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Summary
Background The effectiveness and safety of intraoperative intravenous magnesium (IIM) on spine surgery remain
uncertain, as recent randomized controlled trials (RCTs) yielded conflicting results. The purpose of this study was to
determine the impact of IIM on spine surgery.

Methods A literature search was performed on multiple electronic databases, ClinicalTrial.gov and Google Scholar
on July 12th 2021, and reference lists were examined. We selected RCTs comparing the effects of IIM with placebo
treatment on spine surgery. We calculated pooled standard mean difference (SMD) or risk ratio (RR) with 95% confi-
dent interval (CI) under a random-effect model. We assessed risk of bias using Cochrane risk-of-bias tool and Jadad
score was applied to assess the quality of each included trial. Grading of Recommendations, Assessment, Develop-
ment, and Evaluation (GRADE) was used to determine the confidence in effect estimates. Sensitivity analysis was
conducted by omitting each included study one by one from the pooled analysis. PROSPERO Registration:
CRD42021266170.

Findings Fourteen trials of 781 participants were included. Low- to moderate-quality evidence suggested that IIM
reduces postoperative morphine consumption at 24 h (SMD: -1¢61 mg, 95% CI: -2¢63 to -0¢58) and intraoperative
remifentanil requirement (SMD: -2¢09 ug/h, 95% CI: -3¢38 to -0¢81). High-quality evidence suggested that IIM
reduces the risk of postoperative nausea and vomiting compared with placebo (RR: 0¢43, 95% CI: 0¢26 to 0¢71).
Besides, moderate-quality evidence suggested that recovery orientation time in the IIM group is longer than control
group (SMD: 1¢13 min, 95% CI: 0¢83 to 1¢43).

Interpretation IIM as adjuvant analgesics showed overall benefits on spine surgery in terms of reducing analgesic
requirement and postoperative nausea and vomiting; however, potential risks of IIM, such as delayed anesthetic
awakening, should not be ignored. Future evidence will inform the optimal strategy of IIM administration for
patients undergoing spine surgery.

Funding This study was funded by Beijing Municipal Natural Science Foundation (Grant No :7212117).
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Introduction
N-methyl-D-aspartate (NMDA) receptor is the key to the
induction and maintenance of central sensitization dur-
ing pain states.1 Magnesium, the fourth most abundant
mineral in the body, acts as an important NMDA recep-
tor antagonist, can regulate calcium entry into cells by
antagonizing NMDA receptors. The mechanism of anal-
gesic effect of magnesium lies in its prevention of
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central sensitization and neural hypersensitivity.2 The
first use of magnesium in anesthesia dates back to
1906 for its depressant effect on central nervous system
though it was not considered safe for its risk of respira-
tory and cardiac depression and following cerebral
hypoxia.3,4 It was not until 1996 when researchers
started to regain confidence in the perioperative admin-
istration of magnesium, as the randomized trial by
Tramer et al. reported that magnesium as an adjuvant
analgesic significantly reduced pain severity and
improved sleep quality after hysterectomy.5 However,
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previous systematic reviews showed that the overall
analgesic benefit of intraoperative intravenous magne-
sium (IMM) still remained controversial.6−8

Spine surgery is often associated with moderate to
severe postoperative pain, while adequate pain control
after surgery allows for faster recovery, less complica-
tions, and improved overall satisfaction.9 Typically, pain
management after spine surgery relies on opioids,
which are effective in relieving pain but associated with
dose-dependent side effects (e.g., postoperative nausea
and vomiting (PONV), respiratory depression and hypo-
tension).10 In the past two decades, several randomized
controlled trials (RCTs) investigating the impact of IIM
on spine surgery have emerged. However, it is uncer-
tain whether IIM reduces postoperative morphine
requirements, pain intensity, or postsurgical adverse
events on patients undergoing spine surgery.11-13 A syn-
thesis of the literature is therefore in need.

To date, no similar systematic review was found as
the International Prospective Registry of Systematic
Reviews (PROSPERO) and Cochrane Database of Sys-
tematic Reviews. This systematic review and meta-anal-
ysis aimed to evaluate the current evidence from
randomized controlled trials (RCTs) related to the effec-
tiveness and safety of IIM as adjuvant analgesics in
spine surgery. A comprehensive understanding of the
current level of evidence in the literature would help
clarify the clinical utility of IIM in spine surgery and
inspire future research.
Methods

Study design
This systematic review and meta-analysis was developed
according to the guidelines for Preferred Reporting
Items for Systematic Review and Meta-Analysis
(PRISMA) and the Method Guideline for Systematic
Reviews in the Cochrane Back and Neck (CBN)
Group.14,15 We prospectively registered this systematic
review in the PROSPERO database (Registration num-
ber: CRD42021266170).
Criteria for considering studies for this review. We
only included published RCTs that administered mag-
nesium intravenously during spine surgery. No lan-
guage limit was applied. Original trials included were
based on PICO structure:16 (a) population: patients
undergoing spine surgery under general anesthesia; (b)
intervention: use of IIM, as single bolus injection and/
or continuous infusion. Regional approaches (e.g.,
intramuscular or intraspinal) were not considered as
target interventions; (c) comparison: placebo treatment
(normal saline) or other comparative treatments of clear
contrast for the index intervention; and (d) predefined
outcomes: opioids consumption during and after sur-
gery, postsurgical pain intensity, anesthetic recovery
time, blood loss, and adverse events (bradycardia, hypo-
tension, PONV, etc.).
Search strategy. A tri-step search strategy was
applied.17 First, a preliminary search was conducted
using terms and key words based on knowledge of the
field (i.e., “spine” and “magnesium”). Then, search
terms were revised according to the results of the first
step; and we searched the following electronic data-
bases, registries and websites on July 12th 2021, unre-
stricted by date: PubMed, Embase, Cochrane library,
SCOPUS, Web of Science, Google Scholar and Clinical-
Trials.gov. Lastly, the reference lists of retrieved trials
and previous systematic reviews were screened for cita-
tion of potentially eligible trials. The detailed search
strategy is shown in Table 1.
Study selection. Two independent reviewers screened
the titles and abstracts of the initially enrolled studies,
and duplicates or irrelevant studies were excluded. Tri-
als selected by the first selection were read in full-text
articles for a second selection using the eligibility crite-
ria. Any disagreements were resolved by achieving con-
sensus through discussion.
Data extraction and management. All data were inde-
pendently extracted using the data extraction form (Sup-
plementary Files 2) by two reviewers. When data
extraction of interest from a publication was not possi-
ble, the corresponding author was contacted via e-mail
for obtaining unpublished data. The missing data was
then ignored if no response was received. A double
check process was undertaken by a senior researcher
when the extraction process was finished.
Assessing the methodological quality. The risk of bias
for each included RCTs was assessed by two reviewers
independently using the bias tool recommended by the
Cochrane Back and Neck (CBN) Group,15 and the over-
all quality of each included trials was assessed by Jadad
score.18 Disagreements were resolved by consensus of
the whole group. The graphical presentation of assess-
ment of risk of bias was generated by RevMan 5.3 (The
Cochrane Collaboration, Software Update, Oxford, UK).

We also applied Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE)
approach to evaluate the overall quality of the evidence
based on five domains: risk of bias, inconsistency, indi-
rectness, imprecision and publication bias. GRADE
approach evaluates the quality of evidence as high, mod-
erate, low, or very-low by the outcomes.19
Data synthesis and analysis. All pain scales were con-
verted to a ten-point scale, and a negative effect indicates
that IIM is more beneficial than control. Dosage of
www.thelancet.com Vol 43 Month January, 2022



Source Search terms Searched
results

PubMed (magnesium[All Fields] OR "Magnesium"[Mesh]) AND ("spine surgery"[All Fields] OR "spine operation"[All Fields] OR

"spine fusion"[All Fields] OR “lumbar fusion"[All Fields] OR “back surgery” OR laminectomy[All Fields] OR discectomy

[All Fields] OR "Spine/surgery"[Mesh])

60

Cochrane Library #1: MeSH descriptor: [Magnesium] explode all trees

#2: (magnesium):ti,ab,kw

#3: MeSH descriptor: [Spine] explode all trees

#4: ("spine surgery" OR "spine operation" OR "spine fusion" OR "lumbar fusion" OR "back surgery" OR laminectomy

OR discectomy):ti,ab,kw

#5: (#1 OR #2) AND (#3 OR #4)

52

Embase magnesium:ab,ti AND ('spine surgery':ab,ti OR 'spine operation':ab,ti OR 'spine fusion':ab,ti OR 'laminectomy':ab,ti) 31

SCOPUS TITLE-ABS-KEY (magnesium) AND TITLE-ABS-KEY ('spine AND surgery' OR 'spine AND operation' OR 'spine AND fusion'

OR 'laminectomy')

68

Web of Science TS=magnesium AND TS=(“spine surgery” OR “spine operation” OR “spine fusion” OR “laminectomy”) 49

Google Scholar allintitle: magnesium AND ("spine surgery" OR "spine operation" OR "spine fusion" OR “lumbar fusion" OR “back sur-

gery” OR laminectomy OR discectomy)

12

ClinicalTrials.gov Status: All studies; Condition or disease: spine surgery; Other terms: magnesium 8

In total 280

Table 1: Search strategy and results.
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opioid analgesics administration other than intravenous
morphine were adjusted as parenteral morphine
(mg),20 while the efficacy of remifentanil was consid-
ered equal to fentanyl in this study.21

The results from finally screened studies were com-
bined to estimate as effective results in standardized
mean differences (SMD) and 95% confident interval
(CI) for continuous outcomes. For dichotomous out-
comes, pooled risk ratio (RR) and 95% CI were esti-
mated. The synthesis was done by generating a forest
plot of the study estimates using R package meta. Het-
erogeneity was reported using the I2 statistic, and I2 val-
ues of 25%, 50%, and 75% indicated low, moderate, and
high heterogeneity.22 The random-effects model was
used regardless of heterogeneity. Statistical significance
was set at P < 0¢05 in this review.

Reporting bias assessment and sensitivity analysis. Tag-

gedPFunnel plots and Egger regression asymmetry test were
planned, where possible, to explore reporting bias.23 To
confirm the robustness of our findings, a sensitivity
analysis was conducted by omitting each included study
one by one from each pooled analysis.
Role of funding sources. Data collection, checking,
analysis, and manuscript preparation was supported by
the Beijing Municipal Natural Science Foundation
(Grant No: 7212117).

Results
A total of 280 published citations from September 1965
to April 2021 were captured, of which 185 were screened
at title/abstract level according to the eligibility criteria.
www.thelancet.com Vol 43 Month January, 2022
We retrieved full-text for 30 articles, and 1 study from
the reference lists was also included. Finally, 14 ran-
domized trials consisting of 781 participants, represent-
ing seven countries, were included in the systematic
review and meta-analysis. The study selection process
was presented in Figure. 1.
Difference between protocol and review
In the current study, there are differences in methods from
those described in the registered protocol. First, the
planned eligibility criteria of “operation duration shorter
than 300 min” and “American Anesthesiologist Score
(ASA) score ≤ 3” were not adopted in this review due to
lack of information in many studies. Then, the data of
blood loss volume and cumulative dose of intraoperative
anesthetics was not combined due to insufficient data.
Study characteristics
The final included studies were published between June
2002 and July 2020. The study sample size ranged
from 24 to 102 (median 50). All included trials applied
randomization in patient allocation, and most of the tri-
als (13/14) had clear descriptions of blinding. The
included population was adolescent to middle-aged
patients (14¢2−55¢9 years of age). Most trials adminis-
tered magnesium as bolus injection followed by contin-
uous infusion (12/14)—the bolus dosage ranged from
20 to 50 mg/kg and the continuous dosage ranged from
8 to 20 mg/kg/h. Two trials administered the magne-
sium as standalone continuous infusion and one trial
as single bolus injection.24−26 Noteworthily, only nor-
mal saline administration (placebo treatment) was
3



Figure 1. Selection of studies through review.

Articles

4

considered as appropriate comparative in this study.
Table 2 provides a summary of the findings and Jadad
scores of included trials.

Methodological quality
The CBN risk of bias assessment revealed low risk of
bias among the included studies, see Fig. 5. All included
studies were at “low” risk of bias as the median Jadad
score for included studies were 4, indicating methodo-
logically good-quality trials on average.18 Publication
bias was examined only by funnel plots due to paucity
of data (less than ten studies) for all outcomes. Despite
the fact that all these funnel plots did not suggest asym-
metry, publication bias still cannot be ruled out in the
current study (See Supplementary Fig. A-I).

Perioperative analgesic consumption and pain
intensity
Six trials reporting data on 403 participants were included
in the meta-analysis to estimate the effect of IMM on
analgesic consumption at 24 h after surgery.13,25−29 The
pooled results provide moderate-quality evidence that IIM
reduces postsurgical morphine consumption at 24 h after
surgery compared with control (SMD=�1¢61 mg, 95% CI
�2¢63 to �0¢58; I2=95%). Very-low-quality evidence sug-
gested that there is no significant difference in the pain
intensity at 24 h after surgery (five trials, 309 patients)
between the two groups (SMD=0¢04, 95% CI �0¢33 to
0¢42; I2=61%). When compared with the placebo group,
IIM is associated with a significant reduction of intraoper-
ative remifentanil requirements (four trials, 237 patients)
(SMD=�2¢09 mg/h, 95% CI �3¢38 to −0¢81; I2=94%).
The grade of evidence for intraoperative remifentanil
requirements is low-quality (See Figure. 2 and Supple-
ment Table A).
Anesthetic recovery time
Moderate-quality evidence suggested that the orienta-
tion time after surgery (four trials, 206 patients) is
www.thelancet.com Vol 43 Month January, 2022
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Patients (Magnesium vs

control)

Intervention Comparison Outcomes (Magnesium vs Control) Quality of

evidence

Author year Randomized patients

(completed);

mean age; gender.

Magnesium

administration

Control

group

Remifentanil

consumption

Extubation

time (min)

Recovery time

(min)

Analgesics

consumption

postoperatively

Pain score

postoperatively

Blood loss (ml) Adverse Events Jadad score

Srivastava et al.

201648

N: 30 (28) vs. 30 (29)

Age: 48¢30 § 7¢70 vs.

46¢57 § 8¢73
Gender (female): 13/

30 vs. 14/30

Bolus (50 mg/

kg) + continuous infusion

(15 mg/kg/h)

Same volume

of normal

saline.

34¢93 § 8¢44 vs.
44¢38 § 10¢40 (ug/

h)

13¢39 §
3¢65 vs. 10¢78
§ 2¢98

Follow commands:

12¢68 § 3¢29 vs.
9¢82§ 2¢59
Orientation: 14¢68
§ 3¢19 vs 11¢81 §
2¢86

Ventricular

ectopic:1/28 vs 0/

29

Telci et al.

200249

N: 40 (40) vs. 41(41)

Gender (female):

36/81

Bolus (30 mg/

kg) + continuous infusion

(10 mg/kg/h)

Same volume

of normal

saline.

4¢74§1¢16 vs.

9¢35§1¢62 (ug/kg/

h)

− − − − − − 3

Tsaousi et al.

202029

N: 37 (35) and 37 (36)

Age: 55¢90 § 10¢80 vs.
49¢00 § 15¢00
Gender (female):

22/35 vs. 21/36

Bolus (20 mg/

kg) + continuous infusion

(20 mg/kg/h)

Same volume

of normal

saline.

44¢20 § 66¢80 vs.

196¢60 § 103¢30
(ug/h)

6¢80§
2¢90 vs. 8¢40
§ 2¢90

− 5¢33§ 3¢38 vs.
14¢68 § 4¢79 (mor-

phine, mg) (24 h)

− − Hypotension: 15/

35 vs. 8/36

Bradycardia:

2/35 vs. 0/36

PONV:

4/35 vs. 11/36

Shivering:

0/35 vs.9/36

5

Table 2: Summary of findings and Jadad scores of included studies.
Abbreviations: PONV=postoperative nausea and vomiting.
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Figure 2. Pooled estimates for postoperative: (a) analgesic consumption at 24 h, (b) pain intensity at 24 h and (c) remifentanil
requirements of magnesium vs. control. The blue square shape represents the study weight for each trial (the mid-point of the box
represents mean effect estimate), while the red diamond shape represents the pooled effect estimate (the length of the diamond
on the x-axis symbolizes the confidence interval of the pooled result).
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significantly longer in the IIM group compared with
control (SMD=1¢13 min, 95% CI 0¢83 to 1¢43; I2=0).
Very-low-quality evidence suggested that there is no sig-
nificant difference in extubation time (SMD=0¢98 min,
95% CI �0¢19 to 2¢14; I2=95%), or time to follow com-
mands (SMD=0¢63 min, 95% CI �0¢29 to 1¢54; I2=91%),
for details see Figure. 3 and Supplement Table A.
Adverse events
Incidence of PONV was investigated in six trials (325
patients). The pooled results provided high-quality evi-
dence that PONV is less likely to occur in the IMM
group compared with control (RR=0¢43, 95% CI 0¢26 to
0¢71; I2=0%). However, low-quality evidence suggested
that there is no significant difference in the incidence of
intraoperative hypotension (RR=1¢53, 95% CI 0¢98 to 2¢39;
I2=0), or intraoperative bradycardia between IIM and
control group (RR=1¢10, 95% CI 0¢28 to 4¢32; I2=21%), for
details see Figure. 4 and Supplement Table A.
Sensitivity analysis
Sensitivity analysis for most outcomes yielded the
similar pooled results compared to the original val-
ues, indicating the robustness of the results (Supple-
ment Fig. A-I). However, we should note that the
only exception is that the sensitivity analysis of time
to follow commands, in which the pooled difference
was highlighted by omitting the value by Martin
et al.,30 which means that the heterogeneity might
be largely caused by the single trial.
Discussion
Magnesium blocks calcium influx and antagonizes
NMDA receptor channels, which prompted the
www.thelancet.com Vol 43 Month January, 2022



Figure 3. Pooled estimates for anesthetic recovery time in: (a) extubation time; (b) time to follow command; and (c) orientation time
of magnesium vs. control. The blue square shape represents the study weight for each trial (the mid-point of the box represents
mean effect estimate), while the red diamond shape represents the pooled effect estimate (the length of the diamond on the x-axis
symbolizes the confidence interval of the pooled result).

Articles
investigation of magnesium as an adjuvant agent for
anesthesia-analgesia.31 The results of the present sys-
tematic review and meta-analysis provided low- to mod-
erate-quality evidence that IIM reduces the
intraoperative remifentanil requirements and morphine
consumption at 24 h. High-quality evidence suggested
that IIM is protective of PONV, while moderate-quality
evidence suggested that IIM is correlated with longer
recovery orientation time. Low-quality evidence showed
that no significant difference on perioperative of hypo-
tension or bradycardia was noticed between IIM and
placebo. Moreover, the impact of IIM on pain relief at
24 h postoperatively, extubation time, or time to follow
commands remains uncertain due to the very-low-qual-
ity of evidence. To our knowledge, this is the first sys-
tematic review to have invested the impact of IIM on
spine surgery and conducted a meta-analysis of RCTs.

Several systematic reviews have examined the effec-
tiveness of IIM on peri-operative analgesia; however,
previous reviews included trials of various specialties of
www.thelancet.com Vol 43 Month January, 2022
surgery, which may lead to considerable heterogeneity
(see Table 3). This review provided moderate-quality evi-
dence that, after spine surgery, IIM reduces morphine
consumption at 24 h compared with control, which is
in line with most previous reviews, and this effect there-
fore should be considered as robust evidence.7,8,32−36

Our results also suggested that, similar to pooled out-
comes of previous reviews, IIM fails to show clinically
better effects for pain relief at 24 h postoperatively.7,32

However, the effect on pain relief is considered to be of
very-low quality and we believe that additional studies
are surely necessary. For postsurgical analgesia in even
shorter term (< 24 h), most included trials in our study
yielded negative results,12,25,26,30 except for the RCT by
Dehkordy et al. in which the pain-reliving effect at both
6 and 12 h favored magnesium group after posterior
lumbar fusion.27 Besides, according to previous studies,
intraoperative administration of magnesium as a sup-
plement of anesthetics was found to be helpful in reduc-
ing the requirement for other components of
9



Figure 4. Pooled estimates for adverse events in: (a) postoperative nausea and vomiting; (b) hypotension; and (C) bradycardia of
magnesium vs. control. The blue square shape represents the study weight for each trial (the mid-point of the box represents mean
effect estimate), while the red diamond shape represents the pooled effect estimate (the length of the diamond on the x-axis sym-
bolizes the confidence interval of the pooled result).
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anesthetics (e.g., fentanyl, propofol or vecuronium), and
this effect was validated in our study as low-quality evi-
dence suggested that IIM reduced intraoperative remi-
fentanil consumption, compared with placebo
treatment.37,38

The drug-related adverse events after general anes-
thesia include PONV, bradycardia, hypotension, shiver-
ing, etc.39,40 Here, qualified evidence highlighted that
the proportion of patients who experienced PONV was
significantly smaller in the magnesium group com-
pared with placebo. This confirms Peng et al.’s findings
that magnesium group had less post-surgical postopera-
tive nausea (RR: 0¢32, 95% CI: 0¢12 to 0¢82) and vomit-
ing (RR: 0¢38, 95% CI: 0¢15 to 0¢92), and therefore the
effect of reducing PONV should also be considered as
reliable.6 Contrary to previous systematic reviews, we
did not observe the effect of reducing bradycardia on
the pooled result,34 although 2/3 of the included trials
indicated such beneficial effect (Figure. 4C).27,29,41

Besides, previous systematic reviews have reported the
protective effect of intravenous administration of mag-
nesium on postoperative shivering,6,8,33,35,42 which
could not be validated in our study due to insufficient
data. Furthermore, we should note that the reduced
remifentanil dosage may pose protective effects on
opioids-related side-effects,21 which could cause a con-
founding bias to the results; however, the effect of remi-
fentanil dosage change on opioids-related side-effects
could not be determined or ruled out here study due to
heterogeneity among included studies (Figure. 5).
www.thelancet.com Vol 43 Month January, 2022



Author, year Number of
included trials
and participants

Type of surgeries Analgesic outcomes (Magnesium vs. control) Other outcomes (Magnesium
vs. control)

Quality of evidence
of pooled outcomes

Albrecht et al.34 25 RCTs, 1461

participants

Urological surgery, thoracic surgery,

abdominal surgery, cardiac sur-

gery, spinal surgery, gynecological

surgery and lower extremity

surgery

(1) analgesic consumption at 24 h postoperatively (WMD: �7¢6 mg,

95% CI �9¢5 to �5¢8);
(2) pain intensity (100-point scale): at 24 h postoperatively at rest

(WMD: �4¢2, 95% CI �6¢3 to �2¢1); and on movement (WMD:

�9¢2, 95% CI �6¢3 to �2¢1)

(1) bradycardia: (RR: 1¢76, 95% CI

1¢01 to 3¢07)
(2) hypotension: (RR: 1¢49,
95% CI 0¢88 to 2¢52)

−

Chen et al.32 4 RCTs, 263

participants

Laparoscopic cholecystectomy (1) analgesic consumption postoperatively (SMD: �0¢40, 95% CI

�0¢73 to �0¢07);
(2) pain intensity: at 2 h postoperatively (SMD: �0¢45, 95% CI

�0¢88 to �0¢02); at 8 h postoperatively (SMD: �0¢62, 95% CI

�0¢95 to �0¢28); and at 24 h postoperatively (SMD: �0¢38, 95% CI

�0¢79 to 0¢02)

− −

De Oliveira et al.35 20 RCTs, 1257

participants

Thyroidectomy, abdominal surgery,

cardiac surgery, spinal surgery,

thoracic surgery, pelvic surgery,

nasal surgery, lower extremity

surgery

(1) analgesic consumption at 24 h postoperatively (WMD:

�10¢52 mg, 99% CI �13¢50 to �7¢54);
(2) pain intensity: at 4 h at rest postoperatively (WMD: �0¢74, 99%
CI �1¢08 to �0¢48); at 24 h at rest (WMD: �0¢36, 99% CI �0¢63 to

�0¢09); and at 24 h on movement (WMD: �0¢73, 99% CI �1¢37 to

�0¢10).

(1) PONV: (OR: 1¢00, 95% CI 0¢64
to 1¢56);
(2) postoperative shivering

(OR: 0¢36, 95% CI 0¢14 to 0¢95).

−

Guo et al.36 27 RCTs, 1504

participants

Gastrointestinal surgery, orthopedic

surgery, cardiac surgery, gyneco-

logical surgery, other surgeries

(1) analgesic consumption postoperatively (SMD: �1¢72, 95% CI

�3¢21 to �0¢23);
(2) pain intensity at rest (SMD: �1¢43, 95% CI �2¢74 to �0¢12).

Extubation time (WMD:

�29¢34 min, 95% CI �35¢74 to

�22¢94).

−

Lysakowski et al.8 14 RCTs, 778

participants

Cardiac surgery, abdominal surgery,

orthopedic surgery

(1) analgesic consumption postoperatively was significantly reduced

in eight (57%) trials, were no different from placebo in five trials

(36%), and were increased in one trial (7%)

(2) pain intensity was significantly decreased in four (29%) trials,

was no different from placebo in seven trials (50%), and was

increased in one trial (7%).

(1) postoperative shivering (RR:

0¢38, 95% CI 0¢17 to 0¢88);
(2) postoperative nausea: (RR:

1¢30, 95% CI 0¢88 to 1¢93);
(3) postoperative vomiting:

(RR: 0¢82, 95% CI 0¢49 to 1¢37);
(4) hypotension: (RR: 1¢43,
95% CI 0¢82 to 2¢74);
(5) bradycardia: (RR: 1¢64, 95%
CI 0¢90 to 2¢98).

−

Murphy et al.7 22 RCTs, 1177

participants

Abdominal surgery, spinal surgery,

thoracic surgery, pelvic surgery,

lower extremity surgery, multiple

surgery

(1) analgesic consumption postoperatively (WMD: �7¢40 mg, 95% CI

�9¢40 to �5¢41);
(2) pain intensity: at 4 h postoperatively (WMD: �0¢67, 95% CI

�1¢12 to �0¢23); and at 24 h postoperatively (WMD: �0¢25, 95%
CI �0¢62 to 0¢71).

PONV: (RR: 0¢76, 95% CI 0¢52 to

1¢09)
−
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Author, year Number of
included trials
and participants

Type of surgeries Analgesic outcomes (Magnesium vs. control) Other outcomes (Magnesium
vs. control)

Quality of evidence
of pooled outcomes

Ng et al.33 51RCTs, 3311

participants

Mastectomy, thyroidectomy, abdom-

inal surgery, spinal surgery, tho-

racic surgery, pelvic surgery, lower

extremity surgery, multiple surgery

(1) analgesic consumption postoperatively (WMD: �5¢60 mg, 95% CI

�7¢54 to �3¢36);
(2) pain intensity at 24 h postoperatively (MD: �0¢30, 95% CI

�0¢69 to 0¢09).

(1) postoperative shivering (OR:

0¢26, 95% CI 0¢15 to 0¢44);
(2) bradycardia: (OR: 1¢13, 95%
CI 0¢43 to 2¢98);
(3) PONV:

(OR: 0¢90, 95% CI 0¢67 to 1¢22).

Analgesic consumption:

low-quality;

Pain scores at 24 h

postoperatively: low-

quality;

Postoperative shiver-

ing: very-low-quality;

Bradycardia: very-low-

quality;

PONV: moderate-

quality.

Peng et al.6 11RCTs, 535

participants

Spinal surgery, lower extremity sur-

gery, arthroplasty, arthroscopic

surgery

(1) reduced analgesic consumption postoperatively in 8 trials (73%),

and without significant difference in 2 trials (18%);

(2) reduced postoperative pain intensity compared with control in

6 trials (55%), but without significant difference in 5 trials (45%)

(1) postoperative nausea:

(RR: 0¢32, 95% CI 0¢12 to 0¢82);
(2) postoperative vomiting:

(RR: 0¢38, 95% CI 0¢15 to 0¢92);
(3) shivering:

(RR: 0¢31, 95% CI 0¢11 to 0¢88)

−

Table 3: Summary of previous systematic reviews and meta-analysis of intraoperative intravenous magnesium.
Abbreviations: CI=confidence interval, MD=median difference, OR=odds ratio, PONV=postoperative nausea and vomiting, RCT=randomized controlled trial, RR=risk ratio, SMD=standard mean difference, WMD=weighted mean

difference.
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Figure 5. Risk of bias assessment of included studies using the Cochrane Back and Neck (CBN) Group risk of bias tools.15

Articles
Noteworthily, despite its merits, clinician should
keep in mind that administration of magnesium may
result in depression of central nervous system.43 Our
study provided moderate-quality evidence that IIM sig-
nificantly prolongs the early anesthetic orientation time,
which is consistent of Rodr�ıguez-Rubio et al.’s system-
atic review in which the recovery index was higher the
placebo group comparing with magnesium group
(SMD: 1¢42, 95% CI: 0¢41 to 2¢43).44 However, differen-
ces in dose and onset of magnesium administration
made it hard to determine the safety threshold for IIM
administration, and we suggest clinicians being conser-
vative about the administration as well as dosage of IIM
on spine surgery until optimal strategy has been proved,
especially for patients with renal insufficiency. Com-
mon countermeasures of magnesium toxicity include
intravenous administration of calcium gluconate and, if
required, hemodialysis, ventilatory and/or circulatory
support.45

There are several limitations in the current study.
Firstly, the pooled outcomes of our study were based
on limited studies, which hampered the planned
subgroup analysis, meta-regression and assessment
of publication bias, and consequently reduced the
reliability of the results. Then, differences in dose
and onset of magnesium administration, as well as
choice of surgical population caused heterogeneity in
effect estimates and limited generalizability of the
evidence. Furthermore, we could not extract the
long-term follow-up data as most included studies
www.thelancet.com Vol 43 Month January, 2022
only investigated the peri-operative impact of magne-
sium.

On a final note, based on the current evidence, IIM as
adjuvant analgesics showed overall beneficial effects on
spine surgery in terms of reducing analgesics and PONV.
Despite these merits, clinicians should keep in mind that
IIM may cause delayed anesthetic recovery. Future studies
should be composed of large sample size, well-defined sub-
groups and long follow-up to validate our results.
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