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Summary

Intravenous magnesium has been reported to improve postoperative pain; however, the evidence is inconsistent. The
objective of this quantitative systematic review is to evaluate whether or not the peri-operative administration of
intravenous magnesium can reduce postoperative pain. Twenty-five trials comparing magnesium with placebo were
identified. Independent of the mode of administration (bolus or continuous infusion), peri-operative magnesium
reduced cumulative intravenous morphine consumption by 24.4% (mean difference: 7.6 mg, 95% CI —9.5 to —5.8 mg;
p < 0.00001) at 24 h postoperatively. Numeric pain scores at rest and on movement at 24 h postoperatively were
reduced by 4.2 (95% CI —6.3 to —2.1; p < 0.0001) and 9.2 (95% CI —16.1 to —2.3; p = 0.009) out of 100, respectively. We
conclude that peri-operative intravenous magnesium reduces opioid consumption, and to a lesser extent, pain scores, in
the first 24 h postoperatively, without any reported serious adverse effects.
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Magnesium has been reported to produce important articles [9, 10] recently concluded that peri-operative

analgesic effects including the suppression of neuro-
pathic pain [1], potentiation of morphine analgesia, and
attenuation of morphine tolerance [2]. Although the
exact mechanism is not yet fully understood, the
analgesic properties of magnesium are believed to stem
from regulation of calcium influx into the cell [3] and
antagonism of N-methyl-p-aspartate (NMDA) receptors
in the central nervous system [1, 4]. Since the comple-
tion of the first positive randomised controlled trial
investigating magnesium as an analgesic adjuvant in
1996 [5], several additional trials have been published,
with conflicting results [6-8]. Two narrative review
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magnesium does not confer any important analgesic
benefit, but these conclusions were drawn from a small
number of trials [9] and subject to inaccuracies in data
reporting [10]. The administration of intravenous
magnesium in the peri-operative setting is not without
risk and should be based on evidence, as it may prolong
neuromuscular blockade after administration of neuro-
muscular blocking drugs [11, 12], increase sedation [13]
and contribute to serious cardiac morbidity [14].
Consequently, the aim of this review is to define
quantitatively the effect of peri-operative intravenous
magnesium on acute postoperative pain.
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Methods

The investigators followed the recommendations of the «
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses» (PRISMA) statement [15]. The authors
searched the electronic databases MEDLINE (until
January 2012), EMBASE (until January 2012), and the
Cochrane Central Register of Controlled Clinical Trials
(until January 2012) using the following population
search terms: magnesium OR magnesium compounds.
These search results were combined with peri-operative
care OR peri-operative period. Results were further
limited by combining with analgesia OR analgesics OR
pain OR pain management OR pain measurement OR
pain threshold. The following words were searched as
keywords: magnesium*, periop*, peri-op*,perop*, intra-
op*, intra-op*, postop*, post-op*, analg*, and pain*.
Finally, the references of the retrieved articles were
manually examined for any relevant trials not identified
in the original search. Search results were limited to
randomised controlled trials, English, French and Ger-
man language, humans, adults and magnesium sulphate.
Only trials comparing the administration of intravenous
magnesium to placebo were included in the present
review. Trials investigating magnesium as a perineural
local anaesthetic adjunct, trials using magnesium as an
adjuvant for intravenous regional anaesthesia or for
general anaesthesia, and trials using an epidural catheter
for treating postoperative pain were excluded.

The quality of the method of each randomised trial
was rated using the Jadad score [16] and assigned from 1
(minimum) to 5 (maximum) points. Two authors (EA,
KK) independently reviewed and scored each trial using
this method and extracted data for the analyses with
disagreements in data or scoring were resolved through
discussion with a third author (RB). Extracted trial
characteristics included type of surgery, type of surgical
anaesthesia, mode and total dose of administered
magnesium, the use and type of multimodal analgesia.
Calculations of total magnesium doses were made
assuming a mean weight of 70 kg when not otherwise
specified.

Specific outcomes sought in each article were based
on the American Society of Regional Anesthesia and
Pain Medicine’s Acute Postoperative Pain Database
initiative [17]. The primary acute pain-related endpoint
evaluated was cumulative intravenous morphine
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consumption at 24 h postoperatively. Secondary acute
pain-related endpoints sought were pain scores at rest
and on movement measured at 24 h postoperatively,
early postoperative (0-6 h) intravenous morphine con-
sumption, early postoperative (0-6 h) pain scores at rest
and on movement, time to first analgesic request, and
incidences of postoperative nausea, vomiting (PONV)
and pruritus within the first 24 h postoperatively. If not
otherwise stated, it was assumed that pain scores were
assessed at rest.

Additional relevant endpoints evaluated were mag-
nesium-related adverse effects including hypotension,
bradycardia and sedation, quality of neuromuscular
blockade and serum magnesium levels. Serum magne-
sium expressed as mg.dl™" was converted to mmol.l™"
for analysis.

Meta-analyses were performed with the assistance of
Review Manager software (RevMan version 5.1.6;
Copenhagen, The Nordic Cochrane Centre, The Coch-
rane Collaboration, 2011). This software estimates the
weighted mean differences for continuous data or
categorical data between magnesium and placebo
groups, with an overall estimate of the pooled effect.
Data were analysed using a random effects model, as
most were heterogeneous, and are presented as mean
difference or relative risk (RR) with 95% CI. Means and
SD were extracted from the text, tables or graphs from
each source study. All opioids were converted into
equianalgesic doses of intravenous morphine [18-20]
and pain scores reported as verbal or numeric rating
scales were converted to a standardised 0-100 analogue
scale for quantitative evaluations. The authors of trials
that failed to report the sample size or results as a mean
and SD or SEM were contacted to request the missing
data. Our primary endpoint (cumulative intravenous
morphine consumption at 24 h postoperatively) was
analysed in subgroups according to mode of magnesium
administration (bolus only, bolus and infusion, and
infusion), and type of surgery. A meta-analysis was
conducted if two or more trials reported the endpoint of
interest. I* was used to evaluate heterogeneity with
thresholds for low (25-49%), moderate (50-74%), and
high (>75%) levels [21] and the likelihood of publication
bias was assessed by calculating a funnel plot of standard
error of the mean difference (y-axis) as a function of
the mean difference (x-axis). A Pearson or Spearman
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correlation, depending on the distribution of the vari-
able, was calculated between the total dose of magne-
sium administered in 24 h and the reduction in
morphine consumption at 24 h postoperatively using
the JMP 9 statistical package (SAS Institute, Cary, NC,
USA). A two-sided p value < 0.05 was considered
significant

Results

Of the 43 trials identified (40 from literature search
strategy, 3 from scanning bibliographies), 25 met the
inclusion criteria, representing a total of 1461 patients
(Fig. 1). Table 1 presents the trial characteristics. The
median Jadad score was 4 out of 5 with 64% of trials
receiving a score of either 4 or 5. The trials were mostly
conducted on patients who underwent abdominal sur-
gery (48%) [6-8, 13, 22-29], hysterectomy (24%) [5, 22,
30-33], and orthopaedic surgery (24%) [22, 34-38].

Magnesium
Magnesium compounds
Magnesium* as a keyword

_§ Analgesia Peri-operative care
g Analgesics Peri-operative period
B Pain Periop*as a keyword
5] i AND Peri-op*as a keyword
< Pain management P Yy
Pain measurement Perop*as a keyword
Pain threshold Intraop*as a keyword
Analg* as a keyword Intra-op*as a keyword
Pain* as a keyword 333 citations Postop*as a keyword
e Post-op*as a keyword
RCT
I 156 citations
c
ﬂ)
g
3
153 abstracts
— Did not meet inclusion
criteria after abstract
review
>
= 40 full text
= .
B articles Did not meet inclusion
W criteria after article
review
] 22 full text 3 articles retrieved
articles from scanning
bibliographies
el
L7
o
3
S
£
25 full text

articles

Figure 1 PRISMA flow diagram showing literature
search results. Twenty-five randomised controlled trials
(RCTs) were ultimately used for the analysis.
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Attempts were made to contact seven authors [5, 24, 28—
30, 33-35], and three provided the additional data
requested [33-35].

Magnesium was administered as a single bolus in six
trials (24%) [7, 13, 26, 33, 37, 39], as a bolus followed by
infusion in 15 trials (60%) [5, 6, 8, 22-25, 27, 30-32, 35,
36, 38, 40], as an infusion only in two trials (8%) [34,
41], and combined with tramadol in a patient-controlled
analgesia pump in two trials (8%) [28, 29]. Among the
21 trials that employed a bolus dose of magnesium, 19
used a bolus dose ranging between 30 and 50 mgkg ™.
The total peri-operative dose administered ranged from
1.03 g [34] to 23.5 g [40]. There was no correlation
between the total dose of magnesium administered over
the first 24 h postoperatively and cumulative intrave-
nous morphine consumption at 24 h postoperatively
(Spearman coefficient = —0.16, p = 0.17).

Cumulative intravenous morphine consumption
was reduced by an average of 24.4% in favour of the
magnesium group (mean difference: 7.6 mg; 95% CI
-9.5 to —5.8 mg; p < 0.00001) at 24 h postoperatively
(Fig. 2). This difference persisted whether magnesium was
administered as a bolus (reduction of 29.6%; p = 0.01), as a
bolus and infusion (reduction of 23.6%; p < 0.0001) or as
an infusion (reduction of 21.9%; p < 0.00001). The
cumulative amount of intravenous morphine consumed
at 24 h postoperatively was not statistically different
between subgroups (p = 0.38). Cumulative intravenous
morphine consumption at 24 h postoperatively was
reduced in all types of surgery (Fig. 3). Specifically,
morphine consumption was reduced by an average of 15%
in gastrointestinal surgery (p = 0.02), 12.7% in gynaeco-
logical surgery (p < 0.00001), 37.9% in orthopaedic sur-
gery (p < 0.0001), and 33.8% in other types of surgery
(p = 0.009).

The funnel plots for our primary endpoint were
inverted and symmetrical, centred around the mean
difference on the x-axis, indicating a low potential for
publication bias. Heterogeneity was assessed with I*
values of 92% for both analyses.

Table 2 presents secondary acute pain-related end-
points. Mean pain scores at rest and on movement at
24 h postoperatively were reduced by 4.2 (95% CI —6.3,
—2.1; p<0.0001) and 92 (95% CI -16.1, —2.3;
p = 0.009) out of 100, respectively. Immediate post-
operative intravenous morphine consumption was
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Magnesium Placebo

Study or Subgroup

Mean [mg] SD [mg] Total Mean [mg] SD [mg] Total Weight

Mean Difference
1V, Random, 95% Cl [mg]

Mean Difference
IV, Random, 95% CI [mg]

1.1.1 Bolus only

Levaux 2003 30 11 12 47 15 12
Mentes 2008 28.1 9.1 41 31.7 13 42
Seyhan 2006 54.8 12.8 20 64 10.2 20
Tauzin-Fin 2006 22.6 7.3 15 44.4 6 15
Subtotal (95% CI) 88 89
Heterogeneity: Tau? = 86.61; Chi® = 29.15, df = 3 (P < 0.00001); I*> = 90%

Test for overall effect: Z = 2.56 (P = 0.01)

1.1.2 Bolus and Infusion

Apan 2004 4.2 4.1 25 8 9.7 25
Benhaj Amor 2008 34 4 24 52 4 24
Bhatia 2004 13.7 3 25 15.2 2.7 25
Hwang 2010 13.3 5.6 20 24.5 5.6 20
Jaoua 2010 45.3 9.1 21 44.5 6.4 21
Kara 2002 35.6 4.8 12 43.4 7.2 12
Kaya 2009 30.2 10.2 20 36.7 7.3 20
Oguzhan 2008 12 7.3 25 23 12 25
Ozcan 2007 22.2 3.8 12 23.5 4.6 12
Ryu 2008 14.1 1.2 25 19.1 1.9 25
Saadawy 2010 16.7 8.7 40 28.1 9.3 40
Zarauza 2000 37.2 12.1 23 43.4 9.8 24
Subtotal (95% CI) 272 273
Heterogeneity: Tau? = 28.25; Chi® = 179.46, df = 11 (P < 0.00001); I> = 94%
Test for overall effect: Z = 4.20 (P < 0.0001)

1.1.3 Infusion only

Dabbagh 2009 4.2 1.6 30 9.8 2.1 30
Ferasatkish 2008 13.6 2.8 114 20.1 3.5 114
Unliigeng 2002 91 4.2 23 97.5 3.1 21
Subtotal (95% CI) 167 165

Heterogeneity: Tau? = 0.02; Chi? = 2.10, df = 2 (P = 0.35); I> = 5%
Test for overall effect: Z = 19.45 (P < 0.00001)

Total (95% CI) 527

Heterogeneity: Tau? = 12.94; Chi® = 229.85, df = 18 (P < 0.00001); I> = 92%
Test for overall effect: Z = 8.00 (P < 0.00001)

Test for subgroup differences: Chi? = 1.96, df = 2 (P = 0.38), I = 0%

527 100.0%

2.2%  -17.00[-27.52, -6.48]
4.8% -3.60 [-8.42, 1.22] —
3.5% -9.20 [-16.37, -2.03] —_—
4.8% -21.80[-26.58,-17.02] e
15.3% -12.76 [-22.53, -2.99] -
5.3% -3.80[-7.93, 0.33] —
6.4% -18.00 [-20.26, -15.74] -
6.7% -1.50 [-3.08, 0.08] -
5.7%  -11.20[-14.67, -7.73] —_
4.8% 0.80 [-3.96, 5.56) I
4.8% -7.80 [-12.70, -2.90] —_—
4.4% -6.50 [-12.00, -1.00] e
4.4%  -11.00[-16.51, -5.49] —_—
5.7% -1.30 [-4.68, 2.08] -
6.9% -5.00 [-5.88, -4.12] -
5.4%  -11.40[-15.35, -7.45] —
3.9% -6.20 [-12.51, 0.11] —
64.4% -6.92 [-10.15, -3.69] <
6.9% -5.60 [-6.54, -4.66)
7.0% -6.50 [-7.32, -5.68] -
6.4% -6.50 [-8.67, -4.33] -
20.3% -6.14 [-6.76, -5.52] [}
-7.64 [-9.51, -5.77] 'S
-20 -10 0 10 20

Favours Magnesium Favours Placebo

Figure 2 Cumulative intravenous morphine consumption at 24 h postoperatively according to the mode of
administration (bolus only, bolus and infusion, infusion only).

reduced by an average of 3.6 mg in favour of the
(95% CI =52
p < 0.00001). Early postoperative pain scores at rest

magnesium  group to —-2.1 mg;
and on movement were reduced by 6.9 (95% CI —9.6 to
—4.2; p < 0.00001) and 6.5 (95% CI —10.0 to —2.9;
p < 0.00001) out of 100, respectively. There were no
significant differences in time to first analgesic request
(mean difference: 7.2 min; 95% CI —1.9 to 16.2 min;
p = 0.12), incidence of PONV (RR: 0.88; 95% CI 0.69,
1.12; p = 0.30) or incidence of pruritus (RR: 0.75; 95%
CI 0.15-3.75; p = 0.73), respectively.

Table 3 summarises the adverse effects of intrave-
nous magnesium administration. The incidence of
bradycardia was higher in the magnesium group (RR:
1.76; 95% CI 1.01-3.07; p = 0.04), but without an
increased incidence of hypotension (RR: 1.49; 95% CI
0.88-2.52; p = 0.14). Sedation scores were similar in
both groups (mean difference: 0.17; 95% CI —0.42 to
0.76; p = 0.57). Measured serum magnesium levels were
higher in the magnesium groups compared to placebo

Anaesthesia © 2012 The Association of Anaesthetists of Great Britain and Ireland

groups (mean difference: 0.42 mmoll™; 95% CI 0.21-
0.64 mmol.I™"; p < 0.0001). It was not possible to
perform any meta-analysis on neuromuscular blockade
due to the variability in reporting. Five trials reported a
reduction in consumption of neuromuscular blocking
drugs [6, 27, 32, 33, 38], whereas five others did not find
any difference [5, 24, 25, 30, 39]. Finally, one study
reported a longer time to obtain four clinical responses
to train-of-four stimulation in the magnesium group
[37].

Discussion

This is the first systematic review of the literature and
meta-analysis to assess the analgesic effect of peri-
operative intravenous magnesium administration. Our
results suggest that peri-operative magnesium can
provide a clinically important reduction in opioid
consumption, and to a lesser extent, pain scores, in the
first 24 h postoperatively, in all types of surgery studied.
We were unable to detect any advantage of one mode of
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Magnesium Placebo

Study or Subgroup  Mean [mg] SD [mg] Total

Mean [mg] SD [mg] Total

Weight IV, Random, 95% Cl [mg]

Mean Difference
1V, Random, 95% CI [mg]

Mean Difference

1.2.1 Gastrointestinal surgery

Benhaj Amor 2008 34 4 24 52 4
Bhatia 2004 13.7 3 25 15.2 2.7
Jaoua 2010 45.3 9.1 21 44.5 6.4
Mentes 2008 28.1 9.1 41 31.7 13
Saadawy 2010 16.7 8.7 40 28.1 9.3
Unliigeng 2002 91 4.2 23 97.5 3.1
Zarauza 2000 37.2 12.1 23 43.4 9.8
Subtotal (95% CI) 197

Heterogeneity: Tau? = 52.86; Chi? = 153.87, df = 6 (P < 0.00001); I*> = 96%
Test for overall effect: Z = 2.36 (P = 0.02)

1.2.2 Gynaecological surgery

Kara 2002 35.6 4.8 12 43.4 7.2
Kaya 2009 30.2 10.2 20 36.7 7.3
Ryu 2008 14.1 1.2 25 19.1 1.9
Seyhan 2006 54.8 12.8 20 64 10.2
Subtotal (95% CI) 77

Heterogeneity: Tau? = 0.00; Chi® = 2.69, df = 3 (P = 0.44); I> = 0%

Test for overall effect: Z = 11.94 (P < 0.00001)

1.2.3 Orthopaedic surgery

Dabbagh 2009 4.2 1.6 30 9.8 2.1
Hwang 2010 13.3 5.6 20 24.5 5.6
Levaux 2003 30 11 12 47 15
Oguzhan 2008 12 7.3 25 23 12
Subtotal (95% CI) 87

Heterogeneity: Tau? = 15.20; Chi? = 16.49, df = 3 (P = 0.0009); I> = 82%
Test for overall effect: Z = 4.27 (P < 0.0001)

1.2.4 Other surgeries

Apan 2004 4.2 4.1 25 8 9.7
Ferasatkish 2008 13.6 2.8 114 20.1 3.5
Ozcan 2007 22.2 3.8 12 23.5 4.6
Tauzin-Fin 2006 22.6 7.3 15 44.4 6
Subtotal (95% CI) 166

Heterogeneity: Tau? = 34.93; Chi? = 50.08, df = 3 (P < 0.00001); I* = 94%
Test for overall effect: Z = 2.62 (P = 0.009)

Total (95% CI) 527

197

12

25
20
77

25
114

15
166

527 100.0%

Heterogeneity: Tau? = 12.94; Chi* = 229.85, df = 18 (P < 0.00001); I* = 92%

Test for overall effect: Z = 8.00 (P < 0.00001)
Test for subgroup differences: Chi? = 5.00, df = 3 (P = 0.17), I = 40.0%
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Figure 3 Cumulative intravenous morphine consumption at 24 h postoperatively according to the type of surgery.

administration (bolus, bolus and infusion, or infusion)
over another for our acute pain-related endpoints.
Moreover, we could not demonstrate any correlation
between the total dose administered and reduction in
morphine consumption at 24 h postoperatively, but this
may be a result of the small size of the effect when
magnesium is administered as an infusion over 24 h
rather than a single bolus dose. Considering the
potential logistic challenges of a prolonged postopera-
tive magnesium infusion, there is no compelling reason
to select this modality over a single bolus dose.
Although our data suggest that a single bolus admin-
istration of between 40 [33] and 50 mg.kg_1 [26, 37, 39]
reduces postoperative morphine consumption, it re-
mains uncertain whether or not a different bolus dose
may result in a greater effect. It is also noteworthy that
none of the trials reviewed herein justified their
selected doses for magnesium, and we are unable to
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find any dose-finding studies in the literature to
support such dose selection.

Of the trials that evaluated magnesium-related
adverse effects, there was no difference between groups
in the incidence of sedation or hypotension. It was
impossible to quantitatively assess the effect of magne-
sium on neuromuscular blockade due to inconsistent
reporting of this endpoint. Although bradycardia was
more common after magnesium administration, there
were no reports of persistent haemodynamic instability
or bradycardia that did not respond to first-line
pharmacologic therapy. It must be noted that only six
trials evaluated the incidence of either hypotension [5, 6,
8, 31, 35, 37] or bradycardia [5-7, 31, 35, 41], while two
assessed the incidence of sedation [13, 31]. Thus, the
incidence of adverse effects may be underestimated.
Interestingly, however, three studies administered doses
as high as 16.3 g [8], 18.2 g [6], or 23.5 g [40] over a

Anaesthesia © 2012 The Association of Anaesthetists of Great Britain and Ireland
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= s period of 24 h, and none of these reported any major
gg g5k % adverse effects of magnesium. In the obstetric setting,
=0 v Duley and colleagues previously studied more than
3 10 000 preeclamptic parturients in whom the total dose
S %‘ of magnesium administered was 28 g over 24 h (bolus
“ E’w dose of 4 g followed by an infusion of 1 gh™") [42]. This
g a o8 é group of investigators also found no differences in
A serious morbidity compared with placebo. In rats, the
median lethal dose is in excess of 150 mgkg ' when
< administered as a bolus and greater than
IR - 200 mgkg 'h™' when administered as an infusion
[43]. All studies included in our meta-analysis admin-
R s € istered magnesium doses well below these levels.
§_ 3 § This meta-analysis is limited by the absence of
5 é ; . ‘Z % systematic definitions for certain endpoints and by wide
=3a ° 3 variability in methods used in the trials included. Only
seven trials allowed patients access to non-opioid
8§85 analgesics such as non-steroidal analgesic drugs [7, 8,
o % g 13, 32, 35, 40], paracetamol [7, 8, 39], or wound
e 3:’ ::; D infiltration of local anaesthetic [39]. This permitted a
N precise assessment of the analgesic contribution of
magnesium, but limits generalisation of our results to
5 ;f modern anaesthetic practice where multimodal agents
gﬁg % r g are commonly employed. Finally, despite the large
E_; 5 2 seoR number of studies examined, only a small number of
5 _§ E trials could be included in the analysis for some of our
3 E_ g < £ = important predefined endpoints, such as the time to first
g 5 < £ 3 analgesic request [7, 22, 23, 27] and the incidence of
T; é é 5 % g g pruritus [6, 23].
2EEH S dge R In summary, peri-operative intravenous magnesium
can reduce opioid consumption, and to a lesser extent,
= pain scores, in the first 24 h postoperatively, without any
T = ; reported serious adverse effects. Magnesium can be
& £ & ; considered as an efficacious adjunct for postoperative
% o % % Em analgesia in the setting of conventional opioid-based
%; é % E 5 Eé therapy.
E 2 BEEAS
E Competing interests
E 5 EA has received grants from the Swiss Academy for
§ g :_% Anaesthesia Research (SACAR), Lausanne, Switzerland
é 2l © © ~ o and from the Foundation SICPA, Prilly, Switzerland.
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