the patients’ suffering, allow early mobilization after sur-
gery, reduce the length of hospital stay, and have better
satisfaction. Pain control regimens must consider med-
ical, psychological, and physical conditions; age; level of
fear or anxiety; surgical procedure; personal preference;
and the patients’ response.
Traditionally, acute perioperative pain management is

targeting the central mechanisms involved in the percep-
tion of pain by opioid medications (Mudumbai et al.,
2016; Sun et al., 2016). Thus, opioid use has reached a

critical level worldwide; accordingly, multimodal therapy
is the optimal choice for perioperative pain control to
minimize the need for opioids (Alam & Juurlink, 2016).
The perioperative pain is initiated either by an inflam-

matory process induced by tissue trauma or by direct
nerve injury from nerve transection, stretching, or com-
pression. Tissue trauma is not only initiating pain at the
site of the trauma but also to the surrounding area
through local inflammatory mediators that augment the
sensitivity to stimuli (hyperalgesia) or even mispercep-
tion of pain to non-noxious stimuli (allodynia). Other
mechanisms contributing to hyperalgesia and allodynia
include sensitization of the peripheral pain receptors
(primary hyperalgesia) and increased excitability of cen-
tral nervous system neurons (secondary hyperalgesia)
(Kelly et al., 2001; Woolf & Chong, 1993a; Suzuki, 1995).
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Multimodal analgesia is the analgesia achieved by
using several agents instead of using a single agent, each
acting at different sites of the pain pathway. This ap-
proach reduces the dependence on a single medication
and reduces or eliminates the need for opioids. The Syn-
ergism between opioid and non-opioid medications re-
duces the required opioid dose and the side effects
related to them.
Pain receptor activity can be blocked directly by (e.g.

lidocaine) or indirectly by anti-inflammatory agents to
diminish the local hormonal response to injury, thus de-
creasing the pain receptor activation.
Other analgesic agents (e.g. ketamine, gabapentin,

pregabalin) modulate the activity of neurotransmitters
(substance P, calcitonin gene-related peptide, aspartate,
glutamate, and gamma-aminobutyric acid (GABA)), by
inhibiting or augmenting their activity.
The concept of “pre-emptive” analgesia, meaning that

analgesic strategies administered prior to surgical inci-
sion or stimulus can modify the peripheral and central
nervous system processing of noxious stimuli, thereby
reducing central sensitization, hyperalgesia, and allody-
nia (Kelly et al., 2001; Woolf & Chong, 1993a; Suzuki,
1995), remains controversial. Several studies have con-
cluded that preoperative timing is not necessary to
achieve a reduction in postoperative pain and opioid use
(Møiniche et al., 2002a).
An approach with a wider spectrum to the reduction

of acute as well as chronic postoperative pain is the con-
cept of “preventive” analgesia. The aim of preventive an-
algesia is to reduce the sensitization to the perioperative
noxious stimuli, by treatments administered at any time
in the perioperative period (Rosero & Joshi, 2014; Katz
et al., 2011).
Magnesium (Mg) is a non-competitive N-methyl D-

aspartate (NMDA) receptor antagonist with analgesic
effects (Mayer et al., 1984; McCarthy et al., 1998). It
has been accepted as an adjuvant for intra- and
postoperative analgesia. Perioperative magnesium
sulphate reduces the need for anaesthetics and im-
proves postoperative analgesia (Choi et al., 2002;
Wilder-Smith et al., 1997). However, some claim that
magnesium sulphate has limited if any effect does
exist (Choi et al., 2002; Ko et al., 2001; Paech et al.,
2006). The role of magnesium sulphate infusion on
the consumption of anaesthetics and opioids has
been reported to be variable depending on the pro-
cedures done (Schulz-Stubner et al., 2001; Telci
et al., 2002).
However, since the magnesium ion poorly crosses

the blood-brain barrier in humans, it is not clear
whether the therapeutic effect is related to NMDA
antagonism in the central nervous system, dorsal horn
NMDA receptors, or peripheral (Buvanendran, 2011).

Owing to this “protective” effect on the nociceptive
pathways, pre-emptive analgesia has the potential to be
more effective than a similar analgesic treatment initi-
ated after surgery(Dahl & Møiniche, 2004). Conse-
quently, immediate postoperative pain may be reduced,
and the development of chronic pain may be prevented
(Woolf & Chong, 1993b).

Aim of work
The aim of the work is to detect the proper use of
MgSO4 as an analgesic being a NMDA receptor blocker

Methods
The study is a blinded observational study that was con-
ducted in Ain shams University Hospitals on 60 patients
scheduled for a variety of surgical procedures. The study
was approved by the Research Ethics Committee of the
Faculty of Medicine, Ain Shams University and con-
ducted in accordance with the principles of the Declar-
ation of Helsinki. A written informed consent before
enrolment was taken. The patients were randomly di-
vided into two equal groups, group I and group II.
Randomization was done by computer-generated num-
ber lists and used opaque sealed envelopes.

Sample size and statistics
The sample size was calculated using ClinCalc.com, set-
ting the type 1 error (α) at 0.05, power (1 − β) at 0,.8
and confidence width level at 0.1. Calculation according
to the values of similar studies produced a minimal sam-
ple size of 25 cases.
The Mann-Whitney test is used to compare non-

parametric between the two study groups. The chi-
square and Fisher’s exact tests were used to examine the
relationship between categorical variables. P value < 0.05
was considered statistically significant. All statistical pro-
cedures were carried out using Microsoft Excel 365. The
median and interquartile range were used for skewed
numerical data, and percentage and proportions for cat-
egoric values.
The primary outcome is to study the proper timing for

initiating the MgSo4 as an analgesic, and the secondary
outcome is to study the complications of using MgSo4
as an analgesic.

Inclusion criteria
The following are the inclusion criteria:

� Age 18–70 years
� Both sex
� ASA I, II, III, and IV
� The patients scheduled for general anaesthesia
� Procedure > 60 min with expected moderate to

severe pain postoperative
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Exclusion criteria
The following are the exclusion criteria:

� Patients refusing to participate in the study
� Patients with renal insufficiency
� Patients with liver disease

A standard monitor was attached to the patients in-
cluding 5 leads ECG, pulse oximeter, and NIBP, and the
IV line was secured.
The anaesthesia was induced by propofol 1.5 mg/kg

and atracurium 0.5 mg/kg, and the patients will be intu-
bated by endotracheal tube size 7 for females and 8 for
males; after then, the patients will be ventilated using
volume-controlled mode at a rate of 4–6 ml/kg, RR 12
bpm
The patients in group I were given a MgSO4 50-mg/

kg bolus dose with the induction of anaesthesia; the in-
duction of anaesthesia was conducted with 100 μg of
fentanyl, paracetamol 1 g and NSAID (Ketorolac) 30 mg/
ml given during the procedure and 10 mg of nalbuphine
by the end of the procedure. In group II, MgSO4 50mg/
kg bolus with the induction of anaesthesia and 100 μg of
fentanyl were given in the induction phase. In addition
to paracetamol 1 g and NSAID (Ketorolac) 30 mg/ml,
MgSO4 at a dose of 15 mg/kg/hr were given during the
procedure and 10mg of nalbuphine by the end of the
procedure.
When there was a change in the blood pressure and

the heart rate by more than 20% of the preoperative

value, 50 μg of fentanyl were given after excluding other
possible causes.
Another incremental dose of fentanyl was given up to

a total dose of 200 μg in addition to paracetamol on de-
mand every 6 hr and NSAID (Ketorolac) 30 mg prn
every 6 h up to a total of 120mg per day during the
procedure.
After extubating the patients, the pain scores were

assessed after an hour using a numerical rating scale,
where 0 = no pain and 10 = the worst pain that has ever
been experienced. I classify the pain as from 0 to ≤ 3 as
mild, 4 to less than 7 as moderate pain, and greater than
or equal to 7 as severe pain. If it was recorded > 4, an
additional 5 mg nalbuphine is given and the narcotics
used were recorded.
In case of failure of control of the pain by these strat-

egies, the patient was excluded and replaced by another.
The haemodynamic parameters recorded every 15 min

including systolic BP, diastolic BP, and HR were col-
lected. An average reading for the haemodynamic for
each patient was recorded by the end of the procedure.
The number of the patients who received intraoperative
as well as postoperative adjuvant analgesics were re-
corded. The complications from using MgSo4 including
hypotension, delayed recovery, visual changes, and re-
spiratory paralysis were also monitored. The anaesthesia
nurse who records the data and who was applying the
NAS were blinded.

Results
The demographic data were comparable in both groups;
most of the patients were ASA I and ASA II (Table 1).
There was no intraoperative statistically significant dif-

ference in the haemodynamic parameters among the
two groups where the median for the systolic blood
pressure was 120 mmHg in the two groups, 75 mmHg
for the diastolic blood pressure among group I vs 70
mmHg among group II while the median for heart rate
was 80 bpm vs 76 bpm in group II (Table 2).

Table 1 Demographic data among the two groups

Group I (n = 30),
median
(interquartile
range)/no.(%)

Group II (n = 30),
median
(interquartile
range)/no.(%)

P value

Age in years 35 (12.5) 39 (21.5) 0.056435

Gender Male 18 (60%) 16 (53.3%) 0.602332

Female 12 (40%) 14 (46.6%)

ASA
status

I 22 (73.3%) 19 (63.3%) 0.07534

II 3 (10%) 9 (30%)

III 3 (10%) 2 (6.6%)

IV 2 (6.6%) 0

Table 2 Haemodynamic changes among the two groups

Group I (n = 30) Group II (n = 30) P
valueMin Max Median Min Max Median

Systolic 90 145 120 80 150 120 0.24822

Diastolic 40 90 75 60 90 70 0.40077

Heart rate 60 90 80 55 90 76 0.15383

Table 3 Requirement of intraoperative and postoperative
analgesics

Group I (n = 30), no.
of patients

Group II (n = 30),
no. of patients

P value

Intraoperative 10 (33%) 6 (20%) 0.242908

postoperative 2 (6.6%) 3 (10%) 0.02280

Table 4 The numerical rating scale for pain among the two
group

Numerical rating scale Group I Group II P value

Median 2 2 0.25293

Min. 0 0

Max. 7 8
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There was no statistically significant increase in the re-
quirement of intraoperative adjuvant and the postopera-
tive requirement for analgesics 6.6% vs 10% with a P
value < 0.05 among groups I and II, respectively (Table
3).
The numerical rating scale for pain was almost the

same among the two groups with no significant statis-
tical difference among them, where 16 patients in group
I vs 17 in group II with no pain, 12 vs 10 with mild pain,
2 vs 3 with moderate pain, and no patients in any of the
two groups complaining of severe pain [Table 4, Fig. 1].
The cliff’s delta statistics approach near to 0.0 (− 0.07)
indicating that the compared groups tend to overlap,
making the effect size correlate to non-statistical
difference.
The types of surgery were similar in the two groups

with the most frequent were abdominal surgery, spine,
and orthopaedic surgeries [Figs. 2 and 3]. No reported

complications were recorded in the two groups includ-
ing hypotension, respiratory paralysis, delayed recovery,
and abnormality in vision.

Discussion
Magnesium is a NMDA receptor antagonist. Intravenous
magnesium has been accepted to be an effective adju-
vant for the reduction of the opioid requirement, espe-
cially useful in opioid-tolerant patients or when there
are medical concerns related to opioid dose.
In two meta-analyses trials, intraoperative IV magne-

sium sulphate has been proven to be superior compared
with placebo in over 1200 patients in regard to reduced
perioperative opioid consumption and pain scores in the
first 24 h postoperatively, with no serious consequence
(Mariano, 2020; Albrecht et al., 2013).
In one of the analyses, opioid consumption was dra-

matically decreased for morphine in 24 h, 24.4%, and the
pain scores at 24 h after surgery were reduced to be 4.2
at rest and 9.2 on movement (De Oliveira Jr et al., 2013).
Both bolus and continuous infusion regimens were
effective.
Administration of magnesium at a dose of 40 mg/kg

before induction, followed by a 10 mg/kg/h infusion, re-
sulted in a decrease of the total opioid without any
major haemodynamic consequences. Higher infusion
doses have no added value (Buvanendran, 2011); how-
ever, Ryu et al. successfully uses a dose of 50 mg/kg
magnesium sulphate intravenous as a bolus and then 15
mg/kg/hr by continuous intravenous infusion (Ryu et al.,
2008).

Fig. 1 The median and interquartile range of the numerical
rating scale

Fig. 2 The type of surgery among group I
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The results of the current study match this analysis in
the regard that there is neither difference in the require-
ment of analgesics nor the postoperative pain score be-
tween the bolus dose and the infusion; however, our
study was carried out on a limited number of patients in
early postoperative period.
Multimodal analgesia using magnesium may pro-

vide benefit especially when used with ketamine. In
a trial of 50 patients scheduled for scoliosis surgery,
the addition of magnesium to ketamine decreased
postoperative morphine consumption by 30%, with
improved sleep and satisfaction scores, but no
change in pain scores (Jabbour et al., 2014).
The results from a lot of studies largely declare that

the pre-emptive administration of analgesics in surgical
patients had not proved to add major benefits in regard
to immediate postoperative pain relief or reduced need
for supplemental analgesics (Dahl & Møiniche, 2004;
Møiniche et al., 2002b).
It was concluded as well that no overall improve-

ment in postoperative pain control was observed
after pre-emptive administration of systemic NSAID,
opioids, and ketamine (Møiniche et al., 2002b). How-
ever, the addition of acetaminophen to nonsteroidal
anti-inflammatory drugs (NSAIDs) within a multi-
modal regimen can improve pain control and reduce
postoperative morphine consumption (Martinez
et al., 2017). A systematic review comparing the use
of NSAIDs alone or in combination with acetamino-
phen for postoperative pain showed that the combin-
ation was more effective than NSAIDs alone in 64%
of the studies (Ong et al., 2010). The benefits of
combining acetaminophen and NSAIDs, vs NSAID
alone, may differ according to the procedures (Thybo
et al., 2019).

Conclusions
This study come to a conclusion that the continuous in-
fusion of MgSo4 has no added value in the control of in-
traoperative and the postoperative pain, as well as it has
no value in the regard to decreasing the requirement for
adjuvant analgesics.

Limitation of the study
The current conclusion needs to be investigated over a
wider scale of patients, with an extended monitoring for
the postoperative pain over a longer time frame.
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