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Abstract

Objectives: Magnesium (Mg) is the fourth most common cation in the body and has numerous phy-

siological activities and anti-nociceptive effects. The anti-nociceptive effects are primarily me-

diated by regulation of calcium influx into the cell and antagonism of the N-Methyl-D-aspartate

glutamate receptors. Opioids are widely used as analgesics to minimize postoperative pain, but

their use is associated with various side effects as well as the potential for addiction and tolerance.

Systemic Mg has been proposed as an adjunct to minimize postoperative pain in numerous clinical

studies. This meta-analysis aims to critically examine the ability of perioperative intravenous (IV)

Mg to reduce opioid use and its’ side effects. Methods: A comprehensive literature search of Pub

Med, Cochrane Central Registry of Controlled Trials, and Google Scholar (1966-2016) was per-

formed to identify all randomized control trials (RCTs) assessing the use of perioperative IV Mg in

the reduction of postoperative opioid consumption. Keywords searched included combinations of
“magnesium”, “pain”, “postoperative”, “preoperative”, “analgesia” and “opioid”. Inclusion criteria

included RCTs comparing the use of perioperative IV Mg with a control group in adult patients

(>18 yrs) undergoing elective surgery. Cumulative opioid consumption within the first 24 hours

(hrs) postoperative period and the incidence of nausea and vomiting were analyzed. Results: 14
RCTs involving 910 patients were identified (455 patients received Mg and 455 patients received
placebo or no therapy). Opioid consumption was significantly decreased in the systemic Mg group

(standard mean difference [SMD]: 1.39, 95% CI 1.83 to —-0.96; p < 0.001) at 24 hrs postoperatively.

Subgroup analysis revealed a significant reduction in the morphine consumption (SMD: -1.37, 95%
CI: -1.79 to —0.95; p < 0.001) with the use of IV Mg. There was a decrease in tramadol consumption;
however, this did not reach statistical significance (SMD: -1.74, 95% CI: -4.62 to 1.13; p = 0.234).
Systemic Mg adjunct had no significant effect on postoperative nausea and vomiting (RR = 0.63; 95%
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CI 0.38 to 1.04; p = 0.07). Conclusion: Perioperative IV Mg administration reduces opioid use in the
first 24 hours postoperatively without any serious adverse events. The decreased need for post-
operative opioids in the Mg group was not associated with a decrease in opioid-related side effects
such as nausea and vomiting. Mg is an efficacious adjunct for postoperative analgesia and should
be considered in multimodal analgesic treatment plans. Additional studies are required to optim-
ize the Mg dose and timing, and to address whether specific opioids display unique benefit or re-
sistance to adjunct Mg therapy.
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1. Introduction

Pain is an “unpleasant sensory and emotional experience associated with actual or potential tissue damage.” [1].
Effective control and management of postoperative pain is not only a concern to the patient, but it is also impor-
tant to the surgeon given the potential adverse effects of the physiologic response to both pain and its treatment
following surgery. Inadequate postoperative pain management leads to worse outcomes in the immediate post-
operative period which include not only patient discomfort but also increased risk of wound infection, and car-
diovascular, respiratory and gastrointestinal complications [1]-[3]. Untreated acute pain leads to reduced patient
satisfaction, increased morbidity and mortality, and higher costs of care [4]. Chronic post-surgical pain (CPSP)
is an additional serious complication of major surgery and is defined as pain that develops after a surgical pro-
cedure, of at least 2 months duration, and is not the result of other causes or a pre-existing pain [5]. While most
surgical patients heal within months and return to their baseline functional status, certain surgical procedures
and surgical candidates are at increased risk of developing CPSP and using opioid medications in the long-term
[6] [7]. Procedures associated with a high incidence of post-surgical pain include limb amputation (30% - 50%),
breast cancer surgery (20% - 30%), thoracotomy (30% - 60%) and heart bypass surgery (30% - 50%) [8].

Opioid based analgesia plays a significant role in the control of postsurgical pain. Despite being very effective
analgesics, opioids also have many undesirable side effects including sedation, respiratory depression, nausea
and vomiting, hypotension and bradycardia, pruritus, and inhibition of bowel function. The treatment of com-
plications such as nausea and pruritus commonly include the administration of antihistamines, which have an
additive effect on sedation and respiratory depression. The incidence of respiratory depression, a major life
threatening complication of opioids has been reported to be as high as 1 per 10,000 patients with patient con-
trolled analgesia pumps [9] [10]. Given these complications, prolonged hospital stays, and higher hospital costs,
the development of novel methods to reduce opioid use in the postoperative period is imperative [11].

The concept of multimodal analgesia for treating postoperative pain has become widely accepted and standard
multimodal analgesic regimens tailored to specific surgical procedures have been adopted by many institutions
[12]. The reliance on multiple medications and therapies inherent to the multimodal approach may even address
individual patient differences in analgesic pharmacogenetics (allelic differences in single genes and the asso-
ciated variability in specific medication responses). It was hypothesized that combining different drug classes
with different mechanism of action within the central and peripheral nervous system would reduce opioid use,
and decrease opioid related side effects [13] [14]. One such novel agent is intravenous magnesium.

Magnesium sulphate has been widely used as a tocolytic agent and an anticonvulsant for the treatment of pre-
term labour and pre-eclampsia, respectively [15] [16]. The magnesium ion was initially discovered to be an
N-methyl-D-aspartate glutamate (NMDA\) receptor blocker, which can alter the perception and duration of pain
in animal studies [17]. Since then, magnesium (Mg) have been studied over many years as an adjunct to minim-
ize postoperative pain. Adjunct Mg has been studied via several routes of administration (systemic, topical, in-
trathecal and epidural) however the systemic (intravenous route) is the most extensively studied [18].

Oliveira et al. conducted a meta-analysis involving 16 randomized control trials (RCTs) and 921 patients, and
reported a significant decrease in opioid consumption by patients who received Mg (WMD) = —10.52; 95% ClI,
—13.5.4 to —7.54 mg morphine 1V equivalents, p < 0.001) [19]. Subsequently, a significant number of additional
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RCTs have been published addressing perioperative IV Mg use with conflicting results. Kumar et al. (2013) stu-
died 1V Mg administration on postoperative opioid requirements in 60 patients undergoing infra-umbilical sur-
gery (30 received IV Mg and 30 received normal saline)and reported a significant reduction inmorphine required
in the first 24 hours in the Mg group (3.99 +/- 1.25 mg) as compared to normal saline group (7.13 +/— 2.68 mg)
(p < 0.000) [20]. Conversely Frassanito et al. (2015) published a RCT involving 40 patients (20 patients received
IV Mg and 20 patients received normal saline) undergoing total knee arthroplasty and reported no significant
difference in the cumulative morphine consumption during the first 24 hours of the postoperative period [21].

Given the significant morbidity and myriad of complications associated with inadequate postoperative anal-
gesia and the potential need of high dose opioid consumption this meta-analysis sought to critically examine the
existing literature on the efficacy of perioperative IV Mg to reduce postoperative opioid consumption and iden-
tify any associated adverse events.

2. Materials and Methods
2.1. Study Selection

A comprehensive search of all published randomized control trials (RCTs) evaluating intravenous Mg to mi-
nimize postoperative pain was conducted using PubMed, Cochrane Central Registry of Controlled Trials, and
Google Scholar (1966-2016). Additional citations were searched, using the references of the articles retrieved
from prior publications. The last search was conducted on March 10, 2016 and only articles written in English
were considered. Keywords searched included combinations of “magnesium”, “pain”, “postoperative pain”, and
“opioid consumption”. The following inclusion criteria were used: RCTs involving perioperative intravenous
administration of Mg compared to an inactive (placebo or “no treatment”) control group. In case of duplicate
publications, only the most recent and updated report of the clinical trial was included. This study was con-
ducted according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-

lines.

2.2. Data Extraction

Articles retrieved from the searches were assessed for eligibility, and data pertaining to patients, intervention,
control groups, outcomes, and methodology, were abstracted (Figure 1). Clinical outcomes of interest included
cumulative opioid consumption within the first 24 hours postoperative period.

2.3. Statistical Analysis

For each trial, standard mean difference (SMD) with a 95% confidence interval (95% CI) for cumulative opioid
consumption were calculated. An SMD of zero means that the new treatment and the placebo have equivalent
effects. If improvement is associated with higher scores on the outcome measure, SMDs greater than zero indi-
cate the degree to which treatment is more efficacious than placebo and SMDs less than zero indicate the degree
to which treatment is less efficacious than placebo. Following are the guidelines for interpreting the magnitude
of the SMD: small, SMD = 0.2; medium, SMD = 0.5; and large, SMD = 0.8 [22].

Meta-analysis of the pooled data was performed using the Comprehensive Meta-Analysis software Version 3
(Biostat, Englewood, NJ). In relative risk (RR) analysis, the studies reporting zero events in any group, a conti-
nuity correction factor of 0.5 was adopted to calculate the RR and variance. In the event of zero events in both
groups, the RR was not calculable and the study was excluded from the meta-analysis. Both the fixed-effects
model and random-effects model were considered, depending on the heterogeneity of the included studies. To
assess the heterogeneity between studies, both Cochrane’s Q statistic and 12 statistic was used. Heterogeneity
was considered statistically significant when p < 0.05 or 12 > 50. If heterogeneity was observed, data was ana-
lyzed using a random-effects model. Conversely, in the absence of heterogeneity, a fixed-effects model was as-
sumed. The publication bias regarding the SMD of cumulative opioid consumption was first qualitatively eva-
luated by funnel plot, and further evaluated using Egger’s and Begg’s tests. A two-tailed p-value of < 0.05 was
considered statistically significant. Subgroup analysis was performed based on type of opioid that was used—
morphine and tramadol, type of surgery and time of administration (intraoperative + postoperative vs intraopera-

tive alone).



S. Arumugam et al.

480 records identified through 3 records identified through
database searches other sources

483 records screened

400 records excluded:
277 reviews/systematic
100 not in English
23 Meta-analysis

83 records assessed for
eligibility

69 records excluded;
50 irrelevant clinical data
19 did not meet inclusion criteria

14 studies included in
the meta-analysis

Figure 1. CONSORT diagram of the study selection process.

3. Results
3.1. Demographic Characteristics of the Studies

A total of 14 RCTs were identified, involving a total of 910 patients. 455 of these patients received Mg, and 455
patients received a placebo (Table 1).

3.2. Effects of Magnesium on Opioid Consumption

Data on opioid consumption in both the Mg group and the placebo group were reported in all 14 trials. There
was significant heterogeneity between trials (p < 0.001, 1> = 84.41), and a random effects model was assumed.
Meta-analysis showed a significant decrease in cumulative opioid consumption with the use of Mg compared to
the control group (SMD: —1.45, 95% CI —1.86 to —1.05; p < 0.001 and Mean difference (MD): —8.90 mg, 95%
Cl —11.18 to —6.62; p < 0.001) (Figure 2). Individually, all studies reported a decrease in opioid consumption,
of which 13 were statistically significant.

Subgroup analysis on the basis of type of opioids identified a significant reduction in the cumulative mor-
phine consumption (SMD: —1.37, 95% CI —1.79 to —0.95; p < 0.001 and MD: —7.64 mg; 95% CIl —9.53 to —5.75;
p < 0.001) with the use of Mg. There was also a reduction in the cumulative tramadol consumption; however,
results were not statistically significant (SMD: —1.74, 95% CI —4.62 to 1.13; p = 0.234) (Figure 3).

Subgroup analysis on the basis of type of operations identified a significant reduction in the cumulative mor-
phine consumption with the use of Mg. (SMD of —0.89 in cholecystectomy, 0.65 in colorectal, —2.05 in coro-
nary artery bypass, —1.17 in abdominal hysterectomy and —3.26 in prostatectomy surgeries). However the SMD
was not statistically significant in thoracotomy, infra-umbilical and orthopedic surgeries (Figure 4).
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Table 1. Characteristics of all randomized controlled trials included in the current meta-analysis.

Cumulative

; Cumulative
Rate of Intraoperative CL)Mn;)L:rT;tr;in Morphine
Author, Method of Mg (1) or # of Subjects T Consumption with
Year B G SRR administration . Mg Postoperative  (#Mg/#Control) A first 24 hours
infusion hours
P) . (Control group)
(Magnesium (mg)
group) (mg)
Wilder- Abdominal Bolus +
Smith, 1997 continuous 200 mg/h I, P 13/11 Placebo 41.8+9.6 46.8+14.1
hysterectomy X :
[35] infusion
Bolus + Placebo
Zarauza, Colorectal continuous 10 1P 23124 and 39.8+92 46.6+113
2000 [36] surgery X : mg/kg/h X
infusion saline
. Bolus +
Kara, 2002 Abdominal continuous 500 mg/h ) 12112 Saline 35.55 + 0.48 43.43+7.2
[37] hysterectomy X :
infusion
Levaux, 2003 Orthopedic Continuous 50 mg/kg/ | 12112 Saline  4237+17.75 68.8 + 26.51
[38] surgery infusion 30 mins
- Bolus +
Bhatia, 2004 Open continuous 10 [ 25/25 Saline 13743 15227
[39] cholecystectomy X . mg/kg/h
infusion
Seyhan, 2006 Abdominal 40 .
(1) [40] hysterectomy Bolus mg/kg/h P 20/20 Saline 42.2+16.4 64 +10.2
. Bolus +
Seyhan, 2006 Abdominal continuous 10 P 20120 Saline  30.2+155 64+10.2
(2) [40] hysterectomy P mg/kg/h
infusion
Seyhan, 2006 Abdominal Bolus + 20
yhan, continuous I, P 20/20 Saline 39.16 + 15.51 64 +10.2
(3) [40] hysterectomy S mg/kg/h
infusion
Tauzin-fin, Continuous 16.7 .
2006 [41] Prostatectomy infusion mg/kg/h | 15/15 Saline 226 + 60 444 £ 73
Bolus +
Ozcan, 2007 Thoracotomy continuous 10 P 12/12 Saline 222+38 23546
[42] I mg/kg/h
infusion
O-mentes, Laparoscopic Continuous .
2008 [43] cholecystectomy infusion only n/a ! 41/42 Saline 1264 23115
Ferasatkish, Coronary artery Continuous 32 .
2008 [44] bypass surgery infusion only nmol/kg/h ! 109/109 Saline 136+28 201£35
Oguzhan, Lumbar disc Continuous 10 .
2008 [45] surgery infusion only mg/kg/h | 25/25 Saline 56.27 + 18.16 63.49 + 25.92
Kaya, 2009 Abdominal Bolus +
! continuous 500 mg/h 1 20/20 Saline 30.2+10.2 36.7+7.3
[46] hysterectomy - :
infusion
Dabbagh, Lower limb Continuous .
2000 [47] surgery infusion only 8 mg/kg/h | 30/30 Saline 42+16 9.8+12
Saadaw Laparoscopic Bolus + 25
Y. paroscop continuous ! 40/40 Saline 16.1+8.6 27.2+93
2010 [48] cholecystectomy e mg/kg/h
infusion
Kumar, 2013  Below umbilical Bolus + 10
! y continuous | 30/30 Saline 3.99+1.25 7.13+2.68
[20] surgeries infusion mg/kg/h

Abbreviations: Mg—Magnesium; mg—milligram; I—Intraoperative; P—Postoperative; mg—milligrams; h—hour; Kg—kilograms; min—minutes.

Subgroup analysis on the basis of time of intervention identified a significant reduction in the cumulative
morphine consumption when Mg was administered either intraoperative (SMD: —1.57, 95% CI —2.20 to —0.93;
p < 0.001) or both intra and postoperative (SMD: —1.32, 95% CI —1.40 to —0.80; p < 0.001) but no significant
reduction with sole postoperative administration (SMD: —0.30, 95% CI —1.11 to 0.49; p = 0.453) (Figure 5).

However on further analysis between intra + postoperative dosing and only intraoperative dosing the decrease
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Study name Stati stics for each study Std diff in means and 95% CI
Std diff  Lower Upper Relative
inmeans  limit limit  p-Value weight
Wilder smith,1997  -0.422 -1.233 0.390 0.309 —H- 5.56
Zarauza, 2000 0658  -1246  -0.071 0.028 - 6.19
Levaux,2003 21172 2038 0306 0.008 —— 5.40
Kara,2002 1544 2456 -0.633 0.001 —tm— 5.26
Bhatia,2004 2052 -1089 0038  0.068 - 6.25
Seyhan 1,2006 159 -2308  -0.885 0.000 T 5.85
Seyhan 2,2006 21890 2636 -1.145 0.000 5.5
Seyhan 3,2006 1892 2638 -1.147 0.000 e
Tauzin-Finn, 2006  -3263  -4355  -2.170 0.000 A — e
Ozcan, 2007 0308 -1.113 0497 0.453 —— 5.58
Oguzhan,2008 1182 1783 -0.581 0.000 - P
Ferasatkish,2008 ~ -2.051 2379 -1.723  0.000 » s
o-mentes,2008 2032 0755 0111 0.145 = ‘
Kaya,2009 0733 1373 -0.093 0.025 - 6.56
Dabbagh 2009 3960 4830 3089 0000  — 6.05
Saadawy,2010 21239 -1718 0761 0.000 - 538
A
Kumar,2013 1451 1992 0911 0.000 il 6 (1’
138 <1799 0972 0.000 & 63

-4.00 -2.00 0.00 2.00 4.00

Favors Magnesium Favors Control

Figure 2. Forest plot evaluating the SMD (standard difference in means) in opioid consumption associated with adminis-
tration of perioperative IV magnesium.

Group by Study name Stati stics for each study Std diff in means and 95% CI
type of opioid Std diff  Lower  Upper Relative

inmeans  limit limit ~ p-Value weight
Morph Ine Wilder smith,1997  -0.422 -1.233 0.390 0.309 — 6.60
Morph Ine Zarauza,2000 -0.658 1246 -0.071 0.028 —_ 747
Morph Ine Kara,2002 -1544 2456 -0.633 0.001 - 621
Morph Ine Bhatia,2004 -0.526 -1.089 0.038 0.068 —_— 7.55
Morph Ine Seyhan 1,2006 -1.596 -2.308 -0.885 0.000 ——— 6.99
Morph Ine Seyhan 2,2006 21890 2636 -1.145 0.000 B 6.86
Morph Ine Seyhan 3,2006 -1.892 2638 -1.147 0.000 R — 6.86
Morph Ine Ozcan,2007 0308 -1.113 0.497 0453 — 6.63
Morph Ine Oguzhan,2008 -1.182 -1.783 -0.581 0.000 — 7.42
Morph Ine Ferasatkish,2008 ~ -2.051 2379 -1723 0.000 -t 8.29
Morph Ine Kaya,2009 -0.733 -1.373 -0.093 0.025 — 727
Morph Ine Dabbagh,2009 -3.960 -4.830 -3.089 0.000 — 6.37
Morph Ine —_— 7.85
Morph Ine Kumar,2013 -1.451 21992 -0911 0.000 I 7.64
Morph Ine -1.375 -1.798 -0.953 0.000 i
Pritram Ide Levaux,2003 -1.172 2,038 -0.306 0.008 - 100.00
Prltram Ide 1172 2.038  -0.306 0.008 -
Tram adol Tauzin-Finn,2006 -3.263 -4.355 -2.170 0.000 fe—il— 4849
Tram adol o-mentes,2008 -0.322 -0.755 0.111 0.145 - 51.51
Tram adol S1748  -4.628 1.133 0.234 _?—-—
Overall 41343 -1.720 -0.967 0.000 -

4138 -1.799 0972 0.000  -4.00 22.00 0.00 2.00 4.00

Favors Magnesium Favors Control

Figure 3. Forest plot evaluating the SMD (standard difference in means associated with administration of perioperative 1V
magnesium. (Subgroup analysis by type of opioid).

in opioid consumption seemed greater with both intraoperative and postoperative administration when compared
to only intraoperative administration (p < 0.001).

A meta-regression analysis did not identify an association between the total magnesium dosage and an effect
on postoperative opioid consumption (slope [95% CI = —0.00007 [-0.00017 to 0.00004] p = 0.21073 compared
with slope = 0).
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Giroup by Study name Stati stics for each study Std diff in means and 95% CI
Type of opioid Std diff  Lower  Upper Relative
inmeans  limit limit ~ p-Value weight
Below umbllleal Kumar,2013 -1.451 -1.992  -0911 0.000 -—
Below umblllcal 21451 41992 0911 0000 - 100.00
Cholecystectomy Bhatia,2004 -0.526 -1.089 0.038 0.068 —a— 47.73
Cholecystectomy Saadawy,2010 -1.239 -1.718 -0.761 0.000 —-— 5227
Cholecystectomy -0.899 -1.597 -0.200 0.012 -
Colorectalsurgery Zarauza,2000 -0.658 -1.246 -0.071 0.028 - 100.00
Colorectalsurgery -0.658 -1.246 -0.071 0.028 st
Coronaryartery bypass  Ferasatklsh,2008 -2.051 -2.379 -1.723 0.000 100.00
Coronaryartery bypass -2.051 -2.379 -1.723 0.000 t
Hystersctomy Wilder smith,1997 ~ -0422  -1.233 0.390 0.390 RN 14.25
Hystersctomy Kara,2002 -1.544 -2.456 -0.633 0.001 —_— 13.34
Hystersctomy Seyhan 1,2006 -1.596 -2.308 -0.885 0.000 ——— 15.15
Hystersctomy Seyhan 2,2006 -1.890 2636 -1.145 0.000 —_— 14.85
Hystersctomy Seyhan 3,2006 -1.892 -2.638 -1.147 0.000 —_— 14.85
Hystersctomy Tauzin-Finn,2006  -3.263 4355 2.170 0.000 p—=——or 11.77
Hystersctomy Kaya,2009 -0.733 -1.373 -0.093 0.025 — 15.79
Hystersctomy Levaux,2003 -1.172 2038  -0.306 0.008 e
Orthopedic surgery -1.172 -2.038 -0.306 0.008 e 3285
Orthopedic surgery Oguzhan,2008 -1.182 -1.783 -0.581 0.000 —— 3433
Orthopedic surgery Dabbagh,2009 3960  -4830  -3.089 0000 #— 3282
Orthopedic surgery e
Prostatectomy o-mentes,2008 -0.322 -0.755 0.111 0.145 - 100.00
Prostatectomy -0.322 -0.755 0.111 0.145 -
Thoracotomy Ozcan,2007 -0.308 -1.113 0.497 0.453 —a— 100.00
Thoracotomy -0.308 -1.113 0.497 0.453
Overall -1267 -1.457 -1.077 0.000 *
-4.00 2.00 0.00 2.00 4.00

Favors Magnesium Favors Control

Figure 4. Forest plot evaluating the SMD (standard difference in means) in opioid consumption associated with administra-
tion of perioperative 1V magnesium. (Subgroup analysis by type of surgery).

Group by Study name Stati stics for each study Std diff in means and 95% CI
pre/postoperative Std diff  Lower Upper Relative

in means limit limit ~ p-Value weight
Introperative Levaux,2003 -1.172 -2.038 -0.306 0.008 — 9.17
Introperative Bhatia,2004 -0.526 -1.089 0.038 0.068 —— 10.34
Introperative Tauzin-Finn,2006 -3.263 -4.355 -2.170 0.000 f——— 8.21
Introperative Oguzhan,2008 -1.182 -1.783 -0.581 0.000 —_— 10.21
Introperative Ferasatklsh,2008 2051 2379 -1.723 0.000 —_ 11.04
Introperative o-mentes,2008 -0.322 -0.755 0.111 0.145 — 10.76
Introperative Kaya,2009 -0.733 -1.373 -0.093 0.025 —— 10.07
Introperative Dabbagh,2009 3960  -4.830 -3.089 0.000 — 9.15
Introperative Saadawy,2010 -1.239 -1.718 -0.761 0.000 —— 10.63
Introperative Kumar,2013 1451 -1.992 0911 0.000 —— 1043
Introperative -1.530 -2.120 -0.941 0.000 ,‘
Introperative+postoperative  Wllder smith,1997  -0.422 -1.233 0.390 0.390 —_— 15.74
Introperative+postoperative  Zarauza,2000 -0.658 -1.246 -0.071 0.028 —— 19.23
Introperative+postoperative  Kara,2002 -1.544 -2.456 -0.633 0.001 —_——— 1431
Introperative+postoperative - Seyhan 1,2006 -1.596 -2.308 -0.885 0.000 —1— 17.26
Introperative+postoperative ~ Seyhan 2,2006 -1.890 -2.636 -1.145 0.000 b 16.74
Introperative+postoperative ~ Seyhan 3,2006 -1.892 -2.638 -1.147 0.000 —_— 16.73
Introperative+postoperative -1.322 -1.844 -0.800 0.000 i
Postoperative Ozcan,2007 20308 1113 0497 0453 —— 100.00
Postoperative -0.308 -1.113 0.497 0.453
Overall 41203 <1554 0851 0.000 > ﬂ

-4.00 -2.00 0.00 2.00 4.00

Favors Magnesium Favors Control

Figure 5. Forest plot evaluating the SMD (standard difference in means) in opioid consumption associated with administra-
tion of perioperative 1V magnesium. (Subgroup analysis by time of administration).
3.3. Effects of Magnesium on Nausea and Vomiting

Data on the incidence of nausea and vomiting in both the Mg group and the placebo group was reported in 6 tri-
als. There was no significant heterogeneity between trials (p = 0.988, 1 = 0.000), and a fixed-effects model was
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assumed. Although not statistically significant, the meta-analysis identified a trend towards decrease in the inci-
dence of nausea and vomiting. (RR = 0.635; 95% CI 0.387 to 1.044; p = 0.074) (Figure 6). Individually, no tri-
als reported significant differences in the incidence of nausea and vomiting.

3.4. Publication Bias

A funnel plot was used to visually assess for publication bias, and Egger’s and Begg’s tests were done to calcu-
late publication bias. There was no obvious evidence of asymmetry on the funnel plot (Figure 7). Furthermore,
there was no evidence of publication bias for the primary end point of this study (SMD in cumulative opioid
consumption with use of Mg) by either the Egger’s (p = 0.704) or Begg’s test (p = 0.126).

4. Discussion

Effective postoperative pain control is an essential component of the care of surgical patients. The advantages
of effective postoperative pain management include patient comfort and satisfaction, earlier mobilization,
fewer pulmonary and cardiac complications, earlier return of bowel function, reduced risk of deep vein throm-
bosis, faster recovery with a lower likelihood of chronic or neuropathic pain, and reduced hospital costs [23].
Pain control has traditionally been achieved with opioid analgesia targeting central mechanisms involved in the

Study name Stati stics for each study Risk ratio and 95%ClI

Risk ~ Lower  Upper Relative

ratio limit limit p-Value weight
Zarauza 2000 0.522 0.210 1.294 0.160 —-—— 29.90
Bhatia 2004 0.750 0.187 3.013 0.685 B 12.77
Tauzin-finn 2006 1.000 0.161 6.200 1.000 - 7.41
Ozcan 2007 0.500 0.052 4.807 0.548 4.82
Omentes 2008 0.585 0.185 1.850 0.362 18.64
Kaya 2009 0.714 0.272 1.877 0.495 — 26.46

0.635 0.387 1.044 0.074

01 02 05 1 2 5 10

Favors , Magnesium Favors control

Figure 6. Forest plot evaluating the relative risk of incidence of nausea and vomiting associated with pe-
rioperative IV magnesium use.

0.0

0.1
021
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perception of pain. Drugs most commonly used include morphine, meperidine, fentanyl, and hydromorphone.
While these agents are very effective analgesics, opioids also carry with them many undesirable side effects in-
cluding sedation, respiratory depression, nausea and vomiting, hypotension and bradycardia, pruritus, and inhi-
bition of bowel function [11].

Multimodal pain management implies choosing analgesic medications which work via different pharmaco-
logic mechanisms of action and have additive or synergistic effects by acting at different sites within the central
and/or peripheral nervous system [24]. The ultimate goal of the approach is to provide optimal pain control,
while limit postoperative opioid requirements and therefore, decrease their associated adverse effects.

Magnesium sulfate has been used extensively for the prevention of pre-eclamptic seizures and as a tocolytic
to prevent preterm labor [25] [26]. Magnesium sulfate is also effective in the management of tricyclic acid poi-
soning and drug induced Torsades de pointes [27] [28]. Mg has more recently been reported to exhibit numerous
physiological activities including anti-nociceptive effects [29]. The mechanism of analgesia for Mg is unclear;
however, several possible mechanisms have been proposed, including inhibition of calcium influx, antagonism
of N-methyl-D-aspartate receptors, and attenuation of central sensitization [30] [31]. Wu et al. published a meta-
analysis involving 729 patients and reported that compared with placebo, NMDA receptor antagonists (Mg and
Ketamine) reduced the pain scores at 0, 4, 6, 8, 12, and 24 hours postoperatively (p < 0.05) and reduced the cu-
mulative analgesic consumption 6, 24, and 48 hours after surgery (p < 0.05).

The results of this meta-analysis demonstrate a significant reduction in opioid consumption (MD = —8.90 mg,
95% CIl —11.18 to —6.62 mg morphine 1V equivalents; p < 0.001) with the administration of perioperative IV
Mg which is consistent with a prior meta-analysis by Olivera et al. (2013) (WMD = —10.52 mg; 95% ClI,
—13.5.4 to —7.54 mg morphine IV equivalents, p < 0.001) [32]. Although there was a significant reduction in
postoperative cumulative morphine consumption in the first 24 hrs postoperatively, the reduction in tramadol
consumption was not statistically significant. Another important finding of this meta-analysis was the detection
of greater decrease in opioid consumption, when magnesium was administered both during the intraoperative
and postoperative period as compared with the sole intraoperative administration of the drug.

There was a significant reduction in postoperative opioid consumption in coronary artery bypass surgeries,
cholecystectomy, colorectal surgeries, abdominal hysterectomy and prostatectomy surgeries. A slight reduction
in postoperative opioid consumption in thoracotomy, infra-umbilical and orthopedic surgeries were observed but
failed to reach statistical significance. When Mg was administered either intraoperative or both intra and post-
operatively the reduction in cumulative morphine consumption was statistically significant. However postopera-
tive administration of Mg alone did not demonstrate a significant reduction in morphine consumption. The inci-
dence of nausea and vomiting, common side effects of opioids remained similar even with the reduction in cu-
mulative opioid consumption.

There are several limitations to this study. Not all studies used the same opioid for postoperative analgesia.
Although most studies used morphine, 2 studies used tramadol, which were converted to equi-analgesic doses of
morphine for analysis. In addition, there was limited available data on opioid-related side effects other than
postoperative nausea and vomiting. Moreover, there was either limited data or no reported data on pruritus, se-
dation, urinary retention, and respiratory depression. Nevertheless, it is unlikely that perioperative magnesium
infusion would have a significant effect on major adverse events such as respiratory depression; as prior studies
indicate that perioperative administration of other adjuvants (e.g. Acetaminophen, non-steroidal anti-inflamm-
atory agents, and ketamine) do not significantly decrease opioid related adverse events despite the presence of
an opioid-sparing effect [33] [34]. Additional studies are required to optimize the magnesium dose and timing,
and to address whether specific opioids display unique benefit or resistance to adjuvant magnesium therapy. The
sample size of the included studies was relatively small (<50 subjects/study) and as a result, there may have
been little data on less frequent outcomes of interest (such as respiratory depression).

5. Conclusion

In conclusion, perioperative adjunct 1V Mg administration reduces opioid consumption in the first 24 hours
postoperatively, without serious adverse events. The decrease in opioid consumption is more beneficial in gy-
necological, cholecystectomy, colorectal, and coronary bypass surgeries. Mg is an efficacious adjunct for post-
operative analgesia and should be considered in multimodal analgesic treatment plans.
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