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ABSTRACT

Background: Systemic magnesium has been used to mini-
mize postoperative pain with conflicting results by clinical 
studies. It remains unknown whether the administration of 
perioperative systemic magnesium can minimize postopera-
tive pain. The objective of the current investigation was to 
evaluate the effect of systemic magnesium on postoperative 
pain outcomes.
Methods: A wide search was performed to identify random-
ized controlled trials that evaluated the effects of systemic 
magnesium on postoperative pain outcomes in surgical pro-
cedures performed under general anesthesia. Meta-analysis 
was performed using a random-effect model. Publication 
bias was evaluated by examining the presence of asymmetric 
funnel plots using Egger regression.
Results: Twenty randomized clinical trials with 1,257 sub-
jects were included. The weighted mean difference (99% 

CI) of the combined effects favored magnesium over control 
for pain at rest (≤4 h, −0.74 [−1.08 to −0.48]; 24 h, −0.36 
[−0.63 to −0.09]) and with movement at 24 h, −0.73 (−1.37 
to −0.1). Opioid consumption was largely decreased in the 
systemic magnesium group compared with control, weighted 
mean difference (99% CI) of −10.52 (−13.50 to −7.54) mg 
morphine IV equivalents. Publication bias was not present 
in any of the analysis. Significant heterogeneity was present 
in some analysis, but it could be partially explained by the 
sole intraoperative administration of magnesium compared 
with the intraoperative and postoperative administration. 
None of the studies reported clinical toxicity related to toxic 
serum levels of magnesium.

What We Already Know about This Topic

•	 IV magnesium can be used to treat several conditions in the 
perioperative period

•	 One frequently studied use of magnesium is as an analgesic 
adjunct for postoperative pain relief

What This Article Tells Us That Is New

•	 In this meta-analysis of data from more than 1,200 patients, 
systemically administered magnesium decreased postopera-
tive pain a small, statistically significant amount; a reduction in 
morphine use was clearly evident

•	 The reduction in both pain and morphine use indicates 	
magnesium has some utility as an analgesic adjunct after 	
surgery

◆  �This article is accompanied by an Editorial View. Please see: 
Naidu R, Flood P: Magnesium: Is there a signal in the noise? 
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ABSTRACT
The use of ultrasound guidance has provided an opportunity to

perform many peripheral nerve blocks that would have been difficult
to perform in children based on pure landmark techniques due to the
potential for injection into contiguous sensitive vascular areas. This
review article provides the readers with techniques on ultrasound-
guided peripheral nerve blocks of the extremities and trunk with
currently available literature to substantiate the available evidence for
the use of these techniques. Ultrasound images of the blocks with
corresponding line diagrams to demonstrate the placement of the
ultrasound probe have been provided for all the relevant nerve blocks
in children. The authors hope that this review will stimulate further
research into ultrasound-guided regional anesthesia in infants, chil-
dren, and adolescents and stimulate more randomized controlled
trials to provide a greater understanding of the anatomy and physi-
ology of regional anesthesia in pediatrics.

ONE of the most exciting recent advances in technology in
pediatric regional anesthesia has been the introduction of

anatomically based ultrasound imaging for facilitating nerve lo-
calization. This is because regional anesthesia techniques in chil-
dren have been considered challenging due to (1) target neural
structures that often course very close to critical structures (e.g.,
nerves of the brachial plexus run close to the pleura as they
traverse the supraclavicular region), and particularly during cen-
tral neuraxial blocks where the safety margin is narrow for needle
placement particularly close to the spinal cord, (2) the prerequi-
site for sedation or general anesthesia masking potential warning
signs (paresthesia), and (3) the need for limiting the volume of
local anesthetic solution below toxic levels. With the possibility
of visualizing the target structures, ultrasound technology may
encourage many anesthesiologists who had previously aban-
doned regional techniques to resume or increase their use of
regional anesthesia in children.

Although literature evaluating the evidence for success
and safety of ultrasound in regional anesthesia has begun to
emerge, a comprehensive narrative review of the literature
pertaining to techniques described and outcomes evaluating
ultrasound guidance in pediatric regional anesthesia was not
available at the time of writing this article. This review aims
to provide the pediatric anesthesiologist with an overall sum-
mary of the techniques used and of the outcomes found
(based on controlled or comparative studies) as described in
the literature on ultrasound guidance of peripheral nerve
blocks of the extremities and trunk in pediatrics. A compan-
ion article with similar objectives related to neuraxial blocks
will be published in the next issue of ANESTHESIOLOGY.1 In
addition to case series and clinical studies, descriptions from
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Conclusion: Systemic administration of perioperative mag-
nesium reduces postoperative pain and opioid consumption. 
Magnesium administration should be considered as a strat-
egy to mitigate postoperative pain in surgical patients.

M AGNESIUM is the second most common intracel-
lular ion with an important role to maintain organ-

isms’ homeostasis. Magnesium is a crucial element for the 
function of enzymes, neurotransmission, and cell signaling.1 
Animal studies demonstrated that magnesium is an antago-
nist of N-methyl-d-aspartate glutamate receptors, which can 
alter the perception and duration of pain.2 Since dietary 
intake is the main source of magnesium in humans, unpre-
dictable operating room schedules along with dietary restric-
tions before surgical procedures are common contributors 
for the occurrence of hypomagnesaemia during the periop-
erative period.3 Perioperative administration of fluids with-
out magnesium supplementation can also contribute to the 
occurrence of hypomagnesaemia.3

Magnesium has been used for many years in an attempt 
to minimize postoperative pain. In 1963, Anstett4 reported 
on the effect of magnesium chelates on painful postoperative 
pulmonary scars. Magnesium has been examined via differ-
ent routes of administration (systemic, topical, intrathecal, 
and epidural) by several investigators for the prevention of 
postoperative pain.5 Among the routes of administration, the 
systemic route is the most studied and likely to have a greater 
level of therapeutic adherence by perioperative clinicians.

A large number of clinical studies have examined the 
effect of systemic perioperative magnesium administration 
on postoperative pain outcomes with contradictory findings. 
In addition, a previous systematic review performed in 2007 
that examined 14 randomized clinical trials on 778 patients 
did not detect an effect of systemic magnesium adminis-
tration on the reduction of postoperative pain outcomes.6 
However, the investigators noted the need for more stud-
ies due to the inexpensive and promising biological basis for 
magnesium antinociceptive effects.6 Currently, perioperative 
magnesium is not considered a useful adjunct to minimize 
postoperative pain.7

The major objective of this quantitative systematic review 
was to evaluate the effect of perioperative systemic magnesium 
on acute pain management outcomes. A secondary objective 
was to examine possible side effects and toxicity associated 
with the administration of perioperative magnesium.

Material and Methods
We performed a quantitative systematic review following the 
guidelines of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses statement.8

Systematic Search
Published reports of randomized trials evaluating the effects 
of systemic magnesium on surgical postoperative pain were 

searched using the National Library of Medicine’s PubMed 
database, the Cochrane Database of Systematic Reviews, 
and Google Scholar inclusive till June 1, 2012. Free text 
and MeSH terms “magnesium”, “pain”, “postoperative”, 
“preoperative”, “analgesia”, and “opioid” were used individu-
ally and in various combinations. No language restriction 
was used. The search was limited to randomized controlled 
clinical trials in human subjects more than 18 yr of age. An 
attempt to identify additional studies not found by the pri-
mary search methods was made by reviewing the reference 
lists from identified studies. No search was performed for 
unpublished studies. This initial search yielded 84 random-
ized clinical trials.

Selection of Included Studies
The study’s inclusion and exclusion criteria were determined 
before the systematic search. Two authors (Drs. De Oliveira 
and Castro-Alves) independently evaluated the abstract 
and results of the 84 articles obtained by the initial search. 
Articles that were clearly not relevant based on our inclusion 
and exclusion criteria were excluded at this phase. Disagree-
ments on inclusion of the articles were resolved by discussion 
among the evaluators. If an agreement could not be reached, 
the dispute was resolved with the help of a third investigator 
(Khan). The third investigator was blinded regarding evalua-
tion of the first two authors.

Inclusion and Exclusion Criteria
We included randomized controlled trials that compared 
perioperative IV magnesium administration with an inactive 
(placebo or “no treatment”) control group in patients under-
going surgical procedures under general anesthesia. Trials 
reporting analgesia after neuraxial or nerve administration of 
magnesium were excluded. Trials that evaluated the effect of 
magnesium in patients undergoing procedure with a neur-
axial or nerve block were excluded to optimize clinical homo-
geneity. Trials that did not use magnesium intraoperatively 
were also excluded in order to improve clinical homogeneity. 
Studies containing a concurrent use of an alternative multi-
modal analgesia regimen were excluded if a direct comparison 
of magnesium and control could not be established. Included 
studies had to report at least on pain scores or opioid con-
sumption as postoperative pain outcomes. No minimum 
sample size was required for inclusion in the meta-analysis.

Validity Scoring
Two authors (Drs. De Oliveira and Castro-Alves) 
independently read the included reports and assessed their 
methodological validity, using a modified Jadad 5-point 
quality scale.9 The scale evaluates the study for the following: 
randomization, double-blind evaluation, concealment of 
study group to evaluator, valid randomization method, 
and completeness of data at follow-up. Discrepancies in 
rating of the trials were resolved by discussion among the 
evaluators. If an agreement could not be reached, the dispute 
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was resolved with the help of a third investigator (Khan). 
As only randomized trials were included in the analysis, the 
minimum possible score of an included trial was 1 and the 
maximum was 5. Trials were not excluded or weighted in the 
analysis based on quality assessment scores.

Data Extraction
Two authors (Drs. De Oliveira and Castro-Alves) inde-
pendently evaluated the articles of all included trials and 
performed data extraction using a data collection form spe-
cifically developed for this review.

Discrepancies were resolved by discussion between the 
two investigators (Drs. De Oliveira and Castro-Alves). If an 
agreement could not be reached between the two investiga-
tors, the decision was made by a third investigator (Khan). 
Data extracted from trials included the mean systemic mag-
nesium dose and duration of administration, sample size, 
number of subjects in treatment groups, follow-up period, 
type of surgery, early pain scores (≤4 h) at rest and at move-
ment, late pain scores (24 h) at rest and at movement, 
cumulative opioid consumption, time to rescue analgesic 
administration (minutes), and adverse events. Postoperative 
opioid consumption was converted to the equivalent dosage 
of IV morphine.10 Visual analog scale or numeric rating scale 
of pain were converted to a 0–10 numeric rating scale.

Data were initially extracted from tables or text. For data 
not available in tables, the data was abstracted from avail-
able figures. Dichotomous data on the presence or absence 
of adverse effects was extracted and converted to incidence, 
whereas continuous data were recorded using mean and SD. 
Data presented only as median and range were converted 
to means and SD, using previously described methodol-
ogy.11 In studies that involved more than one dosage group 
comparison with a single control group, the control group 
was split according to the number of comparisons. When 
required, the SD for pain scores was estimated using the 
most extreme values. The most conservative value was used 
when the same outcome was reported more than once for a 
determined period.

Definition of Relevant Outcome Data
Primary Outcomes. Early acute postoperative pain scores 
(visual analog scale or numeric rating scale) at rest and at 
movement (0–4 h postoperatively); late acute postoperative 
pain scores (visual analog scale or numeric rating scale) at 
rest and at movement (24 h postoperatively); and cumulative 
opioid consumption (24 h) in the postoperative period.
Secondary Outcomes. The time to first analgesic adminis-
tration (minutes); adverse events including, postoperative 
bradycardia, hypotension, nausea and/or vomiting, and 
shivering.

Meta-analyses
The weighted mean differences with 99% CI were deter-
mined and reported for continuous data. For dichotomous 

data (adverse effects), the Peto odds ratio (OR; to account 
for the potential of zero counts in the cells for low-frequency 
outcomes) and 99% CI are reported. For primary outcomes, 
a significant effect compared with placebo required that the 
99% CI for continuous data did not include zero, and for 
dichotomous secondary data, the 95% CI did not include 
1.0. We calculated the number needed to treat, based on 
the absolute risk reduction, as an estimate of a beneficial 
effect. Because of the different surgical procedures, we used 
a random-effect model in an attempt to generalize our find-
ings to studies not included in our meta-analysis.12 Pub-
lication bias was evaluated by examining for asymmetric 
funnel plots, using Egger regression test.13,14 A one-sided P 
value less than 0.05 was considered as an indication of an 
asymmetric funnel plot. A file drawer analysis described by 
Rosenthal was performed in the case of an asymmetric fun-
nel plot. The test estimates the lowest number of additional 
studies required to change the combined effect to nonsig-
nificance assuming the average z-value of the combined 
P values of these missing studies would be 0.15 Sensitivity 
analysis was performed to assess the impact of the elimina-
tion of a single trial on the results of the analysis.

Heterogeneity of the included studies was further evalu-
ated if the I2 statistic was greater than 50%. The I2 statistic is a 
test of heterogeneity, which measures the variability between 
studies included in a quantitative analysis in respect to an 
evaluated outcome. I2 values range between 0 and 100%, 
where 0 represents perfect homogeneity among included 
studies, and 100% represents the highest degree of hetero-
geneity. Further analysis was planned a priori to explore 
nontrivial heterogeneity of the treatment effect across the 
included studies, including duration of magnesium adminis-
tration (intraoperative only vs. intraoperative and postopera-
tive) and quality of included studies evaluated by the Jadad 
score. Subgroup analysis was performed to investigate the 
effect of duration of magnesium infusion (intraoperative only 
vs. intraoperative and postoperative) on the pain outcomes. 
Subgroup analysis was also performed to test whether the 
overall effect of magnesium on evaluated outcomes changed 
when lower quality studies (Jadad ≤3) were removed from 
the analysis. The proportion of the total variance explained 
by the covariates (R2) was calculated by dividing the random-
effects pooled estimates of variance (τ squared) within studies 
by the total variance (total τ squared). The value obtained 
was then subtracted from 1. When values fall outside the 
range of 0–100%, they were set to the closest value (0 or 
100%.). A post hoc meta-regression analysis was performed 
to evaluate a possible association between total magnesium 
dosage and the effect size on evaluated outcomes. Because 
we prespecified five primary outcomes (2 pain states at two 
times each, plus opioids), we utilized a P value less than 0.01 
to minimize the chance of type I error.

Analysis was performed using Stata version 11 (College 
Station, TX) and Comprehensive Meta-analysis software 
version 2 (Biostat, Englewood, NJ).
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Results
Of the 84 initially evaluated abstracts, 34 studies initially 
met the inclusion criteria (fig.  1). Fourteen studies were 
subsequently excluded, five did not report on evaluated out-
comes,16–20 one did not used magnesium intraoperatively,21 
two trials did not provide a direct comparison between mag-
nesium and control,22,23 four did not evaluate the systemic 
route of magnesium administration,24–27 and two trials eval-
uated patients receiving neuraxial anesthesia and/or analge-
sia.28,29 The characteristics of included studies are listed in 
table 1. The evaluated trials included data from 1,257 sub-
jects and were published between 1996 and 2011.30–49 The 
median and interquartile range number of patients in the 
included studies receiving magnesium was 25 (17.5–35). The 
median and interquartile range modified Jadad scale score 
was 4 (3–4.5). The trials tested systemic magnesium given 
either intraoperatively, or intraoperatively/postoperatively in 
a large variety of surgical procedures. All 20 studies reported 
on opioid consumption and/or pain scores. Six studies 
reported pain scores for both rest and activity.32–34,37,39,45

Early (0–4 h) Pain at Rest
The aggregate effect of the 18 studies evaluating the effect 
of systemic magnesium on early pain at rest favored mag-
nesium over control with a weighted mean difference (99% 
CI) of −0.74 (−1.08 to −0.48; fig. 2).30–41,43,45–49 One study 
provided two comparisons and both were included in the 
analysis.39 There was no evidence of publication bias as 
given by the test for an asymmetric funnel plot (P = 0.40; 

fig. 3). Heterogeneity was high (I2 = 87). Seventy-seven per-
cent of the total variance was explained by studies which did 
not use systemic magnesium postoperatively. Heterogene-
ity was low for studies that used systemic magnesium both 
intraoperatively and postoperatively (I2 = 32%) and high 
for studies that used systemic magnesium intraoperatively 
only (I2 = 91%). The aggregated effect for studies that used 
systemic magnesium both intraoperatively and postopera-
tively on early pain at rest was greater than studies that used 
magnesium only intraoperatively, weighted mean difference 
(99% CI) of −0.74 (−0.85 to −0.64) and −0.34 (−0.62 to 
−0.05), respectively (P = 0.001). A meta-regression analysis 
did not identify an association between the total magne-
sium dosage administered and an effect on early pain at rest 
(slope [95% CI] = 0.01 [−0.95 to 0.07]; P = 0.73 compared 
with slope = 0.) Removal of lower quality studies (Jadad 
≤3) did not significantly change the effect of magnesium 
on early pain at rest, weighted mean difference (99% CI) of 
−0.77 (−1.06 to −0.48) compared with the original analysis 
(P = 0.93).

Early (0–4 h) Pain at Movement
The overall effect of six studies32–34,37,39,45 evaluating systemic 
magnesium on early pain at movement compared with con-
trol, did not show a significant benefit of magnesium, mean 
difference (99% CI) of −0.52 (−1.15 to 0.10; fig. 4). One 
study provided two comparisons and both were included 
in the analysis.39 The funnel did not demonstrate asymme-
try (P = 0.35; fig. 5). Heterogeneity was moderate (I2 = 57) 
and it could not be explained by duration of the systemic 
magnesium infusion. Sensitivity analysis demonstrated that 
removal of the study of Saadawy et al.32 or Mentes et al.34 
would significantly change the results. Removal of lower 
quality studies (Jadad ≤3) did not significantly change the 
effect of magnesium on postoperative opioid consumption, 
weighted mean difference (99% CI) of −0.2 (−0.8 to 0.32) 
compared with the original analysis.

Late (24 h) Pain at Rest
The overall effect of 13 studies30–34,36–38,41,43,45,46,48 
evaluating systemic magnesium on late pain at rest 
compared with control favored magnesium with a mean 
difference (99% CI) of −0.36 (−0.63 to −0.09; fig. 6). The 
funnel did not demonstrate asymmetry (P = 0.40; fig. 7). 
Heterogeneity was high (I2 = 71). Twenty-nine percent of 
the total variance could be explained by studies which only 
used systemic magnesium intraoperatively. The aggregated 
effect for studies that used systemic magnesium both 
intraoperatively and postoperatively on late pain at rest 
was significantly different when compared with control, 
weighted mean difference (99% CI) of −0.40 (−0.47 to 
−0.33). In contrast, the aggregated effect for studies that 
used magnesium only during the intraoperative period 
on late pain at rest was not significantly different than the 
control group, weighted mean difference (99% CI) of −0.22 

Fig. 1. Flow chart outlining retrieved, excluded, and evaluated 
randomized controlled trials. 
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(−0.58 to 0.13). The overall analysis did not significantly 
change by removing any of the included studies. A meta-
regression analysis did not identify an association between 
the total magnesium dosage administered and an effect on 
late pain at rest (slope [95% CI] = −0.04 [−0.08 to 0]; P = 
0.07 compared with slope = 0). Removal of lower quality 
studies (Jadad ≤3) did not significantly change the effect of 
magnesium on late pain at rest, weighted mean difference 
(99% CI) of −0.5 (−0.74 to −0.26) compared with the 
original analysis (P = 0.25).

Late Pain at Movement
The overall effect of five studies32–34,37,45 that examined the 
effect of systemic magnesium on late pain at movement 
compared with placebo favored systemic magnesium, mean 
difference (99% CI) of −0.73 (−1.37 to −0.1; fig. 8). The 
funnel did not demonstrate asymmetry (P = 0.42; fig. 9). 
Heterogeneity was high (I2 = 72) and it could not be 
explained by the time of systemic magnesium administra-
tion (intraoperatively only vs. intraoperatively and postop-
eratively). Sensitivity analysis demonstrated that removal 

Table 1.  Summary of Studies Included in Analysis Table 1.  (Continued)

Authors Procedures

Number  
Treatment/ 

Control Intervention Type of Anesthesia
Postoperative  
Analgesia

Modified 
Jadad  
Score (1–5)9

Method of Data 
Extraction

Song et al.30 Thyroidectomy 28/28 Magnesium sulfate 30-mg/kg bolus followed 
by 10 mg/kg intraoperative infusion

Thiopental/remifentanil/sevoflurane Fentanyl 1 μg/kg PRN 4 Table/text

Jaoua et al.31 Major abdominal surgery 20/20 Magnesium sulfate 50-mg/kg bolus followed 
by 10 mg kg−1 h−1 infusion over 24 h

Thiopental/fentanyl/isoflurane Morphine PCA 3 Table/text/figure

Saadawy et al.32 Laparoscopic cholecystectomy 40/40 Magnesium sulfate 50-mg/kg bolus followed 
by 25 mg kg−1 h−1 intraoperative infusion

Propofol/fentanyl/sevoflurane Morphine PCA 5 Table/text/figure

Amor et al.33 Major abdominal surgery 24/24 Magnesium sulfate 50-mg/kg bolus followed 
by 0.5 g/h infusion over 6 h

Propofol/remifentanil/isoflurane Morphine PCA 5 Table/figure

Mentes et al.34 Laparoscopic hysterectomy 41/42 Magnesium sulfate 50-mg/kg intraoperative 
infusion

Propofol/fentanyl/sevoflurane/nitrous 
oxide

Tramadol PCA 3 Table/figure

Ferasatkish et al.35 Coronary artery bypass surgery 109/109 Magnesium sulfate infusion 32 m kg−1 h−1 
(Infusion duration was not specified)

Sulfentanil/isoflurane 0.1 mg/kg IV morphine PRN 4 Table/text

Oguzhan et al.36 Lumbar disc surgery 25/25 Magnesium sulfate 30-mg/kg bolus followed 
by 10 mg kg−1 h−1 intraoperative infusion

Propofol/remifentanil/sevoflurane/
nitrous oxide

Morphine PCA 5 Table/text/figure

Ryu et al.37 Total abdominal hysterectomy 25/25 Magnesium sulfate 50-mg/kg bolus followed 
by 15 mg kg−1 h−1 intraoperative infusion

Propofol/remifentanil Morphine PCA and ketorolac 30 mg PRN 4 Text/figure

Ozcan et al.38 Thoracotomy 12/12 Magnesium sulfate 30-mg/kg bolus followed 
by 10 mg kg−1 h−1 infusion over 48 h

Propofol/fentanyl Morphine PCA and tenoxicam 20 mg IV 
PRN

3 Table/text/figure

Tramèr et al.39 Inguinal hernia repair and vari-
cose veins

41/39 41/60 Magnesium sulfate 4 g intraoperative infusion Propofol/fentanyl/isoflurane/nitrous 
oxide

Dextropropoxyphene hydrochloride 
32.5 mg/acetaminophen 325 mg orally 
PRN

4 Table/text

Cizmeci et al.40 Nasal surgery 30/30 Magnesium sulfate 50-mg/kg bolus followed 
by 8 mg kg−1 h−1 intraoperative infusion

Propofol/remifentanil Meperidine 1 mg/kg intramuscular PRN 5 Text/figure

Tauzin-Fin et al.41 Prostatectomy 15/15 Magnesium sulfate 50 mg/kg bolus after 
induction and before skin closure

Propofol/sufentanil/sevoflurane Tramadol PCA and Paracetamol 1 g IV 
PRN

4 Table/text/figure

Seyhan et al.42 Total abdominal hysterectomy 60/20 Magnesium sulfate 40-mg/kg bolus followed 
by no infusion, 10 mg/kg or 20 mg/kg infu-
sion for 4 h

Propofol/fentanyl/nitrous oxide Morphine PCA 4 Table/text

Bhatia et al.43 Open cholecystectomy 25/25 Magnesium sulfate 50-mg/kg bolus followed 
by 15 mg kg−1 h−1 intraoperative infusion

Thiopental/morphine/halothane/
nitrous oxide

Morphine IV PRN 3 Table/text/figure

Levaux et al.44 Spine surgery 12/12 Magnesium sulfate 50-mg/kg bolus Propofol/remifentanil/sevoflurane/
nitrous oxide

Piritramide PCA 3 Table/figure

Kara et al.45 Abdominal hysterectomy 12/12 Magnesium sulfate 30-mg/kg bolus followed 
by 0.5 g/h infusion over 20 h

Thiopental/fentanyl/isoflurane/nitrous 
oxide

Morphine PCA 3 Table/text/figure

Zarauza et al.46 Colorectal surgery 23/24 Magnesium sulfate 30-mg/kg bolus followed 
by 10 mg kg−1 h−1 infusion over 20 h

Thiopental/fentanyl/isoflurane/nitrous 
oxide

Morphine PCA 3 Table/text/figure

Koinig et al.47 Knee arthroscopy 23/23 Magnesium sulfate 50-mg/kg bolus followed 
by 8 mg kg−1 h−1 intraoperative infusion

Propofol/fentanyl Fentanyl 0.5 μg/kg PRN 4 Table/figure

Wilder-Smith et al.48 Abdominal hysterectomy 12/12 Magnesium laevulinate 8-m bolus followed by 
8-m/h infusion over 5 h

Propofol/alfentanil/isoflurane Morphine PCA 3 Table/figure

Tramer et al.49 Abdominal hysterectomy 21/21 Magnesium sulfate 3 g-bolus followed by 
0.5 mg/kg infusion over 20 h

Thiopental/fentanyl/isoflurane/nitrous 
oxide

Morphine PCA 5 Text/figure

IV = intravenous; PCA = patient-controlled analgesia; PRN = as needed.
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of the study of Saadawy et al.32 or Mentes et al.34 would 
significantly change the results. Removal of lower quality 
studies (Jadad ≤3) did not significantly change the effect of 
magnesium on late pain at movement, weighted mean dif-
ference (99% CI) of −1.03 (−1.57 to −0.49) compared with 
the original analysis (P = 0.31).

Postoperative Opioid Consumption
The aggregated effect of 16 studies32–38,41–49 evaluating 
the effect of systemic magnesium on postoperative opioid 

consumption compared with control favored systemic mag-
nesium, weighted mean difference (99% CI) of −10.52 
(−13.50 to −7.54) mg morphine IV equivalents (fig.  10). 
One study provided three comparisons and they were 
included in the analysis.42 The funnel plot did not dem-
onstrate asymmetry (P = 0.11; fig.  11). Sensitivity analy-
sis did not change the effect when any of the studies were 
removed from aggregated effect. Heterogeneity was high (I2 
= 88%). Twenty-eight percent of the total variance could be 
explained by studies that used systemic magnesium during 

Table 1.  Summary of Studies Included in Analysis Table 1.  (Continued)

Authors Procedures

Number  
Treatment/ 

Control Intervention Type of Anesthesia
Postoperative  
Analgesia

Modified 
Jadad  
Score (1–5)9

Method of Data 
Extraction

Song et al.30 Thyroidectomy 28/28 Magnesium sulfate 30-mg/kg bolus followed 
by 10 mg/kg intraoperative infusion

Thiopental/remifentanil/sevoflurane Fentanyl 1 μg/kg PRN 4 Table/text

Jaoua et al.31 Major abdominal surgery 20/20 Magnesium sulfate 50-mg/kg bolus followed 
by 10 mg kg−1 h−1 infusion over 24 h

Thiopental/fentanyl/isoflurane Morphine PCA 3 Table/text/figure

Saadawy et al.32 Laparoscopic cholecystectomy 40/40 Magnesium sulfate 50-mg/kg bolus followed 
by 25 mg kg−1 h−1 intraoperative infusion

Propofol/fentanyl/sevoflurane Morphine PCA 5 Table/text/figure

Amor et al.33 Major abdominal surgery 24/24 Magnesium sulfate 50-mg/kg bolus followed 
by 0.5 g/h infusion over 6 h

Propofol/remifentanil/isoflurane Morphine PCA 5 Table/figure

Mentes et al.34 Laparoscopic hysterectomy 41/42 Magnesium sulfate 50-mg/kg intraoperative 
infusion

Propofol/fentanyl/sevoflurane/nitrous 
oxide

Tramadol PCA 3 Table/figure

Ferasatkish et al.35 Coronary artery bypass surgery 109/109 Magnesium sulfate infusion 32 m kg−1 h−1 
(Infusion duration was not specified)

Sulfentanil/isoflurane 0.1 mg/kg IV morphine PRN 4 Table/text

Oguzhan et al.36 Lumbar disc surgery 25/25 Magnesium sulfate 30-mg/kg bolus followed 
by 10 mg kg−1 h−1 intraoperative infusion

Propofol/remifentanil/sevoflurane/
nitrous oxide

Morphine PCA 5 Table/text/figure

Ryu et al.37 Total abdominal hysterectomy 25/25 Magnesium sulfate 50-mg/kg bolus followed 
by 15 mg kg−1 h−1 intraoperative infusion

Propofol/remifentanil Morphine PCA and ketorolac 30 mg PRN 4 Text/figure

Ozcan et al.38 Thoracotomy 12/12 Magnesium sulfate 30-mg/kg bolus followed 
by 10 mg kg−1 h−1 infusion over 48 h

Propofol/fentanyl Morphine PCA and tenoxicam 20 mg IV 
PRN

3 Table/text/figure

Tramèr et al.39 Inguinal hernia repair and vari-
cose veins

41/39 41/60 Magnesium sulfate 4 g intraoperative infusion Propofol/fentanyl/isoflurane/nitrous 
oxide

Dextropropoxyphene hydrochloride 
32.5 mg/acetaminophen 325 mg orally 
PRN

4 Table/text

Cizmeci et al.40 Nasal surgery 30/30 Magnesium sulfate 50-mg/kg bolus followed 
by 8 mg kg−1 h−1 intraoperative infusion

Propofol/remifentanil Meperidine 1 mg/kg intramuscular PRN 5 Text/figure

Tauzin-Fin et al.41 Prostatectomy 15/15 Magnesium sulfate 50 mg/kg bolus after 
induction and before skin closure

Propofol/sufentanil/sevoflurane Tramadol PCA and Paracetamol 1 g IV 
PRN

4 Table/text/figure

Seyhan et al.42 Total abdominal hysterectomy 60/20 Magnesium sulfate 40-mg/kg bolus followed 
by no infusion, 10 mg/kg or 20 mg/kg infu-
sion for 4 h

Propofol/fentanyl/nitrous oxide Morphine PCA 4 Table/text

Bhatia et al.43 Open cholecystectomy 25/25 Magnesium sulfate 50-mg/kg bolus followed 
by 15 mg kg−1 h−1 intraoperative infusion

Thiopental/morphine/halothane/
nitrous oxide

Morphine IV PRN 3 Table/text/figure

Levaux et al.44 Spine surgery 12/12 Magnesium sulfate 50-mg/kg bolus Propofol/remifentanil/sevoflurane/
nitrous oxide

Piritramide PCA 3 Table/figure

Kara et al.45 Abdominal hysterectomy 12/12 Magnesium sulfate 30-mg/kg bolus followed 
by 0.5 g/h infusion over 20 h

Thiopental/fentanyl/isoflurane/nitrous 
oxide

Morphine PCA 3 Table/text/figure

Zarauza et al.46 Colorectal surgery 23/24 Magnesium sulfate 30-mg/kg bolus followed 
by 10 mg kg−1 h−1 infusion over 20 h

Thiopental/fentanyl/isoflurane/nitrous 
oxide

Morphine PCA 3 Table/text/figure

Koinig et al.47 Knee arthroscopy 23/23 Magnesium sulfate 50-mg/kg bolus followed 
by 8 mg kg−1 h−1 intraoperative infusion

Propofol/fentanyl Fentanyl 0.5 μg/kg PRN 4 Table/figure

Wilder-Smith et al.48 Abdominal hysterectomy 12/12 Magnesium laevulinate 8-m bolus followed by 
8-m/h infusion over 5 h

Propofol/alfentanil/isoflurane Morphine PCA 3 Table/figure

Tramer et al.49 Abdominal hysterectomy 21/21 Magnesium sulfate 3 g-bolus followed by 
0.5 mg/kg infusion over 20 h

Thiopental/fentanyl/isoflurane/nitrous 
oxide

Morphine PCA 5 Text/figure

IV = intravenous; PCA = patient-controlled analgesia; PRN = as needed.
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the intraoperative period but not during the postoperative 
period. The aggregated effect for studies that used systemic 
magnesium both intraoperatively and postoperatively on 
postoperative opioid consumption was greater, than studies 
that used magnesium only intraoperatively, weighted mean 
difference (99% CI) of −11.1 (−12.6 to −9.6) and −7.81 
(−8.4 to −7.17), respectively (P < 0.001). A meta-regression 
analysis did not identify an association between the total 
magnesium dosage administered and an effect on postop-
erative opioid consumption (slope [95% CI] = 0.26 [−0.26 
to +0.78]; P = 0.30 compared with slope = 0). Removal of 
lower quality studies (Jadad ≤3) did not significantly change 
the effect of magnesium on postoperative opioid consump-
tion, weighted mean difference (99% CI) of −13.3 (−16.8 to 
−9.9) mg IV morphine compared with the original analysis 
(P = 0.35).

Time to First Analgesic Administration (Minutes)
Four studies evaluated the effects of systemic magnesium 
on time to analgesic administration.32,33,39,41 One study39 
provided data for two comparisons and both were included 
in the analysis. There was not a statistically significant pro-
longation on the time to analgesic requirement when the 
systemic magnesium group was compared with control, 
weighted mean difference (99% CI) of 4.4 (−6.9 to 15.9) 
min (fig. 12). All included studies that reported on time to 
first analgesic requirement had Jadad score ratings of more 
than 3.

Safety Analysis
Magnesium Toxicity. None of the included studies reported 
on clinical manifestations of magnesium toxicity related to 
high serum levels of magnesium.
Dizziness. Three studies reported on the incidence of 
postoperative dizziness.30,39,46 The aggregated effect did 
not suggest an effect of systemic magnesium on postop-
erative dizziness compared with placebo, OR (95% CI) 
of 1.04 (0.53–2.05). Heterogeneity was low (I2 = 0). The 
sample size included in this analysis had an 87% power 
to detect a 15% difference in the incidence of dizziness 
between the placebo and magnesium group using a two-
tailed α = 0.05.
Headache. Three studies reported on the incidence of post-
operative headache.30,39,46 The pooled effect did not suggest 
an effect of systemic magnesium on postoperative headache 
compared with placebo, OR (95% CI) of 0.94 (0.50–1.77). 
Heterogeneity was low (I2 = 9). The sample size included in 
this analysis had a 77% power to detect a 15% difference in 
the incidence of headache between the placebo and magne-
sium group, using a two-tailed α = 0.05. The incidence of 
headache was 22% in both groups.
Postoperative Nausea and/or Vomiting. Six studies 
reported on the incidence of postoperative nausea and /or 
vomiting.30,31,33,39,44,46 The aggregated effect did not suggest 
an effect of systemic magnesium on postoperative nausea 

and/or vomiting, OR (95% CI) of 1.00 (0.64–1.56). Het-
erogeneity was low (I2 = 0). The sample size included in 
this analysis had an 87% power to detect a 15% difference 
in the incidence of postoperative nausea and/or vomiting 
between the placebo and magnesium group, using a two 
tailed α = 0.05.
Postoperative Shivering. Three studies reported on the 
incidence of postoperative shivering.30,39,44 The combined 
effects showed a reduction on the incidence of postopera-
tive shivering in the magnesium group compared with 
control, OR (95% CI) of 0.36 (0.14–0.95), number need 
to treat (95% CI) = 12.0 (6.8–50). Heterogeneity was low 
(I2 = 0).
Cardiovascular Side Effects. Three studies reported on the 
incidence of perioperative bradycardia35 or hypotension.31,46 
None of the studies reported a statistically significant effect 
of magnesium on perioperative cardiovascular events.

Discussion
The important finding of the current study is the positive 
effect of systemic magnesium in the reduction of postopera-
tive pain. Systemic magnesium reduced both early and late 
pain at rest and late pain at movement. In addition, systemic 
magnesium had a large effect on the reduction of postopera-
tive opioid consumption compared with control. Systemic 
magnesium is not currently considered an effective inter-
vention to minimize postoperative pain, the findings of this 
analysis provide evidence that systemic magnesium can be 
an important adjunct to reduce acute postoperative pain in 
surgical patients undergoing general anesthesia.

The overall effect of magnesium on the reduction of 
postoperative opioid consumption was consistently large 
as represented by even a large effect at the lower limit of 
the 99% CI, −10.52 (−13.50 to −7.54) mg morphine IV 
equivalents. The effect on early pain at rest was smaller but 
clinically significant with a weighted mean difference (99% 
CI) of −0.74 (−1.08 to −0.48). In contrast, the effect of 
systemic magnesium on early pain at movement was not 
significant, weighted mean difference (99% CI) of −0.52 
(−1.15 to 0.10).

Another important finding of the current investigation 
was the detection of greater effects on postoperative pain 
management outcomes, when magnesium was adminis-
tered both during the intraoperative and postoperative 
period as compared with the sole intraoperative admin-
istration of the drug. Because of its observational nature, 
these analyses should only be considered as hypothesis 
generating for future investigations. Only a large random-
ized controlled trial can confirm or refute those results.

A previous systematic review performed by Lysakowski 
et al.6 did not detect a beneficial effect of systemic magne-
sium on postoperative pain outcomes. There may be several 
reasons responsible for the lack of observed effect by Lysa-
kowski’s analysis compared with the current analysis. First, 
the previous systematic review included a lower number of 
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clinical trials and a lower number of subjects (n = 778) when 
compared with the current one (n = 1,257). In addition, 
the aforementioned analysis evaluated patients undergoing 
different types of anesthesia, including neuraxial blocks, 
whereas we limited our study to patients undergoing gen-
eral anesthesia. We also limited our analysis to subjects older 
than 18 yr of age, whereas in the earlier analysis pediatric 
patients were included in the assessment of postoperative 
pain outcomes.6

Despite the very large effect of systemic magnesium on 
opioid sparing, it was somewhat surprising that magnesium 
did not decrease opioid-related side effects such as nausea 
and vomiting, despite an 87% power to detect a clinically 

significant 15% difference on the incidence of postoperative 
nausea and/or vomiting. Marret et al.50 have also shown that 
most opioid-related side effects are not reduced by opioid 
sparing effects of nonsteroidal antiinflammatory medica-
tions. In contrast, our group has demonstrated an inverse 
relationship between opioid consumption and postoperative 
quality of recovery in patients undergoing ambulatory sur-
gery.51,52 Only one study included in the analysis examined 
the effect of magnesium on subjects undergoing ambulatory 
surgery.39 Because more than 60% of surgical procedures 
performed in the United States are done in an ambulatory 
setting,53 more studies examining the effect of magnesium 
on postoperative pain in ambulatory patients are needed.

Besides the effect of magnesium on postoperative pain, 
we also detected an effect of systemic magnesium in reduc-
ing postoperative shivering. Postoperative shivering is a com-
mon outcome after anesthesia, which can result in significant 
morbidity to patients, including perioperative ischemia.54 A 
previous systematic review, which had postoperative shiver-
ing as a primary outcome, did not detect a significant effect 
of magnesium sulfate in the reduction of postoperative shiv-
ering.55 Because postoperative shivering was not the primary 
objective of our analysis, our findings need to be interpreted 
with caution and can only be considered as hypothesis gen-
erating observations.

We did not detect a significant effect of systemic magnesium 
on important adverse perioperative outcomes such as hypoten-
sion and/or bradycardia. The analysis was limited by the low 
number of studies reporting on these side effects. Our group 
has examined the effect of systemic magnesium on arrhythmias 
in higher risk patients undergoing coronary artery bypass graft-
ing.56 We have not detected an increase in adverse outcomes 

Fig. 2. Meta-analysis evaluating the effect of systemic magnesium on early pain scores (≤4 h) at rest compared with control. The 
overall effect of magnesium versus placebo was estimated with study as a random effect. Point estimate (99% CI) for overall 
effect was −0.74 (−1.08 to −0.48). Weighted mean difference for individual study represented by square on Forrest plot with 99% 
CI of the difference shown as solid line. Larger sized square and thicker 99% CI line denote larger sample size. The diamond 
represents the pooled estimate and uncertainty for the effects of systemic magnesium compared with control.

Fig. 3. Early pain at rest funnel plot assessing publication 
bias. Plotted is the standard error (SE) versus weighted dif-
ference in mean (Effect). Vertical line is the combined effect 
for early pain with diagonal lines representing the expected 
95% CI from the combined effect. Studies outside the funnel 
indicate heterogeneity. Eggers regression suggests absence 
of asymmetry (P = 0.40, one-sided).
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Fig. 4. Meta-analysis evaluating the effect of systemic magnesium on early pain scores (≤4 h) at movement compared with con-
trol. The overall effect of magnesium versus placebo was estimated with study as a random effect. Point estimate (99% CI) for 
overall effect was −0.52 (−1.15 to 0.10). Weighted mean difference for individual study represented by square on Forrest plot with 
99% CI of the difference shown as solid line. Larger sized square and thicker 99% CI line denote larger sample size. The diamond 
represents the pooled estimate and uncertainty for the effects of systemic magnesium compared to control.

Fig. 5. Early pain at movement funnel plot assessing publica-
tion bias. Plotted is the standard error (SE) versus weighted 
difference in mean (Effect). Vertical line is the combined effect 
for early pain with diagonal lines representing the expected 
95% CI from the combined effect. Studies outside the funnel 
indicate heterogeneity. Eggers regression suggests absence 
of asymmetry (P = 0.35, one-sided).

Fig. 6. Meta-analysis evaluating the effect of systemic magnesium on late pain scores (24 h) at rest compared with control. The 
overall effect of magnesium versus placebo was estimated with study as a random effect. Point estimate (99% CI) for overall 
effect was −0.36 (−0.63 to −0.09). Weighted mean difference for individual study represented by square on Forrest plot with 99% 
CI of the difference shown as solid line. Larger sized square and thicker 99% CI line denote larger sample size. The diamond 
represents the pooled estimate and uncertainty for the effects of systemic magnesium compared to control.

Fig. 7. Late pain at rest funnel plot assessing publication bias. 
Plotted is the standard error (SE) versus weighted difference 
in mean (Effect). Vertical line is the combined effect for early 
pain with diagonal lines representing the expected 95% CI 
from the combined effect. Studies outside the funnel indicate 
heterogeneity. Eggers regression suggests absence of asym-
metry (P = 0.40, one-sided).
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Fig. 8. Meta-analysis evaluating the effect of systemic magnesium on late pain scores (24 h) at movement compared with con-
trol. The overall effect of magnesium versus placebo was estimated with study as a random effect. Point estimate (99% CI) for 
overall effect was −0.73 (−1.37 to −0.1). Weighted mean difference for individual study represented by square on Forrest plot 
with 99% CI of the difference shown as solid line. Larger sized square and thicker 99% CI line denote larger sample size. The 
diamond represents the pooled estimate and uncertainty for the effects of systemic magnesium compared with control.

Fig. 9. Late pain at movement funnel plot assessing publica-
tion bias. Plotted is the standard error (SE) versus weighted 
difference in mean (Effect). Vertical line is the combined effect 
for early pain with diagonal lines representing the expected 
95% CI from the combined effect. Studies outside the funnel 
indicate heterogeneity. Eggers regression suggests absence 
of asymmetry (P = 0.42, one-sided).

Fig. 10. Meta-analysis evaluating the effect of systemic magnesium on postoperative opioid consumption compared with con-
trol. The overall effect of magnesium versus placebo was estimated with study as a random effect. Point estimate (99% CI) for 
overall effect was −10.52 (−13.50 to −7.54) mg morphine intravenous equivalents in favor of magnesium compared with control. 
Weighted mean difference for individual study represented by square on Forrest plot with 99% CI of the difference shown as 
solid line. Larger sized square and thicker 99% CI line denote larger sample size. The diamond represents the pooled estimate 
and uncertainty for the effects of systemic magnesium compared with control.

Fig. 11. Opioid consumption funnel plot assessing publica-
tion bias. Plotted is the standard error (SE) versus weighted 
difference in mean (Effect). Vertical line is the combined effect 
for early pain with diagonal lines representing the expected 
95% CI from the combined effect. Studies outside the funnel 
indicate heterogeneity. Eggers regression suggests absence 
of asymmetry (P = 0.11, one-sided).
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such as arrhythmias, myocardial infarction, and stroke in 
patients receiving systemic magnesium compared with placebo 
in that higher risk population. In addition, none of the studies 
included in the current analysis had reported clinical toxicity 
associated with toxic serum levels of magnesium.57

Our investigation should be interpreted within the context 
of its limitations. In order to increase the number of available 
comparisons, we included studies that evaluated the effect 
of magnesium in subjects undergoing different surgical pro-
cedures. Although this is a common practice in quantitative 
systematic reviews of interventions addressing perioperative 
pain,58–60 this fact might have contributed to some of the 
heterogeneity observed in certain analyses. We attempted to 
minimize clinical heterogeneity by only including surgical pro-
cedures performed under general anesthesia, and we were able 
to explain part of the heterogeneity by the duration of magne-
sium infusion administration. Nevertheless, our findings can 
only be confirmed by a large randomized controlled trial.

Because few studies reported on magnesium levels, we 
were not able to evaluate the relationship between magne-
sium levels and the reported outcomes. It is important to 
note that several studies included in the current meta-analysis 
reported postoperative levels of serum magnesium above the 
normal range of 1.5–2.5 mg/dl.31,32,37 In addition, the impact 
of hypomagnesaemia on perioperative pain is unknown. 
Although not tested, perioperative correction of magne-
sium to normal systemic levels may not likely be sufficient 
to affect perioperative pain. Factors leading to perioperative 
hypomagnesaemia include bowel preparation and electrolyte 
losses.61 These factors may influence the dosage needed to 
observe a beneficial effect on postoperative pain outcomes.

Another limitation of our study is that we did not reg-
ister the review’ protocol on a registry database of system-
atic reviews. Registration of systematic reviews may prevent 
reporting bias. Nevertheless, our primary outcomes were 
identical to previous systematic reviews reported by our 
group on postoperative pain.58,62 Because the comparison 
that examined late pain on movement involved only five 
studies, it is possible that the Egger regression analysis for 
that comparison could have been underpowered to detect 
the presence of publication bias.

In summary, systemic magnesium reduces postoperative 
pain after surgical procedures following general anesthesia. 
In addition, the administration of systemic magnesium also 
reduced the postoperative consumption of opioids. Systemic 
levels associated with clinical toxicity were not reported 
in any of the examined studies. Perioperative magnesium 
administration should be considered as a strategy to reduce 
postoperative pain outcomes in patients undergoing surgical 
procedures.

References
	 1.	 Fawcett WJ, Haxby EJ, Male DA: Magnesium: Physiology and 

pharmacology. Br J Anaesth 1999; 83:302–20
	 2.	 McCarthy RJ, Kroin JS, Tuman KJ, Penn RD, Ivankovich AD: 

Antinociceptive potentiation and attenuation of tolerance by 
intrathecal co-infusion of magnesium sulfate and morphine 
in rats. Anesth Analg 1998; 86:830–6

	 3.	 Rosanoff A, Weaver CM, Rude RK: Suboptimal magnesium 
status in the United States: Are the health consequences 
underestimated? Nutr Rev 2012; 70:153–64

	 4.	 Anstett M: [Action of magnesium flavone chelates on pain-
ful postoperative pulmonary cicatrices]. Lyon Med 1963; 
210:589–92

	 5.	 Dubé L, Granry JC: The therapeutic use of magnesium in 
anesthesiology, intensive care and emergency medicine: A 
review. Can J Anaesth 2003; 50:732–46

	 6.	 Lysakowski C, Dumont L, Czarnetzki C, Tramèr MR: 
Magnesium as an adjuvant to postoperative analgesia: A 
systematic review of randomized trials. Anesth Analg 2007; 
104:1532–9

	 7.	 Wu CL, Raja SN: Treatment of acute postoperative pain. 
Lancet 2011; 377:2215–25

	 8.	 Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, 
Ioannidis JP, Clarke M, Devereaux PJ, Kleijnen J, Moher D: 
The PRISMA statement for reporting systematic reviews and 
meta-analyses of studies that evaluate health care interven-
tions: Explanation and elaboration. J Clin Epidemiol 2009; 
62:e1–34

	 9.	 Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, 
Gavaghan DJ, McQuay HJ: Assessing the quality of reports of 
randomized clinical trials: Is blinding necessary? Control Clin 
Trials 1996; 17:1–12

	10.	 Macintyre PE, Ready LB: Pharmacology of opioids, Acute 
Pain Management—A Practical Guide, 2nd edition. Edited 
by Macintyre PE, Ready LB, Philadephia, Harcourt Health 
Sciences, 2001, pp 15–49

	11.	 Hozo SP, Djulbegovic B, Hozo I: Estimating the mean and 
variance from the median, range, and the size of a sample. 
BMC Med Res Methodol 2005; 5:13

Fig. 12. Meta-analysis evaluating the effect of systemic magnesium on time to analgesic consumption compared with control. 
The overall effect of magnesium versus placebo was estimated with study as a random-effect. Point estimate (99% CI) for overall 
effect was 4.4 min (−6.9 to 15.9). Weighted mean difference for individual study represented by square on Forrest plot with 99% 
CI of the difference shown as solid line. Larger sized square and thicker 99% CI line denote larger sample size. The diamond 
represents the pooled estimate and uncertainty for the effects of systemic magnesium compared with control.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/119/1/178/261010/20130700_0-00030.pdf by guest on 10 April 2024



Anesthesiology 2013; 119:178-90	 189	 De Oliveira et al.

PAIN MEDICINE

	12.	 DerSimonian R, Laird N: Meta-analysis in clinical trials. 
Control Clin Trials 1986; 7:177–88

	13.	 Egger M, Davey Smith G, Schneider M, Minder C: Bias in 
meta-analysis detected by a simple, graphical test. BMJ 1997; 
315:629–34

	14.	 De Oliveira GS Jr, Chang R, Kendall MC, Fitzgerald PC, 
McCarthy RJ: Publication bias in the anesthesiology litera-
ture. Anesth Analg 2012; 114:1042–8

	15.	 Rosenthal R: The file drawer problem and tolerance for null 
results. Psychol Bull 1979; 86:638–41

	16.	 Saran T, Perkins GD, Javed MA, Annam V, Leong L, Gao F, 
Stedman R: Does the prophylactic administration of magne-
sium sulphate to patients undergoing thoracotomy prevent 
postoperative supraventricular arrhythmias? A randomized 
controlled trial. Br J Anaesth 2011; 106:785–91

	17.	 Jee D, Lee D, Yun S, Lee C: Magnesium sulphate attenuates 
arterial pressure increase during laparoscopic cholecystec-
tomy. Br J Anaesth 2009; 103:484–9

	18.	 Lee DH, Kwon IC: Magnesium sulphate has beneficial effects 
as an adjuvant during general anaesthesia for Caesarean sec-
tion. Br J Anaesth 2009; 103:861–6

	19.	 Gupta K, Vohra V, Sood J: The role of magnesium as an adju-
vant during general anaesthesia. Anaesthesia 2006; 61:1058–63

	20.	 Schulz-Stübner S, Wettmann G, Reyle-Hahn SM, Rossaint R: 
Magnesium as part of balanced general anaesthesia with 
propofol, remifentanil and mivacurium: A double-blind, ran-
domized prospective study in 50 patients. Eur J Anaesthesiol 
2001; 18:723–9

	21.	 Steinlechner B, Dworschak M, Birkenberg B, Grubhofer G, 
Weigl M, Schiferer A, Lang T, Rajek A: Magnesium moder-
ately decreases remifentanil dosage required for pain man-
agement after cardiac surgery. Br J Anaesth 2006; 96:444–9

	22.	 Ryu JH, Sohn IS, Do SH: Controlled hypotension for middle 
ear surgery: A comparison between remifentanil and magne-
sium sulphate. Br J Anaesth 2009; 103:490–5

	23.	 Unlügenç H, Gündüz M, Ozalevli M, Akman H: A compara-
tive study on the analgesic effect of tramadol, tramadol plus 
magnesium, and tramadol plus ketamine for postopera-
tive pain management after major abdominal surgery. Acta 
Anaesthesiol Scand 2002; 46:1025–30

	24.	 Elsharnouby NM, Eid HE, Abou Elezz NF, Moharram AN: 
Intraarticular injection of magnesium sulphate and/or bupi-
vacaine for postoperative analgesia after arthroscopic knee 
surgery. Anesth Analg 2008; 106:1548–52

	25.	 Bilir A, Gulec S, Erkan A, Ozcelik A: Epidural magnesium 
reduces postoperative analgesic requirement. Br J Anaesth 
2007; 98:519–23

	26.	 Bondok RS, Abd El-Hady AM: Intra-articular magnesium is 
effective for postoperative analgesia in arthroscopic knee 
surgery. Br J Anaesth 2006; 97:389–92

	27.	 Turan A, Memiş D, Karamanlioğlu B, Güler T, Pamukçu Z: 
Intravenous regional anesthesia using lidocaine and magne-
sium. Anesth Analg 2005; 100:1189–92

	28.	 Kogler J: The analgesic effect of magnesium sulfate in patients 
undergoing thoracotomy. Acta Clin Croat 2009; 48:19–26

	29.	 Dabbagh A, Elyasi H, Razavi SS, Fathi M, Rajaei S: Intravenous 
magnesium sulfate for post-operative pain in patients under-
going lower limb orthopedic surgery. Acta Anaesthesiol 
Scand 2009; 53:1088–91

	30.	 Song JW, Lee YW, Yoon KB, Park SJ, Shim YH: Magnesium 
sulfate prevents remifentanil-induced postoperative hyper-
algesia in patients undergoing thyroidectomy. Anesth Analg 
2011; 113:390–7

	31.	 Jaoua H, Zghidi SM, Wissem L, Laassili S, Ammar N, Ali 
J, Darmoul S, Askri A, Khelifi S, Ben Maamer A, Cherif A, 
Ben Fadhel K: [Effectiveness of intravenous magnesium on 
postoperative pain after abdominal surgery versus placebo: 
Double blind randomized controlled trial]. Tunis Med 2010; 
88:317–23

	32.	 Saadawy IM, Kaki AM, Abd El Latif AA, Abd-Elmaksoud AM, 
Tolba OM: Lidocaine vs. magnesium: Effect on analgesia after 
a laparoscopic cholecystectomy. Acta Anaesthesiol Scand 
2010; 54:549–56

	33.	 Benhaj Amor M, Barakette M, Dhahri S, Ouezini R, Lamine 
K, Jebali A, Ferjani M: [Effect of intra and postoperative mag-
nesium sulphate infusion on postoperative pain]. Tunis Med 
2008; 86:550–5

	34.	 Mentes O, Harlak A, Yigit T, Balkan A, Balkan M, Cosar A, 
Savaser A, Kozak O, Tufan T: Effect of intraoperative mag-
nesium sulphate infusion on pain relief after laparoscopic 
cholecystectomy. Acta Anaesthesiol Scand 2008; 52:1353–9

	35.	 Ferasatkish R, Dabbagh A, Alavi M, Mollasadeghi G, Hydarpur 
E, Moghadam AA, Faritus ZS, Totonchi MZ: Effect of mag-
nesium sulfate on extubation time and acute pain in coro-
nary artery bypass surgery. Acta Anaesthesiol Scand 2008; 
52:1348–52

	36.	 Oguzhan N, Gunday I, Turan A: Effect of magnesium sulfate 
infusion on sevoflurane consumption, hemodynamics, and 
perioperative opioid consumption in lumbar disc surgery. J 
Opioid Manag 2008; 4:105–10

	37.	 Ryu JH, Kang MH, Park KS, Do SH: Effects of magnesium sul-
phate on intraoperative anaesthetic requirements and post-
operative analgesia in gynaecology patients receiving total 
intravenous anaesthesia. Br J Anaesth 2008; 100:397–403

	38.	 Ozcan PE, Tugrul S, Senturk NM, Uludag E, Cakar N, Telci 
L, Esen F: Role of magnesium sulfate in postoperative 
pain management for patients undergoing thoracotomy. J 
Cardiothorac Vasc Anesth 2007; 21:827–31

	39.	 Tramèr MR, Glynn CJ: An evaluation of a single dose of mag-
nesium to supplement analgesia after ambulatory surgery: 
Randomized controlled trial. Anesth Analg 2007; 104:1374–9

	40.	 Cizmeci P, Ozkose Z: Magnesium sulphate as an adjuvant to 
total intravenous anesthesia in septorhinoplasty: A random-
ized controlled study. Aesthetic Plast Surg 2007; 31:167–73

	41.	 Tauzin-Fin P, Sesay M, Delort-Laval S, Krol-Houdek MC, 
Maurette P: Intravenous magnesium sulphate decreases post-
operative tramadol requirement after radical prostatectomy. 
Eur J Anaesthesiol 2006; 23:1055–9

	42.	 Seyhan TO, Tugrul M, Sungur MO, Kayacan S, Telci L, 
Pembeci K, Akpir K: Effects of three different dose regimens 
of magnesium on propofol requirements, haemodynamic 
variables and postoperative pain relief in gynaecological sur-
gery. Br J Anaesth 2006; 96:247–52

	43.	 Bhatia A, Kashyap L, Pawar DK, Trikha A: Effect of intra-
operative magnesium infusion on perioperative analgesia in 
open cholecystectomy. J Clin Anesth 2004; 16:262–5

	44.	 Levaux Ch, Bonhomme V, Dewandre PY, Brichant JF, Hans P: 
Effect of intra-operative magnesium sulphate on pain relief 
and patient comfort after major lumbar orthopaedic surgery. 
Anaesthesia 2003; 58:131–5

	45.	 Kara H, Sahin N, Ulusan V, Aydogdu T: Magnesium infusion 
reduces perioperative pain. Eur J Anaesthesiol 2002; 19:52–6

	46.	 Zarauza R, Sáez-Fernández AN, Iribarren MJ, Carrascosa F, 
Adame M, Fidalgo I, Monedero P: A comparative study with 
oral nifedipine, intravenous nimodipine, and magnesium sul-
fate in postoperative analgesia. Anesth Analg 2000; 91:938–43

	47.	 Koinig H, Wallner T, Marhofer P, Andel H, Hörauf K, Mayer 
N: Magnesium sulfate reduces intra- and postoperative anal-
gesic requirements. Anesth Analg 1998; 87:206–10

	48.	 Wilder-Smith CH, Knöpfli R, Wilder-Smith OH: Perioperative 
magnesium infusion and postoperative pain. Acta 
Anaesthesiol Scand 1997; 41:1023–7

	49.	 Tramer MR, Schneider J, Marti RA, Rifat K: Role of magne-
sium sulfate in postoperative analgesia. Anesthesiology 1996; 
84:340–7

	50.	 Marret E, Kurdi O, Zufferey P, Bonnet F: Effects of nonsteroi-
dal antiinflammatory drugs on patient-controlled analgesia 
morphine side effects: Meta-analysis of randomized con-
trolled trials. Anesthesiology 2005; 102:1249–60

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/119/1/178/261010/20130700_0-00030.pdf by guest on 10 April 2024



Anesthesiology 2013; 119:178-90	 190	 De Oliveira et al.

Systemic Magnesium for Postoperative Pain

	51.	 De Oliveira GS Jr, Fitzgerald P, Streicher LF, Marcus RJ, 
McCarthy RJ: Systemic lidocaine to improve postoperative 
quality of recovery after ambulatory laparoscopic surgery. 
Anesth Analg 2012; 115:262–7

	52.	 De Oliveira GS Jr, Ahmad S, Fitzgerald PC, Marcus RJ, Altman 
CS, Panjwani AS, McCarthy RJ: Dose ranging study on the 
effect of preoperative dexamethasone on postoperative qual-
ity of recovery and opioid consumption after ambulatory 
gynaecological surgery. Br J Anaesth 2011; 107:362–71

	53.	 White PF, White LM, Monk T, Jakobsson J, Raeder J, Mulroy 
MF, Bertini L, Torri G, Solca M, Pittoni G, Bettelli G: 
Perioperative care for the older outpatient undergoing ambu-
latory surgery. Anesth Analg 2012; 114:1190–215

	54.	 Nakasuji M, Nakamura M, Imanaka N, Tanaka M, Nomura 
M, Suh SH: Intraoperative high-dose remifentanil increases 
post-anaesthetic shivering. Br J Anaesth 2010; 105:162–7

	55.	 Kranke P, Eberhart LH, Roewer N, Tramèr MR: Single-dose 
parenteral pharmacological interventions for the prevention 
of postoperative shivering: A quantitative systematic review of 
randomized controlled trials. Anesth Analg 2004; 99:718–27

	56.	 De Oliveira GS Jr, Knautz JS, Sherwani S, McCarthy RJ: Systemic 
magnesium to reduce postoperative arrhythmias after coronary 
artery bypass graft surgery: A meta-analysis of randomized 
controlled trials. J Cardiothorac Vasc Anesth 2012; 26:643–50

	57.	 Pryde PG, Mittendorf R: Contemporary usage of obstetric 
magnesium sulfate: Indication, contraindication, and rel-
evance of dose. Obstet Gynecol 2009; 114:669–73

	58.	 De Oliveira GS Jr, Agarwal D, Benzon HT: Perioperative 
single dose ketorolac to prevent postoperative pain: A 
meta-analysis of randomized trials. Anesth Analg 2012; 
114:424–33

	59.	 McNicol ED, Tzortzopoulou A, Cepeda MS, Francia MB, 
Farhat T, Schumann R: Single-dose intravenous paracetamol 
or propacetamol for prevention or treatment of postoperative 
pain: A systematic review and meta-analysis. Br J Anaesth 
2011; 106:764–75

	60.	 Vigneault L, Turgeon AF, Côté D, Lauzier F, Zarychanski R, 
Moore L, McIntyre LA, Nicole PC, Fergusson DA: Perioperative 
intravenous lidocaine infusion for postoperative pain con-
trol: A meta-analysis of randomized controlled trials. Can J 
Anaesth 2011; 58:22–37

	61.	 Schwarz RE, Nevarez KZ: Hypomagnesemia after major 
abdominal operations in cancer patients: Clinical implica-
tions. Arch Med Res 2005; 36:36–41

	62.	 De Oliveira GS Jr, Almeida MD, Benzon HT, McCarthy RJ: 
Perioperative single dose systemic dexamethasone for post-
operative pain: A meta-analysis of randomized controlled tri-
als. Anesthesiology 2011; 115:575–88

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/119/1/178/261010/20130700_0-00030.pdf by guest on 10 April 2024


