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Introduction: The aim of this systematic review is to investigate the effects of perioperative intravenous administration of MgSO,4 on \
postoperative pain, analgesic consumption and adverse effects in patients undergoing orthopedic surgery.

Methods: Two investigators independently searched for articles on randomized controlled trials (RCTs) from 1998 to 2016 in
Pubmed, Web of science and Google scholar. We evaluated clinical outcomes, comparing postoperative pain scores, cumulative
analgesic consumption, time to first analgesia, and adverse effects between orthopedic surgery patients with and without the
administration of MgSQ,.

Results: After screening 2350 articles, 11 RCTs (with a total sample size of 535 subjects) were included in this systematic review.
Perioperative intravenous administered MgSQO,4 could reduce postoperative pain intensity compared with control in 6 trials (55%), but
without significant difference in 5 trials (45%). With MgSO, treatments, postoperative analgesic consumption was significantly
reduced in 8 trials (73%), and without significant difference in 2 trials (18%). Two trials evaluated the time to first request of analgesic
after surgery and showed prolong of 2.3hours and 93 minutes respectively. MgSO,4 group had less postoperative nausea (relative
risk [RR]=0.32, 95% confidence interval [Cl]=0.12-0.82, number needed to harm [NNH]=8.8), vomiting (RR=0.38, 95% Cl=
0.15-0.92, NNH=9.7), and shivering (RR=0.31, 95% Cl=0.11-0.88, NNH=5.2).

Conclusion: Perioperative intravenous administration of MgSO, in orthopedic surgery could reduce postoperative analgesic
consumption and adverse effects such as vomiting, nausea, and shivering. These trials do not provide convincing evidence of
beneficial effects on postoperative pain intensity and the time to first analgesic request. More trials should be conducted for the roles
of MgSO, in pain management for orthopedic surgery. However, intravenous MgSO, administration should be considered as a
strategy to relieve postoperative pain in orthopedic surgery patients.

Abbreviations: Cl| = confidence interval, NNH: number needed to harm, RCT = randomized controlled trial, RR = relative risk.
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1. Introduction

Magnesium is an important cation for human homeostasis that
plays a vital role in analgesic effects in both human and animal
models of pain.!'! The analgesic effects of magnesium are based
on acting as an antagonist of N-methyl-D-aspartate (NMDA)
receptors in central nervous system.”! For decades, magnesium
has been used to reduce postoperative pain. In 1996, the first
randomized controlled trial (RCT) used magnesium as an
analgesic adjuvant to support the effect of postoperative
analgesia.’® However, several trials reported conflicting
results.**! In 2007, a systematic review concluded that
perioperative magnesium may not provide favorable effects on
postoperative pain intensity and analgesic requirements. Authors
suggested the need for further study due to the potential analgesic
effect of magnesium.!®

During 2013 to 20135, 3 subsequent systematic reviews and
meta-analyses confirmed the positive postoperative outcomes of
perioperative administration of magnesium sulfate.””~! Albrecht
et al reviewed 25 RCTs including 1461 patients and concluded
that perioperative intravenous magnesium can reduce opioid
consumption and pain scores in the first 24 hours postoperatively
without any reported serious adverse effects.!”! De Oliveira et al
analyzed 20 RCTs with 1257 patients also supported that
systemic administration of perioperative magnesium reduce
postoperative pain and opioid consumption.!® In 2015, Guo
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et al performed a meta-analysis of 27 RCTs involving 1504
patients also concluded that systemic magnesium administration
during surgery significantly reduced postoperative pain scores
without increasing adverse effects.””) However, the authors noted
that since there were 18 ongoing trials without published data, it
was still premature to conclude the postoperative analgesic effects
of magnesium.

The analgesic effects of magnesium in orthopedic surgery have
also been widely investigated. In 1997, Koinig et al conducted the
first RCT investigating the analgesic effects of magnesium sulfate
for the knee arthroscopic surgery.'® Since then, RCTs
investigating the analgesic effects of magnesium in orthopedic
surgeries have been reported, including lumbar disc surgery,!!
total knee or hip replacement,!'*™"%!" osteotomy,!*®! posterior
spinal fusion surgery!'” and so on. Up to the present time, the
systematic review and meta-analyses’~! reported the periopera-
tive magnesium administration for postoperative analgesia
included a variety of surgeries. However, a systematic review
that emphasizes the analgesic effects of systematic administrated
magnesium in orthopedic surgery is still limited. The adverse
effects of intravenous administration of MgSO4 were investigat-
ed in previous meta-analyses. Two studies!”* concluded that
perioperative intravenous magnesium was effective in analgesia,
and with no prominent adverse effects. None of the studies
reported on clinical manifestations of toxicity related to high
serum levels of magnesium.

The purpose of this systematic review is to evaluate the effects
of perioperative intravenous administrated magnesium sulfate on
postoperative outcomes in orthopedic surgeries, including pain
scores, cumulative analgesic consumption and adverse effects.

2. Material and methods

We performed this systemic review based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
statement (PRISMA)'® and the recommendations of the
Cochrane Handbook for Systematic Reviews of Interventions.!'”!
IRB approval is unnecessary because this is a review of previously
published RCTs, and does not involve any processing of
individual patient data.

2.1. Systematic search for trials

We searched the RCTs evaluating the effects of perioperative
administrated magnesium sulfate on postoperative pain,
analgesic consumption and adverse effects in orthopedic
surgery from National Library of Medicine’s PubMed data-
base, Web of Science, and Google Scholar. MeSH terms and
keywords of magnesium, orthopedic surgery, analgesia,
postoperative, perioperative, and pain were used in various
combinations. We initially searched for studies published
between 1998 and 2018, but the latest RCT that met our
inclusion criteria was published in 2016. Thus, the included
RCTs in our review were published between April 7, 1998 and
November 14, 2016. Reference lists of the studies were
reviewed to search for additional studies.

2.2. Inclusion criteria

Two authors (Yu-Ning Peng and Mei-Li Huang) independently
evaluated titles and abstracts of the articles searched initially, and
the full articles were examined independently to determine
whether they met our inclusion criteria. We limited our search to
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RCTs published in English and performed on humans. Studies
were selected based on the following inclusion criteria:

(1) RCTs that compared perioperative intravenous MgSOy4
administration with control group (normal saline) in patients
undergoing orthopedic surgery;

(2) RCTs that evaluated the patients postoperatively at least with
pain scores, analgesic consumptions or adverse effects.

Exclusion criteria were:

(1) RCTs without a control group;
(2) RCTs that did not use intravenous MgSO, perioperatively.

2.3. Risk of bias assessment

Two authors (Peng and Huang) independently evaluated each
trial according to the Cochrane risk of bias assessment scale.!*”!
Discrepancies in scoring were discussed among the authors.
Seven categories of bias were evaluated: random selection,
allocation concealment, blinding of participants and outcome
assessment, outcome data, reporting bias, and other study bias.
Three levels (low risk, unclear risk, high risk) were summarized in
each category.

2.4. Data extraction

Two authors (Peng and Huang) independently reviewed and
extracted the following information from each study: roles of
authors; country of origin; publication year; patient character-
istics (American Society of Anesthesiologists [ASA] physical
status classification, age, sex); sample sizes in treatment and
control groups; types of surgery; types of anesthesia; route and
dosage of MgSO, administration; cumulative analgesic con-
sumption; pain scores; time to first analgesic request; and adverse
effects. We extracted the data from tables or texts. For data
presented only in figures and authors failed to respond to our
requests for their original data, we extracted the data from
available figures.

2.5. Data analysis

We initially intended to combine data from the 11 RCTs to
perform meta-analyses. However, the RCTs reported patients
undergoing different kinds of orthopedic surgery and used
various kinds of postoperative analgesia. Due to the high
heterogeneity of data, therefore, we conducted a systematic
review of the RCTSs, comparing MgSO4 in regarding to the effect
of control on intensity of postoperative pain, cumulative
analgesic consumption, and adverse effects. Moreover, in order
to provide subgroups that might be meaningful in clinical
conditions, we aimed to group studies by types of surgery
(arthroscopic versus open surgery). For each subgroup, we
reported the intensity of postoperative pain, cumulative analgesic
consumption, and adverse effects.

3. Results

3.1. Study selection

We retrieved 19 potentially relevant RCTs. We excluded 8
RCTs!127 1420241 dye to MgSO,4 was administered by an unclear
route in 1 study, administered intra-articularly in 2 studies,!*>*%!
administered intrathecally in 2 studies,"**!" administered by
various routes in 1 study,?! and administered under regional
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Web of science, and Google scholar.

2350 studies identified through Pubmed,

A4

1650 studies screened through titles
and abstracts

?| 700 duplicates

1214 excluded

Y

436 RCTs considered
potentially eligible

(Not RCT)

414 excluded

.| (Did not meet inclusion criteria

A

19 RCTs met eligibility criteria

after abstract or article review)
3 excluded
(without placebo)

A

11 RCTs included in this systematic

review

8 RCTs excluded

(not intravenous administration)

Figure 1. PRISMA flow chart showing literature search and selection process.

anesthesia in 2 studies.!***>*3! Eleven RCTs were eligible for
inclusion in this study, with a total number of 535 patients met
the inclusion criteria, including 267 received MgSO,4 and 268
received normal saline as placebo (Fig. 1). These studies were
published from 1998 to 2016. The characteristics of these trials
are listed in Table 1.

Among these studies, types of orthopedic surgeries included
arthroscopic knee surgery (3 trials™%>>2%!), total knee arthro-
plasty (1 trial®?”"), total hip arthroplasty (1 trial™®l), lower
extremity osteotomy (1 triall*®!), posterior spinal fusion surgery
(1 trial™), lumbar disc surgery (1 trial™), laminectomy (1
trial®®)), lumbar arthrodesis (1 trial®®®!), and lower extremity
surgery (1 trial’®®). General anesthesia (8 trials) was used in most
of the trials,[1%11:16:17:25:28-301 ¢yinal anesthesia was used in 2
trials,'>2”1 and epidural anesthesia was used in 1 trial.!*®!
MgSO, was administered intravenously in all the trials, as a
single bolus in 2 trials,””>* an infusion in 2 trials,"**" and as a
bolus followed by an infusion in 7 trials.[1%15-17:26-28]
Adverse effects were reported in 6 trials,!17:25:26:29,301
including vomiting, nausea, shivering, burning sensations, and
flushing.

3.2. Quality of the studies

Figures 2 and 3 show the risk of all types bias. Ten studies
described the details of randomization process, and 6 studies
reported allocation concealment. All of the 11 studies were

double-blinded, and 9 studies reported blinding of outcome
assessors.

3.3. Postoperative pain scores

To measure the pain intensity, most of the trials (9 trials) used
VAS scores, 101517257301 1 ria] used numeric assessment scale
(NMS),""™ and 1 trial used faces pain scale-revised (FPS-R).[¢]
The observation time ranged between immediately after surgery
to 48hours postoperatively. Within all the 1s trials, 6 trials
(55%)115:16:25:26:29.301 Leveqled a significant decrease (P<.05) in
postoperative pain in patients treated with MgSO,4 compared
with control group (Table 1). The mean pain intensity scores
decreased by 53% (median, 47%) in 24hours in 3 stud-
ies, 1525261 by §5%,[15:261 419 125:3% and 45%263%1 in 4, 6 and
12 hours, respectively. In 2 studies,?®3%! pain intensity scores
were decreased by 56%, 52%, 52%, and 45% in 1, 2, 3, and 8
hours, respectively. In 1 study,'**! the analgesic effect of MgSO,
could reduce VAS scores by 56% and 70%, respectively,
measured by the patient’s global satisfaction and quality of their
first night after surgery.

Five of the 6 studies used general anesthesia during surger-
jes!11:16:17:25:29.301, 1 g3 dy used spinal anesthesia,!*> and 1 study
used epidural anesthesia.”?®! MgSO, was administered as a single
bolus followed by infusion in 3 of the 6 studies that revealed the
beneficial effect of MgSQ.4,[1>192¢ administered as a single bolus
before surgery in 1 study,?”! administered as a bolus at the end of
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Characteristics of included trials.
No. of patients Time to first
Type of ASA in Treatment/ Mean age (y)/ Pain Analgesic  analgesic
Included Trials Surgery site anesthesia score Treatment Control group Female (%) scores consumption request Comments
Koinig et al, Arthroscopic GA 1 MgS0, 50mg/kg bolus 23/23 33.0/48 NS P<.01 — VAS evaluated at 5, 60, 120, and
1998 (Austria)'” knee + 8mg/kg/h infusion 240 minutes. Fentanyl was given
surgery during surgery until an adequate level of
analgesia was achieved, the VAS
score was >3 after surgery.
Levaux et al, Lumbar GA 1 MgS04 50mg/kg bolus 12112 50.0/50 P<.05 P<.05 — VAS of the patient’s global
2003 (Belgium)®®  arthrodesis satisfaction and quality of their
first night after surgery.
Analgesic consumption
(piritramide) significantly reduced
over 6, 12, and 24h, but not 2
or4h,
Dabbagh et al, Lower extremity GA I MgS0, 8mg/kg/h 30/30 34.4/70 P<.01 P<.01 — VAS significantly reduced at 1, 3, 6,
2009 (Iran)®®” surgery infusion during and 12h, but not 18 or 24 h.
surgery Analgesic consumption
(morphine) reduced by 5.6 mg
over 24 h to attain VAS < 3.
Hwang et al, Total hip SA I MgS0, 50mg/kg bolus 20/20 49.5/40 P<.05 P<.05 — VAS significantly reduced at 4, 24,
2010 arthroplasty for 15mins + 48h, but not 0.5 h or
(South Korea)!"™ 15mg/kg/h infusion immediately after surgery.
during surgery Analgesic consumption (morphine
+ ketorolac) was significantly
reduced at 4, 24, and 48h, but
not 0.5 h or immediately after
surgery
Na et al, 2010 Lower extremity GA 4l MgS0, 50mg/kg bolus 31/31 10.5/31 P<0.05 P<0.05 - Pain score (FPS-R) evaluated at 24
(South Korea)!'® osteotomy + 15mg/kg/h h. Analgesic consumption
infusion during (fentanyl and ketorolac)
surgery significantly reduced at 24 and
48h, but not 0.5 or 6h after
surgery
Jabbour et al, Posterior spinal GA 1 MgS0, 50mg/kg bolus 25/25 14.5/88 NS P<.05 — VAS at rest, at movement and at
2014 (Lebanon)™  fusion over 30mins + coughing were evaluated at 1, 2,
surgery 8mg/kg/h infusion 4, 8,12, 18, 24, 30, 36 and
during surgery 48h after surgery. Analgesic
consumption (morphine)
significantly reduced at 4, 8, 12,
18, 24, 30, 36 and 48h after
surgery. Cumulative morphine
consumption reduced by 29.5%
over 48 h.
Frassanito et al, Total knee SA 1/l MgS0, 40 mg/kg bolus 20/20 66.5/68 NS NS — VAS evaluated at 6, 12, 24, and 48
2015 (taly)” arthroplasty +10mg/kg/h h. Analgesic consumption
infusion during (morphine) evaluated at 6, 12,
surgery 24, and 48 h.
Abdulatif et al, Arthroscopic GA I MgS0,4 20ml 5% bolus 26/27 34.7/30 P<.05 — P<.01 VAS significantly reduced at 6 and
2015 (Egypt)®® knee at the end of 24h, but not 2, 4 or 24 h.
surgery surgery Analgesic consumption between
IV magnesium group and control
was not reported. Time to first
request prolonged 2.3 h
Demiroglu et al, Lumbar disc ~ GA ] MgS0,4 50mg/kg 25/25 45.0/46 NS P<.01 — Pain score (NMS) evaluated at 5,
2016 (Turkey) """ surgery infusion during 15, 30, 45, 60 mins and 4, 8,
suturing 12, 24 h after surgery. Analgesic
consumption (tramadol)
significantly reduced at 5, 15,
30, 45, 60 mins and 4, 8, 12,
24 h after surgery.
Ghaffaripour et al, Laminectomy ~ GA 1 MgS0, 30mg/kg bolus 20/20 44.1/40 NS NS NS VAS evaluated at 6, 12, 18 and
2016 (Iran)®?® over 5-10mins + 24h. Analgesic consumption
10mg/kg/h infusion (morphine) evaluated over 24 h.
during surgery Time to first request of
postoperative analgesia
(morphine) was at significantly
prolonged.
El Shal et al, Arthroscopic Epi I MgS0, 30mg/kg bolus 35/35 44.0/68 P<0.001  P<0001 P<.001  VAS for tourniquet pain were
2017 (Egypt)®®! knee over 10mins + significantly reduced at 40, 60
surgery 10mg/kg/h infusion and 80 mins after tourniquet

during surgery

inflation and 5 mins after
deflation. VAS significantly
reduced after surgery at 2, 4, 8
and 12h, but not 1, 18 or 24 h.
Analgesic consumption (pethidine)
reduced by 74 g over 24 h.
Time to first request prolonged
93 mins.

ASA = American Society of Anesthesiologists, No. =number, GA=general anesthesia, SA = spinal anesthesia, h=hours, NS =not significant, VAS = visual analogue scale, mins =minutes, FPS-R=faces pain
scale-revised, NMS =numeric assessment scale, Epi=epidural anesthesia.
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Figure 2. Risk of bias graph.

surgery in 1 study,’™! and administered by infusion during the

whole surgery in 1 study.®®! There was no obvious relationship
between pain intensity outcomes and types of anesthesia or routes
of administration.

3.4. Arthroscopic surgery

Three studies"®?%2°! were all of patients undergoing knee

arthroscopic surgery, and all used VAS scores to measure
patient’s pain intensity. Two studies (67%)2>%! revealed a
significant decrease (P<.05) in postoperative pain in patients
treated with MgSO,4 compared with control group (Table 1).
Abdulatif et al 5! revealed that postoperative pain was
significantly reduced in 6 and 24 hours postoperatively. El shal
et al'*®! showed that postoperative pain was significantly reduced
in 2, 4, 8 and 12 hours after surgery. This study also measured
postoperative tourniquet pain, and results showed that VAS
scores were decreased by 50%, 66%, 33%, and 50%,
respectively, in 40, 60, and 80 minutes after tourniquet inflation
and S minutes after deflation.

3.5. Open surgery

Eight studies measured postoperative pain in patients undergoing
open surgery. Types of surgery included knee or hip arthro-
plasty,">*”! lower extremity surgery,*”! lower extremity osteot-
omy,'®! posterior spinal fusion surgery,’!”! lumbar disc
surgery,'!! laminectomy,?®! and lumbar arthrodesis."*!

Only 4 studies (50%)!'>162?3] revealed a significant decrease
(P<.05) in postoperative pain in patients treated with MgSQOy4
compared with control group (Table 1). Three of the 4 studies
(75%) included patients undergoing lower extremity sur-
gery,1163% and 1 study (25%) included patients undergoing
spine surgery!?’!,

Among the 4 trials
spinesurgery,only 1trial (25 %)
in postoperative pain. Among the 4 trials
patientsundergoinglowerlimbsurgery, 3 trials(75%)
significant effect of MgSQO, in postoperative pain.

[11.17.28.29) that included patients undergoing

2Ishowedsignificanteffectof MgSO.4
[13:16.27.301 that included
[13:16:301 g owed

3.6. Cumulative analgesic consumption

Among 11 trials, 8 (73%) trials!?®11:15717:26:29.301 peveqled a
significantly decreased (P <.05) dose in cumulative analgesic in

patients treated with MgSO,4 compared with control group
(Table 1). The effect of MgSO4 varied by medication of
postoperative pain management. The cumulative morphine
consumptions were reduced by 38%!"% and 57%% in 24 hours
in 2 studies. The cumulative tramadol consumptions were
decreased by 17% and 16% in 12 and 24 hours after surgery,
respectively, in 1 study."'!! The cumulative pethidine consump-
tion was decreased by 33% 24hours post operation, in 1
study.?®! The cumulative piritramide consumptions were
reduced by 37% and 38% in 12 and 24hours after surgery,
respectively, in 1 study.*”! The cumulative fentanyl consumption
was reduced by 85% when an adequate level of analgesia was
achieved for patients with VAS>3 in 1 study.!'” One study!"”’
used PCA (containing morphine and ketorolac) as postoperative
pain management, and the cumulative PCA consumptions at 24
and 48 hours were reduced by 46% and 39 %, respectively.

Of these 8 trials, 6 trials used general anesthesia during
surgeries, 1 11:16:17:29:301 1 ¢ty dy used spinal anesthesia, %! and 1
study used epidural anesthesia.'*®! MgSO4 was administered as a
single bolus followed by infusion in 5 of the 8 studies that
revealed the beneficial effect of MgSQ4.'%">"172¢1 One study
administered as a single bolus before surgery,’*”! and 2 studies
administered by infusion during the whole surgery.!"-**! There
was no correlation between the cumulative analgesic consump-
tion and the type of anesthesia or the route of administration.

3.7. Arthroscopic surgery

Among the 3 trails!'®*>?¢! of patients undergoing knee

arthroscopic surgery, 2 trials (67%)!'%*¢! revealed a significantly
decreased (P<0.05) dose in cumulative analgesic in patients
treated with MgSOy. El shal et al'*®! reported that analgesic
consumption (pethidine) reduced by 50% over 24hours
postoperatively. Koinig et all*”! revealed that analgesic require-
ment (fentanyl) reduced by 35% intraoperatively, and 91%
postoperatively.

3.8. Open surgery

Among the 8 studies of patients undergoing open surgery, 6 trials
(75%)11:15-17:29.301 povealed a significantly decreased (P <.03)
dose in cumulative analgesic in patients treated with MgSO,
compared to control group. Three (50%)1513% of the 6 studies
included patients undergoing lower extremity surgery, and the
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Figure 3. Risk of bias summary.

other 3 studies (50%)""'7** included patients undergoing spine
surgery.

Of the 4 trials!'17?32%1 that included patients undergoing
spine surgery, 3 trials (75%)!""!'7??! showed a significantly

Medicine

decreased (P<.05) dose in analgesic consumption in MgSOy4
group. The result was also found in 3 (75%)!'>163% of the 4
trials!!>1%273% that included patients undergoing lower limb
surgery.

3.9. Time to first analgesic request

Only 2 (18%) trials compared the time required to administer the
first analgesic after surgery between MgSO, group and
control.?>2¢1 A total of 123 patients underwent arthroscopic
knee surgery in these 2 studies. Subgroup analysis could not be
conducted due to the 2 trials both included patients undergoing
arthroscopic surgery. One study!>*! revealed that the average time
to first request of postoperative analgesia, diclofenac, was 2.3
hours longer for the MgSO,4 group than for the control group.
The other study?®! used pethidine for pain management and
showed that the time to first request of postoperative analgesia
was 93 minutes longer for the MgSO4 group than for the control
group in average.

3.10. Adverse effects

Table 2 compares the postoperative adverse effects between the
MgSOy4 group and controls. The MgSOy4 group experienced
significantly less adverse effects than controls, including vomiting
(5.1% vs 16.5% [number needed to harm [NNH]=8.8], with a
relative risk (RR) of 0.32 [95% confidence interval [CI] 0.12—
0.82]), nausea (6.2% vs 16.5% [NNH=9.7], with a RR of 0.38
[95% CI 0.15-0.92]) and shivering (8.5% vs 27.7% [NNH=
5.2], with a RR of 0.31 [95% CI 0.11-0.88]). Two trials'***"!
reported increased incidence of adverse effects in MgSOy4 group:
10% patients complained about burning or heat sensations>"’
and 58% patients reported flushing, compared to none in
controls. However, no major complication was reported in both
trials.

4. Discussion

The main finding from these 11 trials is that perioperative
systemic MgSQOy4 administration could lead to at least 2 beneficial
effects, including reduced cumulative analgesic consumption, and
longer time to first request of analgesic in some trials. However,
the effect of systemic MgSO4 administration on postoperative
pain intensity still remains controversial. The intravenous
administration of MgSQOj4 could also reduce certain postoperative
adverse effects, such as nausea, vomiting, and shivering.
Comparing to previous meta-analyses,” ! our study empha-
sizes the perioperative “intravenous” administration of MgSQO4
for patients who underwent “orthopedic surgery”. To our
knowledge, this is the first systematic review investigating effects
of MgSO4 on orthopedic surgery, including some latest
RCTs!"%5-28] that have not been included in the previous

Adverse effects.

No. of patients/ Total No. of patients (%)

Adverse effects MgS0,4 Control RR (95% CI) NNH Reference
Nausea 5/97 (5.1) 16/97 (16.5) 0.32 (0.12-0.82) 8.8 (8.6-9.0) [11,17.26,29]
Vomiting 6/97 (6.2) 16/97 (16.5) 0.38 (0.15-0.92) 9.7 (9.4-10.0) [11,17.26.29]
Shivering 4/47 (8.5) 13/47 (27.7) 0.31 (0.11-0.88) 5.2 (5.1-5.4) (26.291

No. =number, RR=relative risk, Cl=confidence interval, NNH=number needed to harm.
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studies.”®! The administration of MgSO4 could obviously
minimize postoperative pain in some RCTs, but it failed to show
beneficial effects in others trials. However, no patients showed
deterioration in pain postoperatively.

The most obvious beneficial effect is the decrease of analgesic
consumption after surgery. Eight of the 11 trials revealed a
significant decrease in analgesic use in patients who had been
treated with MgSOy4. Arthroscopic surgery patients were
included in 2 trials. Spine surgery and lower extremity surgery
patients were included in 3 trials, respectively. The analgesics that
have been used among studies included morphine, tramadol,
pethidine, ketorolac, piritramide, and diclofenac. The doses of
postoperative 24-hour cumulative consumption of analgesic were
reduced by 16% to 57% (median: 38%) in 6 trials. General
anesthesia was used in most of RCTs, but there was no
correlation between the type of anesthesia and cumulative
analgesic consumption or pain intensity. As for postoperative
pain intensity, 6 trials reported significant reduction in pain
scores in MgSO4—treated patients. Among these trials, patients
in 3 trials experienced a 53% reduced 24-hour postoperative pain
intensity. One of the trials evaluated the patient’s global
satisfaction and quality of their first night after surgery, and
results showed that the VAS scores reduced by 56% and 70%,
respectively. Overall, nearly half of trials failed to provide
evidence that systemic MgSO, administration may have a
beneficial effect on pain intensity. One potential explanation of
this controversy between our findings with previous studies is
types of surgery. Most RCTs with patients undergoing
arthroscopic or lower extremity revealed a positive analgesic
effect of intravenous MgSO, administration, however, only 1
trial (25%) involving patients undergoing spine surgery showed
the positive effect. We noticed a potential correlation between
types of surgery and the effects postoperative analgesia of
MgSQOy, but still, need further investigation in future study.
Another potential explanation is patients’ own perception of pain
because it can be influenced by a variety of factors such as gender,
psychological, genetic and personality. *1733! Some ethnicity was
reported significantly more pain tolerance, and gender was
reported as a significant factor, with men reporting less pain than
women. 3!

The dose of MgSQOy that used for orthopedic surgery patients
varied among studies. Most trials used infusion during operation;
while some studies tested a single bolus before or at the end of
surgery. An initial MgSO,4 bolus dose of 30 mg/kg or 50 mg/kg
was used in the trials and followed by an infusion of 8 mg/kg/h or
10mg/kg/h during surgery. Ghaffaripour et al®®! tested the
largest amount of magnesium by using a 30 mg/kg bolus and
following with an infusion of 10mg/kg/h during surgery, but
beneficial effects on pain intensity and analgesic consumption
were not reported. On the other hand, Levaux et al®*! found that
the injection of a bolus dose of 50mg/kg MgSO, resulted
significant postoperative analgesic effect. However, it remains
unclear whether the amount of magnesium is correlated with the
analgesic efficacy. Further study should be investigated.

As for the postoperative adverse effects, the intravenous
MgSO, administration could benefit patients with reduced
vomiting, nausea, and shivering. To our surprise is that a higher
incidence of burning sensations and flushing in the MgSO,4 group
was also reported in some trials. Two meta-analyses!”®! included
studies that reported on the incidence of postoperative
dizziness,**** headache,!*>** nausea or vomiting,!**>3*3%!
sedation,’®®*”! and hypotension**37-38! in patients receiving
magnesium administration during operation. However, aggre-

www.md-journal.com

gated effect did not suggest a significant effect of intravenous
magnesium on adverse perioperative outcomes. Three stud-
ies!>2%3 included in the meta-analyses reported on postopera-
tive shivering, and combined effects showed a reduction on the
incidence of postoperative shivering in the intravenous magne-
sium group compared with control. However, it might be too
early to draw a conclusion on these adverse events because of
limited trials. More studies are needed to confirm.

There are some limitations to our study. First, these RCTs
varied in types of anesthesia, types of orthopedic surgery, MgSO,4
dosages and characteristics of patients (e.g. age, sex, race).
Second, most RCTs were conducted with small sample sizes. The
largest trial®®! included only 70 patients and the smallest trial*!
with 24 patients. Beneficial effects of treatment may be
mistakenly detected in small sample trials.*”) Third, all of the
included RCTs used intravenous administration of MgSOy,
because the number of RCTs which other routes of administra-
tion were limited. However, we did notice the potential clinical
effects of other administration routes based on related litera-
ture.[1%13:20:21.23.24401 pyere study should include RCTs that
use other routes of magnesium administration, and further
investigate the combined effects. Fourth, the time to deliver and to
end magnesium administration differed among RCTs, and the
total magnesium dosages varied. Based on the current evidence,
we still could not stratify the effect of dosages and time, and
whether dosages of magnesium administration may result in
different analgesic and adverse effects. Future research and more
RCTs should design to assess the efficacy and safety of different
magnesium dosages, delivery plans, and routes of administration.

In conclusion, most RCTs reported beneficial effects of
magnesium sulfate for orthopedic surgery patients, especially
for arthroscopic surgery and lower extremity surgery patients.
The perioperative intravenous administration of MgSO,4 could
reduce postoperative analgesic consumption, and reduce post-
operative vomiting, nausea and shivering. However, limited
studies suggested that MgSO, treatment favors postoperative
pain intensity and the time to first analgesic request. Since MgSO,4
is a cost-effective, harmless and easily accessible medication, the
role of its analgesic effects in orthopedic surgery should be further
investigated. Further trials using larger samples would reduce
random variations. In consideration of potential analgesic effect
and rare adverse events of MgSO,, we recommend intravenous
MgSO, administration during anesthesia for orthopedic surgery,
but should be used under safe dosage, and follow the delivery
plans that have been surveyed in previous studies.
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