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Abstract

Objective: Magnesium sulfate is considered to be an effective adjuvant to rocuronium in general
anaesthesia. We conducted a meta-analysis to clarify its efficacy.

Methods: We searched the PubMed, Embase, Web of Science, Cochrane Library, WanFang,
Chinese Biomedical Literature, and China National Knowledge Infrastructure databases for ran-
domized controlled trials (RCTs) of magnesium sulfate as an adjuvant to rocuronium from the
start of the database establishment until May 2020.

Results: Eleven RCTs were analysed. The pooled meta-analysis showed that using magnesium
sulfate as an adjuvant significantly shortened the onset time and prolonged the clinical duration of
neuromuscular blockade by rocuronium compared with the control group without magnesium
sulfate. However, there was no significant difference in recovery index of neuromuscular block
between the magnesium and control groups. Furthermore, magnesium sulfate significantly
increased the rates of excellent and clinically acceptable intubation conditions.

Conclusion: Adding magnesium sulfate to rocuronium during general anaesthesia can alter the
neuromuscular parameters, including shortening the anaesthesia-onset time and prolonging the
clinical duration, without significantly increasing the recovery time. Pretreatment with magnesium
sulfate may also improve intubation conditions during general anaesthesia.
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Introduction

Rocuronium induces rapid-onset profound
neuromuscular blockade that can be
completely reversed by sugammadex,
making it a useful alternative to succinyl-
choline for facilitating endotracheal intuba-
tion during rapid sequence induction in
certain situations.'> However, the onset
time and time to achieve maximum muscle
block with a 2ED95 dose of rocuronium
(0.6 mg/kg) is still slower than for succinyl-
choline (1.0mg/kg),* and a higher dose of
rocuronium is needed to achieve the same
onset time and intubation conditions.’
However, rocuronium may have a ceiling
effect for onset time,® and increasing the
dose beyond a particular amount does not
always guarantee a shortened onset time,°
and can markedly prolong the duration of
action.>® Moreover, the pharmacodynam-
ics of muscle relaxants are influenced by
numerous factors such as the potency of
the drug, the dose administered, the cardio-
vascular status,”” and other drugs, partic-
ularly volatile anaesthetics, antibacterial
drugs (procainamide, quinidine), calcium
antagonists, phenytoin, lithium, and mag-
Various alternative methods
have thus been studied to accelerate the
onset of neuromuscular blockade with a
standard intubating dose of rocuronium.
Magnesium sulfate is becoming widely
used as an adjuvant for anaesthesia because
of its effects as an N-methyl-D-aspartate
(NMDA) receptor antagonist and a sympa-
thetic blocking agent.'”> ' Magnesium
exerts anaesthetic and analgesic effects by
acting as an antagonist of NMDA receptors

in the central nervous system, and modu-
lates the hemodynamic response to stress
via its vasodilatory and antiarrhythmic
properties and inhibition of catecholamine
release. Magnesium also inhibits the motor
plate release of acetylcholine,'” thus facili-
tating the actions of neuromuscular block-
ing agents. Although numerous clinical
studies have investigated the effects of
adding magnesium sulfate as an adjuvant
to rocuronium in general anaesthesia, the
results remain inconclusive: magnesium sul-
fate has been associated with a shorter
onset time and prolonged total recovery
time of neuromuscular block in some stud-
ies,'®!7 while other studies'®!® have found
contradictory results regarding the interac-
tion between magnesium sulfate and
rocuronium during general anaesthesia.
We therefore conducted a meta-analysis of
relevant randomized clinical trials (RCTs)
to assess the efficacy of magnesium sulfate
pretreatment on pharmacodynamic param-
eters and intubation conditions after anaes-
thesia induction using rocuronium.

Materials and methods

This study was reported in accordance with
the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) statement guidelines.”® The pro-
tocol was registered in the International
Platform of Registered Systematic Review
and Meta-analysis Protocols (INPLASY)
(registration no.: INPLASY202060070).
All analyses were based on previously
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published studies, and no ethical approval
or patient consent was therefore required.

Search strategy

Two researchers independently carried out
a comprehensive literature search. Trials
examining the outcomes of magnesium
sulfate as an adjuvant to rocuronium in
general anaesthesia were retrieved from
the PubMed, Embase, Web of Science,
Cochrane Library, WanFang, Chinese
Biomedical Literature, and China
National Knowledge Infrastructure data-
bases, from the start of the database until
May 2020. The following Medical
Subject Headings(MeSH) or non-MeSH

terms and their combinations were
searched in the title and abstract:
“Rocuronium”, “Esmeron”, “Esmerone”,
“Zemuron”, “Rocuronium Bromide”,

LEINTS

“Magnesium Sulfate”, “magnesium sulphate”,
“Sulfate, Magnesium”, “Magnesium Sulfate,
Heptahydrate”, “Heptahydrate Magnesium

Sulfate”, “randomized controlled trial”,
“controlled clinical trial”, “randomized”,
“placebo”, “drug therapy”, “randomly”,

“trial” and “groups”. The study design was
limited to RCTs.

Eligibility and exclusion criteria

We selected all studies that met the follow-
ing eligibility criteria: randomized con-
trolled trials; adult patients (>18 years
old) who underwent general anaesthesia;
perioperative administration of intravenous
magnesium sulfate as an adjuvant to
rocuronium compared with rocuronium
alone (control group), regardless of the
dose  administered;  pharmacodynamic
parameters and intubation conditions as a
primary or secondary outcome; and avail-
ability of the full text in English or Chinese.
The exclusion criteria were: studies that
reported on patients with myasthenia
gravis; abstract, comment, review/editorial

review, guideline, meeting, or case report;
and studies published without sufficient
data or for which the relevant raw data
could not be abstracted.

Data extraction and outcomes assessed

Selected studies that fulfilled the eligibility
criteria were included. The data were
extracted from each eligible study by two
independent reviewers, and any discrepan-
cies were reconciled after discussion with a
third reviewer. The extracted data included
primary author, year of publication, sample
size, basic characteristics of the participants
(age, sex, weight), surgery type, anaesthesia
method, intervention study, comparators,
neuromuscular monitoring place, and out-
come measures.

The primary outcomes for the current
study were the effects of adjuvant magne-
sium on the pharmacodynamics of rocuro-
nium in terms of onset time, clinical
duration, and recovery index. Based on pre-
vious studies,'®'”??7 the time from injec-
tion of rocuronium to 80% to 100%
depression of the single twitch, 95% to
100% depression of the first twitch, or
when the train-of-four (TOF) count
reached 0 as defined in the eligible studies
were all accepted as the onset time. Clinical
duration was defined as the time from injec-
tion of rocuronium to 25% recovery of first
twitch of TOF stimulation or TOF count
recovered to 2. Recovery index was the
time from 25% recovery of first twitch of
TOF stimulation to 75% recovery of first
twitch of TOF stimulation. For published
studies that reported pharmacodynamic
parameter values without specifying the
time period, the standard definition provid-
ed by the Stockholm Guide for Clinical
Practice was followed.”®

Intubation conditions were assessed as a
secondary outcome using the intubation
scoring system of the good clinical research
practice guidelines developed by
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Fuchs-Buder et al®® or the criteria of
Cooper et al.?? The grade “excellent” was
considered as excellent intubation condi-
tions, and a grade of either “excellent” or
“good” was considered clinically acceptable.
Data reported as a graph were extracted
using the software WebPlotDigitizer 4.3
(https://automeris.io/ WebPlotDigitizer/).

Risk-of-bias assessment

The quality of each included trial was inde-
pendently estimated by two investigators
using the Cochrane Collaboration’s tool
for evaluating the risk of bias, with any dis-
crepancies reconciled by a third reviewer.
The tool includes seven quality items:
random sequence generation, allocation
concealment, blinding of participants and
personnel, blinding of outcome assessment,
incomplete outcome data, selective report-
ing, and other bias.>® Each item was classi-
fied as indicating a low, unclear, or high
risk of bias.*® Additionally, the main out-
come of onset time was graded and evalu-
ated according to the GRADE system.

Statistical analysis

All statistical analyses were performed
using RevMan software version 5.4 (The
Cochrane Collaboration, Copenhagen,
Denmark) and Stata version 16.0 (Stata
Corp LP, College Station, TX, USA).
Continuous outcomes were expressed as
standard mean differences (SMD) with
95% confidence intervals (Cls) because dif-
ferent definitions were used to assess the
same variable in the case of pharmacody-
namic parameters. Intubation conditions
were presented as dichotomous data, with
risk ratios (RRs) and 95% ClIs.

We assessed the heterogeneity among
studies using Cochran’s Q test (P <0.10
for statistical significance) and the I? index
(I’>50% for significant heterogeneity).
Data with significant heterogeneity were

analysed with a random-effect model; oth-
erwise, a fixed-effect model was selected.
Additionally, we performed a sensitivity
analysis by excluding one trial at a time,
to evaluate the effect of each individual
study with a high risk of bias on the stabil-
ity of the pooled data. Finally, publication
bias was detected by funnel plot asymmetry
with Begg’s and Egger’s regression tests.

A P-value of <0.05 was considered to
represent statistical significance.

Results

Literature search

The initial literature search yielded 304
studies, of which 246 were removed as
duplicate articles or irrelevant topics, and
45 were excluded after screening the titles
and abstracts. The remaining 13 studies
were reviewed for eligibility by scrutinizing
the full-text articles. The relevant raw data
could not be abstracted for one study, and
one study was in a language other than
English or Chinese. Eleven full-text
RCTs'¢ 1921727 were therefore included
in the final analysis. Figure 1 shows the
PRISMA?® flow diagram, including the rea-
sons for exclusion. The inter-rater reliability
measures between the two reviewers showed
high agreement for study selection
(k=0.91).

Characteristics of studies

Eleven studies'® '**'"?7 involving 460 par-

ticipants (>18 years old) were included in
the meta-analysis. The characteristics of the
included trials are presented in Tables 1
and 2. There was complete agreement
between the two reviewers regarding data
extraction (x=1.0). The participants were
all ASA status I-1II, scheduled for elective
surgery, with no neuromuscular disorders
or anticipated difficult airway. In the case
of missing data, the reviewers attempted to
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Records identified by database
searching (n=304)

Additional records identified
through other sources (n=0)

PubMed (32) Web of Science (34)
Embase (149)  Cochrane Library (71)
WanFang (7)  CBM(3) CNKI (8)
Y A A
-

L

Records after irrelevant topics
and duplicates removed (n=58)

~

J

Records screened (n=58 )

y

Full-text articles assessed for

eligibility (n=13)

Records excluded (n=45) \
~ Population:
Mpyasthenia gravis (3)
Children (1)
Comparator: no control saline (2)
- Irrelevant outcomes (36)
Abstract, full text not available (3) j
~
Full-text articles excluded, with reasons (n=2)
Language other than English or Chinese (1)
the relevant raw data could not be abstracted (1)

A A

>

Studies included in quantitative
synthesis (meta-analysis) (n=11)

Figure |. Flow diagram of included studies.

contact the authors to obtain more infor-
mation, but no further information was
obtained.

Risk-of-bias assessment

Some of the reviewed studies lacked suffi-
cient details to permit full evaluation of the
risk of bias; in such cases, we evaluated risk
of bias conservatively by classifying trials
lacking details allowing the exclusion of
selection, performance, and detection
biases as having an “unclear risk of bias”.
Furthermore, we judged the risk of attrition
bias to be low in 11 studies, and the number
of participants with missing outcome data
was balanced between groups. There were
no concerns regarding selective reporting of

results because all outcomes prespecified in
the methods section were reported.
However, very few studies had large effect
sizes, and other potential sources of bias
could therefore not be entirely ruled out.
Authors’ judgments of each risk of bias
item presented as percentages across all
included studies are shown in Figure 2,
and the authors’ judgements about each
risk of bias item for each included study
are shown in Figure 3.

Summary of findings by the GRADE
system

The main outcome of onset time was
graded according to the GRADE system
standard. The level of evidence for this
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Random sequence generation (selection bias) _:l

Allocation concealment (selection bias) _:l

Blinding of participants and personnel (performance bias) _:l
Blinding of outcome assessment (detection bias) - |
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

Other bias |

0% 25% 50% ?5% 100%

. Low risk of bias

|:| Unclear risk of hias

B High risk of bias |

Figure 2. Risk of bias graph. Authors’ judgements of risk of bias items presented as percentages across all

included studies.

finding was rated as low. The overall qual-
ity assessment was downgraded by quality
and consistency limitations.

Primary outcomes

Onset  time. Nine  studies'®1%:21:22:25-27

assessed the onset time of rocuronium by
monitoring neuromuscular responses, and
provided sufficient information to allow
the results to be pooled. The pooled data
suggested that use of magnesium sulfate as
an adjuvant to rocuronium in general
anaesthesia significantly shortened the
onset time of neuromuscular blockade
(SMD =-0.81, 95%CI —1.16 to —0.47,
P <0.001, I?=68%) compared with the
control group (Figure 4).

We also performed subgroup analyses to
reduce the possible bias of our conclusion
caused by heterogeneity. Studies were
grouped according to the dosage of magne-
sium: a dose of 50mg/kg significantly
reduced the onset time of neuromuscular
block (SMD=-1.12, 95% CI —1.55 to
—0.68, P<0.01) and heterogeneity was
observed (I?=52%, P=0.1). However,
there was no significant effect at doses of
30mg/kg (SMD=-0.46, 95% CI —1.02
to 0.11) or 60mg/kg (SMD = —0.71, 95%
CI —1.67 to 0.25). In terms of statistical
heterogeneity, the I? values for 30 and

60 mg/kg were about 68% (P=0.05) and
78% (P =0.03), indicating heterogeneity
among the datasets in these subgroups.
We also stratified the data according to
the time of administration of magnesium.
We focused on magnesium administration
over a 10- or 15-minute period before
induction of anaesthesia because only one
study administered magnesium for over 1
minute'® or described the administration
time as “unclear”,?! respectively.
Magnesium administration for 10 minutes
(SMD=-1.07, 95% CI —1.54 to —0.6,
P<0.01) and 15 minutes (SMD = —0.95,
95% CI —1.3 to —0.61, P<0.01] signifi-
cantly reduced the onset time, with signifi-
cant heterogeneity for the 10 minute group
(I’=57%, P=0.07) but not for the 15
minute group (I>=21%).

Clinical duration. Nine studies!¢1%-21:22:25-27

were included in the pooled analysis com-
paring the clinical duration of rocuronium
between the magnesium group and control
group. The pooled data suggested that
using magnesium sulfate as an adjuvant to
rocuronium in general anaesthesia signifi-
cantly prolonged the clinical duration of
neuromuscular  blockade (SMD =1.34,
95%CI 0.72 to 1.96, P <0.001, I?’=89%)
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Choi et al.27
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Figure 3. Risk of bias summary. Authors’ judgements of risk of bias items for each included study.

compared with the control group
(Figure 5).

Additionally, we performed subgroup
analysis of these nine studies according to

the dosage of magnesium (30, 50, 60 mg/
kg). The SMDs for clinical duration were
1.43 (95%CI —0.25 to 3.12, P=0.1) for
30mg/kg, 1.36 (95%CI 0.44 to 2.28,
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Figure 4. Forest plot of onset time of rocuronium in the magnesium and control groups.
Cl, confidence interval; SD, standard deviation; IV, inverse variance.
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Figure 5. Forest plot of the clinical duration time of rocuronium in the magnesium group and control

groups.

Cl, confidence interval; SD, standard deviation; IV, inverse variance.

P=0.004) for 50 mg/kg, and 1.15 (95%CI
0.68 to 1.62, P<0.01) for 60 mg/kg, with
significant heterogeneity in the 30 and
50 mg/kg groups (I°=95%, P <0.001 and
I°=88%, P <0.001, respectively) but not
in the 60mg/kg group. We also carried
out subgroup analysis according to the
time of administration of magnesium. The
SMDs for magnesium administered for 10
minutes and 15 minutes were 0.48 (95% CI
0.20 to 0.77, P<0.01) and 1.73, (95% CI
0.80 to 2.66, P < 0.01), with significant het-
erogeneity in the 15 minute group
(I’=86%, P=0.007) but not in the 10
minute group. Finally, the data were strat-
ified based on the administration of magne-
sium as a continuous infusion. The clinical
duration time was significantly prolonged
following continuous (SMD=2.23, 95%
ClI 021 to 424, P=0.03) and

non-continuous  infusion (SMD=0.92,
[95% CI 0.53 to 1.32, P<0.01); however,
the heterogeneity between the groups did
not disappear when the data were sorted
according to continuous infusion or
not (I’=96%, P<0.001 and I*=60%,
P =0.03, respectively).

Recovery index. The recovery index of neuro-
muscular block was examined in four stud-
ies.!®17:1927 We found that the recovery
index of neuromuscular block was signifi-
cantly longer in the magnesium group
than in the control group (SMD =0.43,
95%CI 0.01 to 0.85, P=0.04, I>=61%)
(Figure 6).

Sensitivity analysis. Sensitivity analyses of
onset time and clinical duration of neuro-
muscular block revealed no significant
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Figure 6. Forest plot of the recovery index of rocuronium in the magnesium and control groups.
Cl, confidence interval; SD, standard deviation; IV, inverse variance.

changes in point estimates of SMD.
However, sensitivity analysis of the recov-
ery index of neuromuscular block identified
one study'” using various anaesthetic adju-
vants with total intravenous anaesthesia
guided by bispectral index that may have
resulted in heterogeneity, and there was no
heterogeneity among the remaining studies
after removal of this study. A meta-analysis
was performed using the fixed-effect model,
and the results showed no significant differ-
ence between the two groups (SMD =0.25,
95% CI —0.04 to 0.55).

Secondary outcomes

Excellent intubation conditions. Six studies'’->>27

assessed excellent and clinically acceptable
intubation conditions as outcomes. The
magnesium group was significantly superior
to the control group in terms of creating
excellent intubation conditions (RR =2.49,
95% CI 1.66 to 3.74, P <0.001, I* =52%)
(Figure 7).

Clinically acceptable intubation conditions. The
magnesium group was also significantly
superior to the control group in creating
clinically acceptable intubation conditions
(RR=1.81, 95% CI 134 to 243,
P <0.001, I>=71%) (Figure 8).

Sensitivity analysis. We performed sensitivity
analyses for excellent and clinically accept-
able intubation conditions. One of the six
included studies,?” which used low-dose
(30 mg/kg) magnesium as an adjuvant to

low-dose (0.45 mg/kg) rocuronium in gener-
al anaesthesia, may have led to heterogene-
ity among the studies. Removing this study
eliminated the heterogeneity between the
remaining studies for both excellent and
clinically acceptable intubation conditions.
The results of a meta-analysis using a
fixed-effect model showed that the differ-
ence remained significant for both excellent
(RR=3.03,95% CI 2.18 to 4.22, P < 0.001)
and clinically acceptable intubation condi-
tions (RR=2.05, 95% CI 1.69 to 2.49,
P <0.001).

Publication bias. Funnel plots require a mini-
mum of 10 studies; however, the primary
outcome of onset time was only measured
in nine studies, and publication bias could
therefore not be assessed by this method.
We therefore performed Begg’s and
Egger’s regression tests to evaluate the
asymmetry and publication bias. The anal-
ysis did not identify any potential publica-
tion bias.

Discussion

This review and meta-analysis of 11 RCTs
demonstrated that the addition of magne-
sium sulfate as an adjuvant in general
anaesthesia altered the pharmacodynamic
parameters of rocuronium. Pretreatment
with magnesium sulfate before rocuronium
general anaesthesia significantly shortened
the onset time and prolonged the clinical
duration and recovery time of neuromuscu-
lar blockade. However, the clinical
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Figure 7. Forest plot of excellent intubation conditions in the magnesium and control groups.

Cl, confidence interval; M-H, Mantel-Haenszel.
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Figure 8. Forest plot of clinically acceptable intubation conditions in the magnesium and control groups.

Cl, confidence interval; M-H, Mantel-Haenszel.

significance of our results may be limited by
the high degree of heterogeneity among the
included studies, and a sensitivity analysis
excluding a study that reported “recovery
index” values without specifying the time
period found no significant difference in
recovery time of neuromuscular blockade
in relation to magnesium. This indicated
that although the definition was constant
within a study, differences in definitions
among studies may affect the results.

Our results were consistent with those of
another recent meta-analysis that assessed
pharmacological interventions to accelerate
the onset time of rocuronium; however, this
previous analysis only included four
studies related to magnesium sulfate.®
Furthermore, a systematic review and
meta-analysis assessing the interaction
between magnesium sulfate and neuromus-
cular blockers during the perioperative
period®! only included six RCTs referring
to rocuronium. The current study thus

included a broader search, assessed more
RCTs concerning the use of magnesium sul-
fate as an adjuvant to rocuronium in gen-
eral anaesthesia, assessed its efficacy in
terms of the pharmacodynamic parameters
of rocuronium, and evaluated the effect of
magnesium sulfate on intubation conditions
after anaesthesia induction. Unfortunately,
the results regarding the recovery index of
neuromuscular block differed between the
current and previous meta-analyses.’’
Moreover, the results lacked the power to
determine equivalence owing to the small
sample size. Further research is therefore
needed to clarify the uncertainty regarding
the efficacy of magnesium sulfate.

In addition, we found that the magne-
sium group was superior to the control
group in terms of intubation conditions,
and increased the rate of excellent intuba-
tion conditions by more than 3.03 times to
64.1%. Magnesium also increased the
rate of clinically acceptable intubation
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conditions by more than 2.05 times to
89.4%. After excluding a study®’ using
low-dose (30 mg/kg) magnesium as an adju-
vant to low-dose (0.45mg/kg) rocuronium
in general anaesthesia, there was no signif-
icant heterogeneity with regard to excellent
or clinically acceptable intubation condi-
tions, indicating that an initial dose of mag-
nesium sulfate may improve the effect of
rocuronium in creating superior intubation
conditions, and that the induction dose of
rocuronium should also not be neglected.
This meta-analysis had several limita-
tions. First, we disregarded data from stud-
ies published in any language other than
English or Chinese. Although language-
restricted meta-analyses have repeatedly
been reported to cause no bias for estimat-
ing the effectiveness of different interven-
tions,*> the conclusions should still be
interpreted with caution. Second, The defi-
nition of onset time was derived from the
included literature, but the range was
broad, and time to 80%, 90%, 95%, or
100% neuromuscular blockade as defined
in the eligible studies were all accepted as
the onset time, while the time from injection
of rocuronium to 25% recovery of first
twitch of TOF stimulation or TOF count
recovered to 2 were counted as the clinical
duration. Moreover, one study that
reported “pharmacodynamic parameters”
values without specifying the time period
measured might have been a major cause
of heterogeneity. Third, the models or devi-
ces used for neuromuscular stimulation and
detection differed, which might also have
caused heterogeneity. Fourth, the evidence
in this study was graded as low quality,
mainly because of the methodological
shortcomings of the included studies and
inconsistencies in the definitions and assess-
ments of outcomes among the studies.
Finally, although there was no statistical
evidence of publication bias, the probability
of bias still exists as a consequence of the
low statistical power caused by the limited

quantity of included studies and because
the search strategy did not include unpub-
lished research results. This omission could
lead to either overestimation or underesti-
mation of the net effects of neuromuscular
blockade.

Conclusion

Overall, the results of this review and meta-
analysis suggest that magnesium sulfate as
an adjuvant to rocuronium in general
anaesthesia has the potential to reduce the
onset time of neuromuscular block and
improve intubation conditions, without
increasing the dose of rocuronium.
However, the results must be interpreted
with caution because of the clinical hetero-
geneity. Although there is no evidence to
suggest that magnesium sulfate is harmful
in the clinical doses used, there are also no
long-term studies examining the safety of
magnesium sulfate,>® and more RCTs and
high-quality studies are warranted in the
future. We await with interest the comple-
tion and publication of ongoing trials that
are currently investigating the efficacy of
magnesium sulfate as an adjuvant to
rocuronium in general anaesthesia.
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