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Abstract
Introduction: The role of magnesium in perioperative analgesia has been investigated by an increasing number of authors in recent 
years. The implementation of ERAS (Enhanced Recovery After Surgery) protocols in clinical practice necessitates the search for new 
co-analgesics (adjuvants) to include in a multimodal analgesic regimen that would reduce or eliminate the use of opioids. Their side 
effects, combined with the current opioid epidemic, have catalysed efforts to find new models of balanced anaesthesia and analgesia.

Methodology: This literature review includes and analyses 38 clinical studies examining the analgesic properties of magnesium sulphate 
(MgSO4) over the past three decades. It covers 32 randomised controlled trials (RCTs), 5 systematic reviews and meta-analyses of RCTs, 
and one retrospective cohort study. The search was conducted in databases (PubMed, DeepDyve) using the following keywords: anes-
thesia, analgesic request, consumption, MgSO4, multimodal, opioids, postoperative, pain, recovery, requirements, scores

Results: Approximately 90% of the analysed studies demonstrate a positive effect of perioperative magnesium administration on in-
traoperative anaesthetic and postoperative analgesic requirements, pain scores, quality of recovery, haemodynamic profile, and other 
measures, without leading to adverse effects or complications at the dosing regimens used.

Conclusion: Analysis of the data indicates that intravenous magnesium is a potential analgesic with a favourable safety and cost-effectiveness 
profile and can play an important role as an adjuvant in perioperative analgesia. However, additional large-scale studies with standardised pro-
tocols are needed to determine its optimal dosages, as well as the indications and contraindications for its use in clinical anaesthesia practice.
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Introduction
The role of magnesium in perioperative analgesia has been 
the subject of increasing investigation in recent years. The 
introduction of ERAS protocols in clinical practice neces-
sitates searching for new co-analgesics (adjuvants) to be 
included in a multimodal analgesic regimen that would re-
duce or eliminate the use of opioid agents. Their side effects, 
combined with the current opioid overuse epidemic, have 
catalysed efforts to develop new models of balanced anaes-

thesia and analgesia. Magnesium sulphate (MgSO4) atten-
uates pain signals by blocking NMDA (N-methyl-D-as-
partate) receptors and calcium channels, which leads to 
improved perioperative pain management. Additionally, it 
possesses anti-inflammatory properties that further reduce 
pain, especially in conditions with an inflammatory com-
ponent. Multimodal general anaesthesia (also known as 
balanced anaesthesia) is based on the idea that combining 
several drugs with different mechanisms of action allows 
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optimal results while minimising side effects. The goal is to 
achieve an additive or synergistic effect using various drug 
combinations, which can reduce doses or eliminate opioids 
and the undesirable effects associated with them, such as hy-
peralgesia, postoperative nausea and vomiting (PONV), etc.

Methodology

This review includes and analyses 38 clinical studies investi-
gating the analgesic properties of MgSO4 over the last three 
decades (from 1996 to 2024). The included studies involved 
adult patients who received intravenous MgSO4 as an adju-
vant during anaesthesia, with primary outcomes including 
postoperative pain, opioid and anaesthetic consumption, 
time to first analgesic request, quality of recovery, safe-
ty, etc. The search was conducted in databases (PubMed, 
DeepDyve) using the keywords: anesthesia, analgesic re-
quest, consumption, MgSO4, multimodal, opioids, postop-
erative, pain, recovery, requirements, scores.

The potential benefits of MgSO4 as an adjuvant in a mul-
timodal analgesic regimen were evaluated under general in-
halational anaesthesia, total intravenous anaesthesia (TIVA), 
MAC (Monitored Anaesthesia Care), and spinal anaesthe-
sia. These studies were performed in patients undergoing 
surgical interventions of various types, extents, and com-
plexities across diverse fields, including abdominal surgery 
(7 studies), gynaecology (10), orthopaedics (6), urology (2), 
neurosurgery (3), otorhinolaryngology (1), ophthalmic sur-
gery (1), and breast surgery (1), as well as in special patient 
groups such as obstetrics and transplant surgery (Fig. 1).

In total, 32 RCTs, 5 systematic reviews and meta-analy-
ses of RCTs, and one retrospective cohort study were ana-
lysed (Fig. 2).

Results

The most frequently measured outcomes were: intraopera-
tive anaesthetic and opioid consumption, postoperative an-
algesic requirements and pain scores, time to first analgesic 
request, quality of recovery (QoR), comfort and quality of 
sleep, incidence of PONV, recovery time from anaesthesia, 
shivering, changes in haemodynamic parameters, and po-
tential complications. A few studies additionally assessed 
the sensory level of the spinal block, time to regression of 
the sensory block, bispectral index (BIS), and duration of 
mechanical ventilation (MV).

The first randomised double-blind trial investigating the 
role of magnesium sulphate in postoperative analgesia was 
conducted by Tramer M.R. et al. in Geneva University Hos-
pital, including 42 patients undergoing elective hysterecto-
my under general anaesthesia. They found that total mor-
phine consumption over 48 hours was 30% lower in the 
magnesium group compared to the control group, while 
postoperative pain scores were similar in both groups. This 
was the first clinical study to demonstrate that periopera-
tive MgSO4 administration is associated with lower analge-
sic requirements, less discomfort, and better sleep quality 
in the postoperative period, without unwanted effects. This 
investigation spurred dozens of subsequent studies exam-
ining the potential of magnesium as an adjuvant in periop-
erative analgesia [1].

For clarity, the results below are organised by the type of 
outcome measured:

•	 Intraoperative opioid and anaesthetic require-
ments: Almost half of the studies reported a reduc-
tion in intraoperative opioid and anaesthetic require-
ments with magnesium [2–13].

Figure 1.
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•	 Postoperative opioid consumption and pain scores: 
The majority of studies demonstrated a reduction in 
postoperative opioid consumption [1–3, 5, 7–8, 10–25] and 
lower pain scores [2–3, 8, 10–14, 16–20, 22, 24–29] in magne-
sium-treated patients.

•	 Timing of analgesia and rescue analgesics: Some 
studies recorded a longer time to first analgesic re-
quest [12–13, 18, 21, 23, 27] and a reduced frequency of 
“rescue” analgesia in the magnesium group [26].

•	 Postoperative nausea and vomiting (PONV): In 
terms of PONV incidence, some studies found simi-
lar outcomes between magnesium and control groups 
[20, 22, 30], while others reported fewer PONV cases in 
the magnesium groups [3, 13].

•	 Sleep quality and psychological outcomes: Several 
RCTs noted that preoperative MgSO4 administra-
tion led to better quality of sleep and higher comfort 
levels postoperatively [1, 10, 14, 31]. One study observed 
that combining lidocaine with magnesium resulted in 
lower anxiety and depression, greater patient satisfac-
tion, and improved quality of life [27].

•	 Quality of recovery: Xu H. et al. found higher QoR 
(Quality of Recovery) scores on the first postoperative 
day in the magnesium group compared to controls, 
primarily due to improvements in pain, emotional 
state, and comfort [13].

•	 β-endorphin levels: Haryalchi K. et al. observed low-
er serum levels of β-endorphins (natural ‚opioids‘) 
at the end of surgery in the magnesium group com-
pared to baseline (p = 0.04), an effect not seen in the 
control group [24].

•	 Haemodynamic effects: Regarding haemodynamics, 
magnesium improved haemodynamic control [16], re-
duced mean arterial pressure (MAP) after intubation 

and in the early postoperative period [17], and sup-
pressed the pressor response to surgical stimuli [9], 
during skin incision and anaesthesia [12]. In other 
studies, haemodynamic parameters were similar be-
tween magnesium and control groups [8, 19, 20, 26].

•	 Recovery from anaesthesia: The effect of magne-
sium on recovery from anaesthesia varied. Some re-
ported no effect [16]; one noted prolonged awakening 
with a higher dose of magnesium [5]; others found no 
difference in time to awakening and extubation [11, 32]; 
and one observed a longer stay in the PACU (Post-
Anaesthesia Care Unit) for the magnesium group [32].

•	 Postoperative shivering: Patients who received mag-
nesium preoperatively experienced a lower incidence 
of postoperative shivering in some studies [17, 33, 34], 
while other studies found no difference between 
groups [20].

•	 Other findings: Gucyetmez B. et al. found a shorter 
duration of mechanical ventilation after liver trans-
plantation in the magnesium group compared to 
controls [23]. Toker M.K. et al. reported that BIS val-
ues were significantly higher in control groups than 
in magnesium groups (p < 0.001), indicating deeper 
anaesthesia in magnesium-treated patients [28]. Kah-
raman F. et al. observed a longer regression time of 
the sensory block in spinal anaesthesia for abdominal 
hysterectomy with magnesium use [29].

In terms of safety and complications, most studies did 
not find significant differences between magnesium and 
control groups. Haemodynamic side effects were compa-
rable, for instance showing similar rates of hypotension 
(with no bradycardia) [25]. Some differences noted include 
a slightly longer PACU stay [32] and lower Aldrete scores 

Figure 2.
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with a higher incidence of postoperative intubation in the 
magnesium groups [11], but there were no reports of seri-
ous adverse events. Notably, the incidence of intraoperative 
awareness in patients under general anaesthesia for Caesar-
ean section was similar between groups [28] (Fig. 3).

It should be mentioned that a subset of RCTs failed to 
confirm the hypothesised analgesia-enhancing effect of 
magnesium. Only one year after the first positive RCT 
by Tramer et al., Wilder-Smith C.H. et al. concluded that 
a perioperative magnesium infusion did not improve 
postoperative analgesia at the doses tested – in fact, a 
transient reduction in the efficacy of postoperative pain 
relief was observed in the magnesium group. That study, 
conducted in 20 patients undergoing hysterectomy un-
der general anaesthesia, found no analgesic benefit from 
magnesium [35]. Bhatia A. et al. reported in their RCT 
of 50 patients that the role of MgSO4 as an adjunct an-
algesic in open cholecystectomy remains unclear and 
warrants further research. Magnesium did not produce 
a significant analgesic effect, though it did improve pa-
tient comfort without causing additional side effects [31]. 
Similarly, Frassanito L. et al. concluded that intravenous 
perioperative MgSO4 administration did not influence 
postoperative pain control or analgesic consumption af-
ter total knee arthroplasty under spinal anaesthesia [30]. 
In a contemporary retrospective cohort study of 182 pa-
tients who underwent robot-assisted radical prostatec-
tomy (RARP) with intraoperative MgSO4, Salevitz D. et 
al. found that magnesium was not associated with de-
monstrably improved pain control in urological surgery, 
and they noted that prospective studies are needed to 
confirm these findings [36].

Some studies have compared different dosing regimens 
of MgSO4. Seyhan T.O. et al.  evaluated three dosing pro-
tocols in 80 patients undergoing gynaecological surgery 
under general anaesthesia. All patients received an initial 
40 mg/kg of MgSO4 before induction. Subsequently, one 
subgroup was infused with placebo, another with MgSO4 
at 10 mg/kg/h, and a third with MgSO4 at 20 mg/kg/h for 4 
hours. The authors concluded that in their study the lower 
infusion dose (10 mg/kg/h) struck the optimal balance, sig-
nificantly reducing propofol and atracurium requirements 
without prolonging anaesthesia recovery time [5]. Khafagy 
H.F. et al. similarly examined two MgSO4 dosing regimens 
in an RCT with 60 patients undergoing hernioplasty. Mag-
nesium groups received a 50 mg/kg MgSO4 bolus followed 
by an infusion of either 8 mg/kg/h (Mg1) or 16 mg/kg/h 
(Mg2), while the control group - an equal volume of saline. 
They found that a regimen of 50 mg/kg bolus + 8 mg/kg/h 
infusion of MgSO4 significantly reduced intraoperative 
propofol and vecuronium requirements as well as postop-
erative fentanyl consumption. Doubling the infusion rate 
to 16 mg/kg/h provided minimal additional benefit, at the 
expense of haemodynamic side effects and prolonged re-
covery time [7].

Other trials have directly compared the analgesic effect of 
magnesium to that of established adjuvant analgesics. Saad-
awy I.M. et al. conducted the first study directly comparing 
magnesium with another well-established analgesic adju-
vant, lidocaine, and found their efficacy to be similar. They 
demonstrated that intravenous lidocaine or magnesium ad-
ministration improved postoperative analgesia and reduced 
intra- and postoperative opioid requirements in patients 
undergoing laparoscopic cholecystectomy [10]. Abdel Rady 

Figure 3.
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M.M. et al. compared a single-bolus dose of MgSO4 ver-
sus a single-bolus dose of lidocaine on postoperative pain, 
emotional state, and quality of life in patients undergoing 
spinal stabilisation surgery. In this RCT, 120 patients were 
randomised into four groups: group L (4 mg/kg lidocaine), 
group M (30  mg/kg MgSO4), group L+M (both lidocaine 
and MgSO4 at those doses), and group C (saline placebo). 
The study showed a synergistic effect from the combina-
tion of lidocaine and MgSO4, leading to reduced analgesic 
consumption, lower depression and anxiety scores, and im-
proved quality of life for up to 3 months after surgery [27]. 
Sousa A.M. et al. performed an RCT comparing the analge-
sic effect of IV MgSO4 infusion to that of ketorolac during 
laparoscopic gynaecologic surgery. They found that MgSO4 
improved postoperative pain control with an effect similar 
to 30 mg of ketorolac given at the start of the operation. The 
implication is that magnesium may substitute for or comple-
ment NSAIDs (non-steroidal anti-inflammatory drugs) in 
postoperative pain management protocols [22].

In summary of the recent evidence, attention should be 
drawn to the systematic reviews and meta-analyses of RCTs 
published from 2013 onward. Murphy J.D. et al. published 
a systematic review and meta-analysis on “the analgesic 
efficacy of continuous intravenous magnesium infusion as 
an adjuvant to morphine in postoperative analgesia.” They 
analysed 22 clinical trials comprising a total of 1,177 pa-
tients (599 magnesium, 578 control). The results showed a 
significant reduction in morphine use among patients re-
ceiving magnesium, with no differences in side effects such 
as PONV. Pain scores on the visual analogue scale (VAS) at 
4–6 hours postoperatively were  substantially lower in the 
magnesium groups, although by 20–24 hours post-op this 
difference was no longer observed. The authors concluded 
that perioperative magnesium can be a useful adjuvant for 
postoperative pain control, providing analgesia via a mecha-
nism distinct from opioids, and could be a valuable addition 
to multimodal analgesic regimens [37].

Ng K.T. et al. conducted a systematic review and me-
ta-analysis to investigate the effect of intravenous magne-
sium on postoperative morphine consumption in the first 
24 hours after non-cardiac surgery. They included 51 stud-
ies (n = 3311 patients) in a quantitative meta-analysis. The 
meta-analysis found that, compared to placebo: (1) postop-
erative morphine consumption was significantly reduced 
in magnesium-treated groups (p < 0.001); (2) time to first 
analgesic request was substantially prolonged (p < 0.001); 
and (3) the incidence of shivering was markedly lower (p 
< 0.001). There were no significant differences in postoper-
ative pain scores within the first 24 hours (p = 0.13), inci-
dence of bradycardia (p = 0.80), or incidence of PONV (p = 
0.49). The cumulative evidence from trials on magnesium’s 
effect in reducing postoperative morphine consumption 
was deemed convincing. However, the authors noted that 
many included studies were of low methodological quali-
ty and exhibited substantial heterogeneity. They concluded 
that magnesium is likely an effective component of multi-
modal analgesia (by reducing opioid requirements), but fur-

ther large, high-quality studies are needed to confirm this 
effect and to determine the optimal dosing regimen [33].

Choi G.J. et al. carried out an umbrella review of system-
atic reviews and meta-analyses (17) of RCTs (258), along 
with an updated meta-analysis incorporating trial sequen-
tial analysis (TSA). For this updated analysis, data from 109 
adult RCTs and 13 paediatric RCTs were included. TSA was 
used to assess whether the existing evidence is sufficient. 
The results showed that magnesium significantly lowered 
pain scores (both at rest and during movement) within the 
first 24 hours post-surgery, and markedly reduced postop-
erative analgesic consumption. The TSA indicated that the 
existing evidence was sufficiently convincing. Magnesium 
also extended the time to first analgesic request, indicating 
a longer-lasting analgesic effect. According to the GRADE 
system (Grading of Recommendations, Assessment, De-
velopment and Evaluation), the quality of evidence ranged 
from low to moderate. The updated meta-analysis con-
firmed the positive effect of magnesium on postoperative 
analgesia. The TSA suggested that current evidence is ad-
equate, but additional research is needed for confirmation. 
Notably, this was the first umbrella review to systematically 
analyze the efficacy of magnesium as an adjuvant in post-
operative analgesia [38].

Avci Y. et al. published a systematic review and me-
ta-analysis of RCTs entitled “Unravelling the analgesic 
effects of perioperative magnesium in general abdominal 
surgery.” They included 31 RCTs with a total of 1,762 pa-
tients (800 magnesium, 802 control). The results demon-
strated: (1) significantly lower pain scores in the magne-
sium group in both the early postoperative period (up to 6 
hours, p < 0.0001) and the late postoperative period (up to 
24 hours, p = 0.006); (2) a substantial reduction in opioid 
consumption (in morphine milligram equivalents, MME) 
in the magnesium group in both the early (p = 0.0002) 
and late (p = 0.0005) postoperative periods; (3) a markedly 
prolonged time to first analgesic request in the magnesium 
group compared to controls (p = 0.005); and (4) no signifi-
cant differences between magnesium and control groups in 
intra- or postoperative complications such as hypotension, 
bradycardia, or PONV [34].

In the same year, Hung K.C. et al. presented a me-
ta-analysis of RCTs on the impact of IV MgSO4 infusion on 
postoperative quality of recovery, assessed via a QoR ques-
tionnaire encompassing various recovery domains. Seven 
RCTs with a total of 622 surgical patients were included. 
The meta-analysis found that MgSO4, compared to place-
bo: (1) significantly improved the global QoR score on the 
first postoperative day (p < 0.00001); (2) improved specific 
QoR domains, with a strong effect on pain (p < 0.00001) 
and physical comfort (p < 0.0001), a moderate effect on 
emotional state (p = 0.002), and a mild effect on physical 
independence (p < 0.00001) and psychological support (p 
< 0.0001); (3) reduced intraoperative opioid consumption 
(p < 0.0001); (4) reduced postoperative pain intensity; and 
(5) lowered the incidence of PONV (p = 0.008). There were 
(6) no differences in extubation times, and (7) only a slight-
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ly prolonged PACU stay in the magnesium group. These 
findings highlight the potential of MgSO4 as a valuable 
adjuvant for multimodal analgesia and enhanced recovery 
after surgery [32]. Table 1 summarizes the evidence from the 
clinical studies.

Discussion

The RCTs in this review were conducted under general 
inhalational anaesthesia, TIVA, MAC, and spinal anaes-
thesia in patients undergoing a wide range of surgical 
procedures (spanning abdominal surgery, gynaecology, 
orthopaedics, urology, neurosurgery, otorhinolaryngolo-
gy, ophthalmic and breast surgery), including special pop-
ulations such as obstetric and transplant patients. Most of 
the RCTs clearly demonstrate that MgSO4 reduces intra-
operative opioid and anaesthetic requirements [2–13], de-

creases postoperative opioid consumption [1–3, 5, 7–8, 10–25], 
lowers pain scores [2–3, 8, 10–14, 16–20, 22, 24–29], and extends 
the time until the first request for analgesia [12–13, 18, 21, 23, 

27]. Some trials also report a lower incidence of shivering 
[17, 33, 34] and PONV [3, 13], better postoperative sleep qual-
ity and comfort [1, 10, 14, 27, 31], improved recovery profiles 
[13], a more favourable haemodynamic profile [9, 12, 16, 17], 
shorter duration of mechanical ventilation [23], prolonged 
regression of sensory block in spinal anaesthesia [29], lower 
postoperative β-endorphin levels [24], and lower BIS values 
indicating adequate anaesthetic depth [28]. Importantly, 
with the MgSO4 analgesic regimens used, no serious com-
plications or prolonged recoveries from anaesthesia were 
observed [11, 16, 32].

Several studies investigated different MgSO4 dos-
ing regimens [5, 7], and others compared magnesium’s 
analgesic effect with that of other adjuvants such as lido-
caine and ketorolac [10, 22, 27]. The findings from five me-

﻿Table 1.    Summary of clinical studies on magnesium sulfate (MgSO4﻿) as an adjuvant in anesthesia and analgesia.
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Tramer 1996 RCT Elective hysterectomia GA 
(n=42)

~30% less morphine over 48h; 
better sleep; no major AEs

Positive Moderate / 1 Weak/Conditional B

Wilder-Smith 
1997

RCT Hysterectomy GA (n=24) No improvement; transient reduc-
tion in analgesia efficacy

Negative Low/ 2 Weak B

Koinig 1998 RCT Arthroscopy TIVA (n=46) Reduced intra- and postoperative 
analgesic requirements

Positive Moderate / 1 Weak/Conditional B

Schulz-Stüb-
ner 2001

RCT Vitrectomy TIVA (n=50) Magnesium reduced anaesthetic 
requirements

Positive Moderate / 1 Weak/Conditional B

Choi 2002 RCT Elective hysterectomia Propo-
fol–N2O anesthesia (n=74)

Reduced propofol infusion; BIS 
supported adequate depth

Positive Moderate / 1 Weak/Conditional B

Levaux 2003 RCT Lumbar orthopedic surgery 
GA (n=24)

Improved pain relief and patient 
comfort

Positive Moderate / 1 Weak/Conditional B

Bhatia 2004 RCT Open cholecystectomy GA 
(n=50)

No significant analgesic effect; 
improved comfort

Neutral Moderate / 1 Weak/Conditional B

Gupta 2006 RCT Spinal surgery TIVA (n=50) Reduced anesthetic requirements Positive Moderate / 1 Weak/Conditional B
Tauzin-Fin 
2006

RCT Radical prostatectomy GA 
(n=30)

↓ tramadol requirements Positive Moderate / 1 Weak/Conditional B

Seyhan 2006 RCT Gynecologic Surgery TIVA 
(n=80)

10 mg/kg/h optimal; higher dose 
prolonged awakening

Positive Moderate / 1 Weak/Conditional B

Khafagy 2007 RCT Hernioplasty TIVA (n=60) 50 mg/kg + 8 mg/kg/h reduced 
requirements; 16 mg/kg/h added 
side-effects

Positive Moderate / 1 Weak/Conditional B

Cizmeci 2007 RCT Septorhinoplasty TIVA (n=60) Improved analgesia with Mg Positive Moderate / 1 Weak/Conditional B
Oguzhan 
2008

RCT Lumbar disc surgery GA 
(n=50)

↓ sevoflurane and perioperative 
opioids

Positive Moderate / 1 Weak/Conditional B

Ryu 2008 RCT Gynecology TIVA (n=50) ↓ anesthetic and analgesic require-
ments

Positive Moderate / 1 Weak/Conditional B

Benhaj Amor 
2008

RCT Abdominal surgery GA 
(n=48)

Improved postoperative pain 
control

Positive Moderate / 1 Weak/Conditional B

Kaya 2009 RCT Remifentanil-based anesthesia 
(n=40)

↓ postoperative morphine 
requirement

Positive Moderate / 1 Weak/Conditional B

Lee 2009 RCT Cesarean section GA (n=72) Beneficial adjuvant effects Positive Moderate / 1 Weak/Conditional B
Saadawy 
2010

RCT (head 
-to-head)

Laparoscopic cholecystectomy 
GA (n=120)

Mg ≈ Lidocaine efficacy Positive Moderate / 1 Weak/Conditional B
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Hwang 2010 RCT Hip replacement SA (n=40) Improved analgesia Positive Moderate / 1 Weak/Conditional B
Olgun 2012 RCT Laparoscopic cholecystectomy 

GA (n=60)
↓ desflurane requirement; better 
recovery

Positive Moderate / 1 Weak/Conditional B

Kumar 2013 RCT Abdominal surgery SA (n=60) ↓ postoperative pain Positive Moderate / 1 Weak/Conditional B
Murphy 2013 System-

atic review + 
Meta-analysis

Various 22 RCTs, n=1177 ↓ morphine, ↓ pain at 4–6h; no 
AEs

Positive High / 1 Strong A

Kahraman 
2014

RCT Abdominal hysterectomy SA 
(n=40)

Longer sensory block regression; 
↓ pain

Positive Moderate / 1 Weak/Conditional B

Frassanito 
2015

RCT Total knee arthroplasty SA 
(n=40)

No difference vs control Neutral Moderate / 1 Weak/Conditional B

Sousa 2016 RCT Laparoscopic gynecologic 
surgery GA (n=60)

Analgesic effect similar to 30 mg 
ketorolac

Positive Moderate / 1 Weak/Conditional B

Gucyetmez 
2016

RCT Liver transplantation GA 
(n=70)

↓ tramadol need; shorter ventila-
tion

Positive Moderate / 1 Weak/Conditional B

Haryalchi 
2017

RCT Abdominal hysterectomy GA 
(n=40)

↓ serum β-endorphin; improved 
pain perception

Positive Moderate / 1 Weak/Conditional B

Toker 2018 RCT C-section GA (n=100) Lower BIS vs control; Lower VAS 
score

Positive Moderate / 1 Weak/Conditional B

Tsaousi 2020 RCT Lumbar laminectomy GA 
(n=74)

Reduced pain/opioids needs vs 
placebo

Positive Moderate / 1 Weak/Conditional B

Gao 2020 RCT Hysteroscopy MAC (n=70) Antinociceptive effect; improved 
comfort

Positive Moderate / 1 Weak/Conditional B

Ng 2020 System-
atic review + 
Meta-analysis

Non-cardiac surgery 51 RCTs, 
n=3311

↓ 24h morphine, 
↑ time to first analgesic, 
↓ shivering

Positive High / 1 Strong A

Choi 2021 Umbrella 
review + 
Meta-analysis

Various 258 RCTs TSA-109 
RCTs

↓ pain; ↓ analgesic use; TSA-
sufficient evidence

Positive High / 1 Strong A

Hatice Akbu-
dak 2023

RCT Mastectomy GA (n=68) ↓ postoperative pain Positive Moderate / 1 Weak/Conditional B

Avci 2024 System-
atic review + 
Meta-analysis

Abdominal surgery 31 RCTs, 
n=1762

↓ pain, ↓ opioids; ↑ time to first 
analgesic; no ↑ AEs

Positive High / 1 Strong A

Hung 2024 Meta-analysis Various surgeries 7 RCTs, 
n=622

Improved global QoR; ↓ intraop. 
opioids; ↓ PONV

Positive High / 1 Strong A

Xu 2024 RCT Total knee arthroplasty TIVA 
(n=148)

Higher QoR; ↓ pain; ↓ intraop. 
opioids

Positive Moderate / 1 Weak/Conditional B

Abdel Rady 
2024

RCT Spinal surgery GA (n=120) Mg+Lidocaine synergy; ↓ analge-
sics] ↓ anxiety; better QoL up to 
3 months

Positive Moderate / 1 Weak/Conditional B

Salevitz 2024 Retrospective 
cohort

Urologic surgery(RARP) GA 
(n=182)

No association with improved 
pain control

Neutral Low / 2 Weak B

Notes: RCT - Randomized Controlled Trial; GA - General Anaesthesia; SA - Spinal Anaesthesia; TIVA - Total Intravenous Anaesthesia; MAC - Moni-
tored Anaesthesia Care; QoR - Quality of Recovery; QoL - Quality of Life; AEs - Adverse Events; BIS - Bispectral Index; VAS - Visual Analogue 
Scale; PONV - Postoperative Nausea and Vomiting; TSA - Trial Sequential Analysis; GRADE - Grading of Recommendations Assessment, Develop-
ment and Evaluation; OCEBM - Oxford Centre for Evidence-Based Medicine Levels of Evidence; SORT - Strength of Recommendation Taxonomy; 
RARP - Robot-Assisted Radical Prostatectomy.

ta-analyses underscore the value of MgSO4 as a useful ad-
juvant in multimodal analgesia and in improving recovery 
outcomes [32–34, 37–38]. However, it must be acknowledged 
that not all studies demonstrated significant analgesic or 
opioid-sparing effects from magnesium [30–31, 35–36] (Fig. 
4). These discrepancies highlight the need for further re-
search to clarify magnesium’s role and efficacy in various 
clinical contexts.

Various dosing protocols (~30–50  mg/kg bolus and 
8–20  mg/kg/h infusion) have been employed across the 
studies. Some evidence suggests that increasing the dose 
of magnesium beyond a certain point yields minimal ad-
ditional benefit but introduces haemodynamic side effects 
and delays recovery from anaesthesia [5, 7]. When incorpo-
rating magnesium into a multimodal analgesic regimen, 
its potentiating effect on neuromuscular blockade must be 
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taken into account. Therefore, dose adjustments and mon-
itoring of neuromuscular transmission are imperative to 
avoid potential complications and ensure timely recovery.

Conclusion

Analysis of the data indicates that intravenous magnesium 
is a promising analgesic with a favourable safety profile and 
cost-effectiveness, and it can play an important role as an 
adjuvant in perioperative pain management. Included in 
multimodal analgesic regimens, magnesium has the poten-
tial to reduce opioid and anaesthetic consumption, lower 
pain scores and analgesic requirements, and improve post-
operative comfort and patient satisfaction. The existing ev-
idence base is quite convincing.

However, further large-scale studies with standardised 
protocols are needed to determine the optimal dosing, 
administration methods, and timing, as well as to define 
the indications and contraindications for magnesium use 
in clinical anaesthesia practice. It is essential to conduct 
more in-depth evaluations of safety and to investigate 
various dosing regimens across different types of surgical 
procedures. To ensure the optimal utilisation of MgSO4’s 
advantages as an anaesthetic adjuvant and to minimise 
the risk of potential complications, its administration 
should be accompanied by strict monitoring of anaes-
thesia depth (e.g. BIS) and neuromuscular transmission 
(NMT).
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