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ABSTRACT

Objectives To evaluate the optimal dose of
succinylcholine for laryngeal mask airway (LMA) insertion
and all related morbidities.

Design Systematic review, meta-analysis and
metaregression of randomised controlled trials (RCTs).
Data source and study eligibility criteria A
comprehensive search of RCTs in the PubMed, Embase,
the Cochrane Library and the ClinicalTrials.gov registry

up to July 2016 and articles that evaluated the use of
succinylcholine chloride for LMA insertion were included in
the analyses. The relative risk (RR) and the corresponding
95% Cls were determined.

Intervention Succinylcholine as the coinduction agent
and the doses were divided into mini (<0.3mg/kg) and low
(0.3-1.0 mg/kg) doses for dose-dependent effect analyses.
Primary and secondary outcomes The primary outcome
was the first-attempt LMA insertion failure rate. Secondary
outcomes included all related adverse events.

Results Data from 10 RCTs comprising 625 participants
showed that succinylcholine reduced the first-attempt
LMA insertion failure rate (RR, 0.22; 95%Cl 0.12 to 0.43),
coughing and gagging (RR, 0.26; 95% Cl 0.15 to 0.45) and
laryngospasm (RR, 0.14; 95% Cl 0.05 to 0.39). The use

of succinylcholine did not result in a significant increase
of postoperative myalgia (RR, 2.58; 95% CI 0.79 to 8.44)
and did not reduce the risk of postoperative sore throat
(RR, 0.76; 95% Cl 0.55 to 1.03). Subgroup analysis further
showed that low-dose succinylcholine reduced the LMA
insertion failure rate and its related coughing and gagging
when compared with mini dose.

Gonclusion The use of succinylcholine compared with
none can facilitate LMA insertion and reduce insertion-
related reflexes without significant postoperative myalgia.
However, additional prospective studies with a larger
sample size are required to fully evaluate the dose-
dependent effect and complications of succinylcholine for
LMA insertion.

INTRODUCTION

The laryngeal mask airway (LMA) is widely
used as an airway maintenance device for
both adult and paediatric patients receiving

Strengths and limitations of this study

» This is the first systematic review and meta-analysis
to evaluate the possible dose dependent effect of
succinylcholine on laryngeal mask airway (LMA)
insertion and its associated complications.

» Heterogeneity test, sensitivity analysis, bias
assessment and metaregression were conducted.

» Moderate to low heterogeneity were observed for all
the outcomes.

» The types of LMA used were not all specified in the
primary studies.

» Only two studies were entered for dose-dependent
effect analyses with potential type Il error.

» The risk of publication bias cannot be totally
excluded due to the low number of primary studies
included, as well as unpublished negative studies.

general anaesthesia, as well as in the diffi-
cult airway algorithm and the emergency
room settings." Despite numerous modifica-
tions in the design and insertion techniques,
performing a successful smooth first-attempt
LMA insertion may still be challenging
at times, and according to recent studies,
the incidence of reinsertion or reposition
remains high.” > Multiple LMA insertion
attempts may lead to insertion-related
morbidities, including adverse haemody-
namic changes, airway trauma and potential
dangerous insertion-associated reflexes, such
as coughing, gagging and laryngospasm.*™®
The role of succinylcholine as a coinduc-
tion agent for tracheal intubation has been
well established,” as it provides excellent
airway relaxation without prolonged apnoea;
however, whether it will provide similar condi-
tion for LMA insertion is less clear. Recent
studies included those with minimal succinyl-
choline dose for LMA (as low as <0.3mg/kg)
were conducted but had yielded inconclusive
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results thus far.*'" Furthermore, controversy may exists
among anaesthesiologists regarding the use of neuromus-
cular blockers for LMA insertion in clinical practice. As
with different training or access to different LMA models,
so are with the use of muscle relaxants for LMA insertion.
Some would never use them, yet in other circumstances,
they may still be considered for LMA insertion.'?
Current evidence regarding the use of succinylcholine
for LMA insertion is lacking and further statistical anal-
ysis for its use may be warranted. The aim of this study is
to verify the optimal dose of succinylcholine for a smooth
insertion of LMA with minimal adverse effects through a
systematic review as well as a meta-analysis.

We therefore conducted a systematic review and
meta-analysis to evaluate the effect of succinylcholine on
LMA insertion first-attempt failure rate. In addition, our
study also evaluated succinylcholine associated adverse
events, such as postoperative sore throat. Other insertion
difficulties and insertion-related reflexes as well as the
incidence of postoperative morbidities were included as
secondary outcomes. Attempt was also made to evaluate
the possible dose-dependent effect of succinylcholine for
LMA insertion via subgroup and metaregression analyses.

METHODS

The current systematic review was conducted by following
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines."*

Inclusion criteria

Articles and abstracts were included if they (1) were
randomised controlled trials (RCTs), (2) evaluated the
use of succinylcholine versus no succinylcholine for
LMA insertion, doses were arbitrarily divided into low
(0.3-1mg/kg) or mini (£0.3mg/kg) dose for analyses
after considering the study by Naguib et al’’ (3) reported
any LMA insertion position and complications and (4)
listed all succinylcholine-associated adverse events.
Control groups included the use of a placebo, such as
normal saline, or none.

Exclusion criteria

RCTs were excluded from our meta-analysis on the basis
of the following criteria: (1) head and neck or airway
surgeries; (2) none scheduled surgeries; (3) emergency
settings and (4) different induction regimens between
the intervention and control groups. No age or language
limitations were applied in this study.

Search strategy and study selection

Two reviewers (YCL and CYC) conducted a comprehen-
sive literature search by using various databases, namely
PubMed, Embase, the Cochrane central register of
controlled trial databases, the ClinicalTrials.gov registry
(http://clinicaltrials.gov), for the period from 1990 up to
July 2016. Article selection was limited to human studies,
and no language restrictions were applied. An example
of search strategy can be found as online supplementary
appendix SI.

The keywords used for the medical subject heading and
text searches were laryngeal mask, laryngeal mask airway,
LMA, intubating laryngeal mask, LMA Unique, LMA
Flexible, LMA ProSeal, LMA Supreme, LMA Fastrach,
intubating LMA, ILMA, LMA CTrach, succinylcholine,
suxamethonium, scoline, anectine, anekain, celocurine,
chlorsuccillin, curacin, curalest, thiocholine, leptosuccin,
relaxin, succicholine, succinyl, succinyl asta, succinyl
forte, sukolin, sumetw, suxameton, suxametonio cloruro,
myoflex, pantolax, kyotensis, laryngospasm, myalgia, sore
throat, gagging and coughing. The related citations in the
PubMed search tool were used to broaden each search,
and the retrieved abstracts, study reports and related cita-
tions were all reviewed in detail.

Data extraction

Two reviewers (YCL and AHWL) independently extracted
baseline and outcome data, including the study design,
participant data, inclusion and exclusion criteria, type
of surgery and anaesthetic techniques, size and type of
the used LMA, LMA reinsertion or reposition, inser-
tion-related reflexes and any other complications. A third
reviewer (CYC) resolved any inconsistencies between the
findings of the two reviewers. To overcome a unit-of-anal-
ysis error, for two studies'” '® we split the ‘shared’ group
into two groups with smaller sample size and include two
(reasonably independent) comparisons, in accordance
with the recommendations of the Cochrane handbook.
(See  http://handbook.cochrane.org/chapter_16,/16_
5_4_how_to_include_multiple_groups_from_one_study.
htm for more information.)

Methodological quality appraisal

Two reviewers (AHWL and YCL) assessed the meth-
odological quality of each study on the basis of the
randomisation level, allocation concealment, blinding
of the patients and the outcome assessors, length of the
follow-up period, reporting of study withdrawals, perfor-
mance of an intention-to-treat analysis and other possible
sources of bias.

Outcomes and statistical and sensitivity analyses

The primary outcome was the rate of first-attempt LMA
insertion failure, as indicated by LMA reinsertion or repo-
sition. The secondary outcomes were insertion difficulties
(ie, tight jaws and incomplete mouth opening), unantici-
pated insertion-related reflexes (ie, coughing or gagging,
limb movements and laryngospasm) and postoperative
morbidities (ie, postoperative myalgia, postoperative sore
throat and hoarseness).

The collected data were entered and analysed using the
Review Manager V.5.3 (Cochrane Collaboration, Oxford,
UK). If necessary, SD were estimated according to the CI
limits or standard errors. The effect sizes of dichotomous
and continuous outcomes were reported as the risk ratio
(RR) and mean difference, respectively. The precision of
the effect sizes was expressed as a 95% CI. Dichotomous
outcomes were represented by arranging the observed
counts into fourfold (2x2) tables. The separation of data
into different tables or strata represents a subgrouping,
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for example, low dose or mini dose. A pooled risk across
the strata and the related CI were provided by Mantel-
Hansel method."”

In addition, we have also conducted meta-regression
to further evaluate the dose-dependent effect of succi-
nylcholine for LMA insertion. Fix or random effect was
used according to heterogeneity or statistical assessment
of data. For each individual study, the data for metare-
gression were used by group-level summary count data for
the cells of outcomes and the categorised doses (control;
low dose, 0.3—-1 mg/kg; mini dose, <0.3mg/kg of succi-
nylcholine) as the independent variable. In this case, the
measured effect estimates of risk ratio were ORs when we
took different designs into account.

We first elected to use the exact logistic regression
method for analyses as the fixed-effect estimates is more
robust and do not depend on asymptotic results which
used the standard maximum likelihood-based esti-
mator.'® Especially in the case when the sample size is too
small or when some of the cells have no observations. By
including fixed effects (group dummies), we controlled
for the average differences across groups or unobservable
predictors. Due to our study questions, the comparison
of doses was focused rather than the generalisability.
Furthermore, to model binary outcome variables in
which the log odds of the outcome is modelled as a linear
combination of the predictors. Log odds were modelled
by generalised linear mixed model (for random effect).
The random effects are achieved by specifying a correla-
tion matrix; it is assumed that all correlations between
individuals in the same cluster are the same (‘exchange-
able’ correlation matrix). SAS V.9.4 software was used for
the above analyses. Sensitivity analyses were performed
to assess the influence of the study quality on the effect
estimates.

We used the Cochrane Q test and I? statistics for eval-
uating the statistical heterogeneity and inconsistency of
treatment effects among the selected RCTs. The statistical
significance was set at 0.10 for the Cochrane Q tests. The
proportion of the total outcome variability that was attrib-
utal;le to the variability among the RCTs was quantified
as I".

RESULTS

Characteristics of the selected RCTs

Ten RCTs** 2 1 19%% inyolving a total of 625 participants
met the inclusion criteria. Figure 1 illustrates the RCT
screening and selection processes. Our initial search
yielded 1466 citations, of which 1213 were excluded after
an advanced screening of the titles and abstracts. After
reviewing the full text of the remaining 253 reports,
only 10 eligible RCTs fit our inclusion criteria and were
included in the study. The included RTCs were published
between 1997 and 2015, and the reported sample size
ranged from 60 to 75 patients. All selected studies were
from Asia, except for one.?* All trials recruited patients
according to the American Society of Anesthesiologists

(ASA) statuses I and II; however, one trial®’ recruited ASA
status I-III patients. The surgeries involved were mainly
elective genital urinary and short procedures, and five
studies® '° " 2 # did not specify the surgery type. Four
studies®® ' ** specified information on the LMA size and
one study® reported the LMA type. Four studies®*'* **
indicated an experienced anaesthesiologist as the LMA
inserter.

Seven studies used propofol as the induction
agent of choice; two used etomidate, and one? used
thiopental. Succinylcholine groups were compared with
control groups in all trials. Two studies'® '® compared
two succinylcholine dose groups. Seven® ' '® 2% and
five® 17 101924 grudies employed mini (£0.3mg/kg) and
low (0.3-1mg/kg) doses of succinylcholine, respectively,
and none used doses>1mg/kg. Five studies® ® '® %% #
used nitrous oxide (N,O) for maintaining anaesthesia.
Nine studies®” '"'? #*** collected data on the number of
insertion attempts. Ten studies assessed mouth opening,
airway reflexes, patient movements and overall insertion
conditions, while eight trials® * ' **** measured post-
operative morbidities. Two studies® ** had mixed data
reporting. Length of postoperative follow-up for myalgia
was recorded in 6 of the 10 studies.”'* '°***' *> Additional
information on the patient characteristics, anaesthetic
techniques, surgical procedures and the interventions
adopted is listed in table 1.

Table 2 provides a summary of the methodolog-
ical assessment of the included trials. None of the
studies specified the allocation generation or conceal-
ment methods. Two® ** and four' ' ?' # studies were
double and provider blinded, respectively, whereas the
remaining studies® '’ ** did not mention the blinding
method. All 10 studies performed a per-protocol anal-
ysis. Potential sources of bias and limitations included
non-disclosure of the sex percentage,2 2021 LMA
types,” 1> 10 191 LMA size,” '° **** the LMA inserter'®™*
and surgery type” '® 19 21 2 2 a9 ell as mixed data
reporting.

2316 22 25-27
23 24

First-attempt failure rate

Nine studies” * '® '** reported the incidence of LMA
reposition or reinsertion, and the results indicated that
overall succinylcholine use reduced the first-attempt
LMA insertion failure rate, with an RR of 0.22 (95% CI
0.12 to 0.43; I’=57%; p<0.01). The RRs were 0.29 (95%
CI 0.17 to 0.52; I°=31%; p<0.01) and 0.10 (95% CI 0.02
to 0.69; 1>=76%; p=0.02) for the mini and low doses of
succinylcholine, respectively (figure 2). The absolute
first-attempt LMA insertion success rate increased from
43% (108/250) to 88% and 94% for the mini and low
doses of succinylcholine, respectively. Furthermore, a
direct comparison derived from two RCTs indicated that
the low dose succinylcholine reduced first time inser-
tion failure rate and offered stronger protection against
coughing and gagging than that of the mini dose of succi-
nylcholine (table 3).
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PubMed (n=739)
EMBASE (n=678)
Cochrane (n=109)

Studies identified in literature search (n=1526)

Y

A 4

Exclusion of duplications (n=18)

Search for potentially relevant trials (n=1508)

Studies excluded after reading titles
and abstracts (n=1237)

A\ 4

Studies retrieved for further
evaluation (n=271)

\ 4

\4

Included studies (n=10)

Figure 1 Flowchart of the study selection process.

Incidence of insertion difficulty and unanticipated insertion-
related reflexes

Table 4 provides a summary of all other measured
outcomes. The incidence of incomplete mouth opening
decreased with the overall use and mini dose of succinyl-
choline, with RRs of 0.34 (95% CI 0.17 to 0.67; 1°=87%;
p<0.01) and 0.84 (95% CI 0.14 to 0.81; I’=88%; p=0.01),
respectively. However, the low dose of succinylcholine did
not provide significant improvement, with an RR of 0.22
(95% CI 0.01 to 8.46; 1°=93%; p=0.41).

Compared with the control groups, overall succinyl-
choline use provided significant protection against the
occurrences of coughing and gagging,® > " 1 1 limb
movements® "> '* 1% and laryngospasm,® '° 1° 2" with
RRs of 0.26 (95% CI 0.15 to 0.45; I’=65%; p<0.01), 0.39
(95% CI 0.26 to 0.60; ’=46%; p<0.01) and 0.17 (95% CI
0.07 to 0.41; I’=0%; p<0.01), respectively. The low doses of

v

Not relevant (n=583)
Review (n=13)
Comment (n=229)
Case (n=67)

Protocol or pilot (n=28)
Non-human (n=317)

Studies excluded (n=261)
Not controlled (n=12)
Different drug (n=17)
Different anesthetic model (n=6)
Different airway management (n=78)

Different research aim (n=148)

succinylcholine only offer significant protection against
coughing and gagging, with an RR of 0.17 (95% CI 0.07
to 0.42; ’=0%; p<0.01).

Incidence of postoperative morbidities

21020212524 ¢howed that overall succinylcholine
use did not achieve statistical significance for the protec-
tion against postoperative sore throat in all groups, with
a pooled RR of 0.76 (95% CI 0.55 to 1.03; I’=0%; p=0.08)
(figure 3).

Compared with the control groups, postoperative
myalgia did not increase with the overall use, mini dose
or low dose of succinylcholine, with RRs of 2.58 (95% CI
0.79 to 8.44; I’=64%; p=0.12), 2.54 (95% CI 0.61 to 10.64;
°=68%; p=0.20) and 2.78 (95% CI 0.51 to 15.05; I*=0%;
p=0.24),respectively (figure 4). The results regarding post-
operative myalgia obtained through a direct comparison

Six studies
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Table 2 Methodological quality assessment of the selected trials

Random Incomplete
sequence Allocation outcome Data
First author Country generation concealment Blinding data analysis Other sources of bias
Aghamohammadi®®  Iran ? ? Double - PP Mixed data of myalgia and
sore throat
Chae®* Korea ? ? ? + PP No details on sore throat
Cheng'® Singapore ? ? Provider - PP ?
Ho?® China ? ? Provider - PP ?
Jain® India ? ? Double - PP ?
Shahin®' India ? ? Provider - PP Significantly different
propofol induction dose
Liou® Taiwan ? ? ? - PP Three patients lost to
follow-up
Salem? Egypt ? ? ? + PP Mixed data of fasciculation
and myalgia
Yoshino'™® Japan ? Provider - PP ?
Yu'® Taiwan  ? ? - PP ?

PP, per protocol.

between the low and mini doses showed a non-signifi-
cantly increased RR of 1.47 for low dose (95% CI 0.32 to
6.84; 1°=33%; p=0.62) (table 3). No studies reported any
severe complications such as malignant hyperthermia.

Sensitivity analysis

Table 5 lists potential sources of bias and limitations of
the selected RCTs, including (1) using an induction drug
other than propofol,” "' (2) administering a propofol
induction dose >2mg/kg,”**** (3) no specification of the
LMA inserter,'®'*?* (4) using N,O for maintaining anaes-
thesia?® °# % and (5) use of induction opioids.16 2028 Ap
analysis of the results showed no influence of the potential

sources of bias on the primary outcome, with the excep-
tion of unspecified LMA inserter. In terms of the secondary
outcomes, the incidences of incomplete mouth opening,
limb movement, postoperative myalgia and sore throat
did not decrease with succinylcholine use when the
studies with an unspecified LMA inserter were excluded.
The incidence of postoperative myalgia was increased
if studies with induction opioids were excluded. By
contrast, succinylcholine use showed a protective effect
against postoperative sore throat when the studies using
induction agents other than propofol and using N,O for
maintaining anaesthesia were excluded.

ScC Control Risk Ratio Risk Ratio
Study or Subaroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 mini dose
Aghamohammadi 2013 330 14 0 111% 0.21[0.07, 0.67] -
Cheng 2002 1 20 8 10 B.8% 0.06[0.01,0.43] -
Ho 1959 2 30 10 30 9.3% 0.20[0.05, 0.84]
Jain 2015 4 25 11 25 121% 0.36[0.13,0.99] -
Salem 2000 2 20 g 20 9.4% 0.25[0.06,1.03] -
Shahin 2010 1 30 ] 3o 6.2% 0.20[0.02,1.61] I
‘Yoshino 1999 g 20 B 10 13.8% 0.67 [0.32,1.39]
Subtotal (95% CI) 175 155 68.8% 0.29 [0.17, 0.52] -
Total events 21 62

Heterogeneity: Tau*= 018, Chi*=8.72, df=6 (P=019), F=31%
Test for averall effect: Z=4.20 (P < 0.0001)

1.1.2 low dose

Chae 1997 ] 35 B 35 11.9%
Cheng 2002 1] 20 g 10 4.2%
Liou 2004 o 20 19 20 43%
Yoshino 1999 1 20 6 10 B7%
Yu 2005 o 20 7200 41%
Subtotal (95% CI) 115 95 31.2%
Total events 7 46

Heterogeneity: Tau®= 3.35; Chi*=16.36, df= 4 (P = 0.003); F=76%
Testfor overall effect: Z=2.34 (P=0.02)

Total (95% CI) 290 250 100.0%
Total events 28 108

Heterogeneity: Tau®= 0.67; Chi*= 25.67, df= 11 (P = 0.007); F= 57%
Test for averall effect: Z=4.48 (P = 0.00001)

Test for subgroup differences: Chi*=1.06, df=1 (P =0.30), F=59%

1.00 [0.36, 2.50] T

0.07[0.00,1089) ———————7
0.10 [0.02, 0.69] ————

0.22[0.12, 0.43] -

4 4 I
t t

0.005 0.1 1 10 200
Favours SCC Favours control

Figure 2 Incidence of LMA reposition or reinsertion. LMA, laryngeal mask airway.
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Table 3 Outcome comparison of the low and mini doses of
succinylcholine™ '®

Outcome RR 95%Cl 12 p Value
Reposition or 0.14 0.02to00.77 0% 0.02
reinsertion

Incomplete mouth  0.80 0.52 to 1.25 0% 0.33
opening

Coughing and 0.21 0.07 to 0.60 0% <0.01
gagging

Postoperative 1.47 0.321t06.84 33% 0.62
myalgia

Number of participants=80; Low dose=0.3—-1 mg/kg; mini dose
<0.3mg/kg.

Meta regression

Table 6 presented the meta-regression analyses of the
dose-dependent effect of succinylcholine on all measured
outcomes. Low and mini doses of succinylcholine are
both effective in reducing the first attempt LMA insertion
failure rate, with the respective pooled RRs of 0.05 (95%
CI 0.02 to 0.10; p<0.05) and 0.13 (95% CI 0.08 to 0.23;
p<0.01) for fixed effect model; and 0.07 (95% CI 0.004 to
1.11; p=0.0596) and 0.17 (95% CI 0.10 to 0.31; p<0.0001)
for random effect model.

DISCUSSION

This meta-analysis showed that the overall succinylcho-
line use reduced the incidence of LMA repositioning or
reinsertion. Although succinylcholine did not alleviate
LMA insertion-related postoperative sore throat, it did
not increase the incidence of postoperative myalgia as
may be anticipated.

Non-pharmacological strategies for improving the inser-
tion success rate and reducing the associated complications
included modifying the LMA design, the degrees of LMA
inﬂation,25 prewarming the LMA® and the development
of various insertion techniques.25 % However, a strategy for
effortless anaesthetic induction with reduced morbidities
is also required as LMA insertion-related complications,
including laryngospasm,” airway obstruction® and soft
tissue trauma resulting in pneumomediastinum4 are still
been reported.

In terms of inhalational induction for LMA anaes-
thesia, desflurane was comparable with sevoflurane
in terms of related airway adverse events.” In intra-
venous induction settings, sevoflurane supplemented
with propofol increased the first-attempt success rateg();
moreover, when compared individually, propofol was
preferred for LMA insertion because of its more favour-
able anaesthetic characteristics and higher patient
satisfaction.” Compared with propofol, etomidate had
increased excitatory phenomena, such as gagging and
myoclonus,” '° ** whereas thiopental showed increased
laryngospasm, gagging and head movement.”> In our
study, a sensitivity analysis done aimed at minimising bias
generated by the use of non-propofol induction agents
had shown that succinylcholine may offer protection
against LMA insertion-related postoperative sore throat.

In addition to induction anaesthetics, various coinduc-
tion agents, such as benzodiazepines, muscle relaxants,
opioids among others, had been proposed to facilitate
effortless LMA insertion. Narcotic use with propofol
induction is now fairly standard when inserting an LMA,
however, only 3 out of the 10 selected studies recorded
its use'® * ?! and lidocaine was used in one study.'
Regarding coadministered muscle relaxant; studies with

Table 4 Summary of all other outcomes

Outcome: subgroups Studies (n) Patients (n) Risk ratio (95% Cl) I? p Value
Incomplete mouth opening
Overall g2315161921-23 410 0.34 (0.17 to0 0.67) 87% <0.01
Low dose PBik 100 0.22 (0.01 to 8.46) 93% 0.41
Mini dose g2151619-23 310 0.34 (0.14 to 0.81) 88% 0.01
Cough and gagging
Overall g23151619-23 470 0.26 (0.15 to 0.45) 65% <0.01
Low dose 48151619 140 0.17 (0.07 to 0.42) 0% <0.01
Mini dose 72315162021 330 0.29 (0.15 to 0.54) 73% <0.01
Limb movements
Overall g231619-23 410 0.39 (0.26 to 0.60) 46% <0.01
Low dose ik 110 0.21 (0.04 to 1.24) 77% 0.09
Mini dose 62162023 300 0.43 (0.29 to 0.64) 29% <0.01
Laryngospasm
Overall 728162023 390 0.17 (0.07 to 0.41) 0% <0.01
Low dose 21518 60 0.32 (0.04 to 2.43) 0% 0.27
Mini dose 728162023 330 0.14 (0.05 to 0.39) 0% <0.01
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sSCC Control Risk Ratio Risk Ratio
Study or Subaroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
3.1.1 mini dose
Aghamohammadi 2013 13 30 20 30 41.4% 0.65 [0.40, 1.05] —
Cheng 2002 ] 20 4 10 11.8% 1.13[0.46, 2.77] -
Ho 1998 1] 30 4 30 T1% 1.50[0.47, 4.78] -1
Jain 2015 1 25 2 25 1.8% 0.50[0.05,5.17]
Shahin 2010 g 30 10 30 158% 0.80[0.37,1.74] T
Subtotal (95% CI) 135 125 77.9% 0.79[0.56,1.12] .’
Total events 37 40
Heterogeneity: Tau®= 0.00; Chi*= 2,60, df= 4 (P=0.63); F= 0%
Testfor overall effect Z2=1.31 (F=0.19)
3.1.2 low dose
Chae 1997 5 35 12 35 11.0% 0.42[0.16, 1.06] ]
Cheng 2002 ] 20 4 10 111% 1.00[0.39, 2.53 — 1T
Subtogtal (95% CI) 55 45 221% 0.65 [[0.27, 1.55j]| -
Total events 13 16
Heterogeneity: Tau*= 017, Chi*=1.76,df=1 (P=019), F= 43%
Test for overall effect Z=0.98 (P =0.33)
Total (95% CI) 190 170 100.0% 0.76 [0.55,1.03] S 4
Total events 50 56
Heterogeneity: Tau®= 0.00; Chi*= 4 53, df= 6 (P = 0.61); F= 0% 0 02 D=1 ; 1’0 50‘

Test for overall effect Z=1.77 (P = 0.08)
Test for subgroup differences: Chi*= 018, df=1 (F=067), F=0%

Figure 3 Incidence of postoperative sore throat.

non-depolarising agents showed benefit but at the cost of
prolonged apnoea.”™™ Yet, a 2004 study reported a full
dose of cisatracurium both failed to improve the first-at-
tempt LMA insertion success rate and did not reduce
the incidence of pharyngolaryngeal discomfort under
mechanical ventilation.” In contrast, findings regarding
the potential positive effect of depolarising muscle
relaxants on LMA insertion have been more consis-
tent.? ¥ 19202139 gyccinylcholine offers rapid, intense yet
brief muscle relaxation; thus, so its use may be suitable
for LMA anaesthesia.

The notion of using lower doses of succinylcholine for
intubation is favoured for minimising undesirable side
effects such as a prolonged apnoea time and postoperative

Favours SCC Favours control

myalgia.'” Succinylcholine doses of approximately 0.3 mg/
kg have been shown to achieve acceptable intubation
conditions without additional side effects relative to the
traditional intubation dose of 1 mg/kg."”**! In our study,
we also attempted to explore the possibility of using lower
dose of succinylcholine for LMA insertion. Mini doses of
<0.3mg/kg were shown to be sufficient in reducing the
first attempt LMA insertion failure rate (70% risk reduc-
tion) with a reduced incidence of coughing, gagging.
Low doses (0.3-1mg/kg) offered even better success rate
(88% risk reduction).

Postoperative sore throat is a minor but relevant
morbidity, as it is ranked as the fifth frequent anaesthetic
outcome to have occurred.”” Although our result did

scc Control Risk Ratio Risk Ratio
Study or Subaroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
6.1.1 mini dose
Aghamohammadi 2013 13 30 20 30 21.8% 0.65[0.40, 1.05] ]
Cheng 2002 4 20 1 10 13.5% 2.00[0.26, 15.62] - 1 -
Ho 1998 7 30 1] 30 9.9% 15.00([0.89, 251.42] >
Jain 2015 5 25 0 25 9.8% 11.00[0.64,188.95)]
Shahin 2010 3 30 1] 30 9.5% 7.00[0.38,129.93]
Yoshino 1999 2 20 1 10 12.3% 1.00[0.10,9.75 I
Subtotal (95% Cl) 155 135 76.8% 2,54 [0[.61, 10.64} "."
Total events 34 22
Heterogeneity: Tau®=1.93; Chi*=15.68, df=5 (P =0.008), F= 68%
Test for overall effect: Z=1.28 (P=0.20)
6.1.2 low dose
Cheng 2002 3 20 1 10 131% 1.50[0.18,12.65] - 1
Yoshino 1999 720 0 10 101% 7.86[0.49,125.16]
Subtotal (95% CI) 40 20 23.2% 2.78[0.51,15.05] —~i———
Total events 10 1
Heterogeneity: Tau®= 0.00; Chi*=0.95, df=1 {P=0.33); F=0%
Test for overall effect Z=1.19 (P =0.24)
Total (95% CI) 195 155 100.0% 2.58[0.79, 8.44] i
Total events 44 23
Heterogeneity: Tau?= 1.61; Chi*= 18,46, df= 7 (P = 0.007); *= 64% P in 0’1 : 1’0 160

Testforoverall effect Z=1.57 (P=012)
Test for subgroup differences: Chi*=0.01, df=1 (P=094), F=0%

Figure 4 Incidence of postoperative myalgia.
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not show a significant benefit of succinylcholine against
sore throat, it nevertheless showed a trend of possible
protection (figure 3). Furthermore, N,O had been shown
to cause an elevated cuff pressure, which can be an
important contributing factor for LMA-associated post-
operative sore throat.* * Our sensitivity analysis revealed
a protective effect of the use of succinylcholine against
postoperative sore throat when the studies with N,O use
were excluded.?? 0% %

The exact mechanism of succinylcholine-associated
postoperative myalgia is unclear,"! **" but it is associ-
ated with factors such as male sex, the use of propofol,
muscular fitness of the individual, the dose of succinylcho-
line, intraoperative positioning and early ambulation.*® *
Our results failed to demonstrate a significant association
between the use of succinylcholine and postoperative
myalgia, nevertheless, a positive correlation between the
two was observed, especially when induction opioids were
excluded as was shown in our sensitivity analysis (table 5).

Difficulties with the control group data in two studies
were encountered. In one,” the incidence of myalgia in
the control group is 100%, and the reason for this obser-
vation was not clear from the original script. And in the
other,” the mixed data of postoperative myalgia and sore
throat in the control group, of which we elected to use
the same incidence for control groups of both outcomes.

Sensitivity analysis after excluding unspecified LMA
inserter further showed the use of succinylcholine only
reduced the incidences of coughing and gagging as well
as laryngospasm. This may imply that for seasoned anaes-
thesiologist, the beneficial effects of succinylcholine may
be less relevant for a smooth LMA insertion. This rein-
forces the notion that operator experience and training
are probably the most important considerations for a
successful LMA insertion.

In our study, significant heterogeneity existed among
the selected RCTs, and it is attributable to several factors.
First, different hypnotic and peri-induction agents with
varying effects were used in the selected studies. Second,
the lack of data on the LMA inserters as well as the sex
distribution added to the heterogeneity. Last, the varied
clinical practices and non-uniformity of assessment tools
and assessors might have further contributed to the
heterogeneity among the studies.

This current analysis has several limitations that merit
discussion. First, the overall study sample was small,
comprising ten RCTs with a total of 625 participants.
Second, several selected trials lack essential information,
such as the blinding method, randomisation process and
the generation and concealment of allocation. Third, lack
of details on the type and size of the LMA is a potential
limitation, as different design and the generation or size
of LMA may all have an impact on the final result. Fourth,
methodological problems, such as using various propofol
induction doses, further added to the limitations. Fifth,
due to the limited information in the current study, we
cannot draw conclusion on the dose-dependent effect
of succinylcholine. Finally, all selected studies were from

Liao AH-W, et al. BMJ Open 2017;7:€014274. doi:10.1136/bmjopen-2016-014274
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Table 6 Metaregression of dose-dependent effect on all outcomes

Fixed effect model* Random effect modelt

Outcome: Pooled Pooled
Subgroups Studies (n) Patients (n) RR 95% ClI p Value RR 95% ClI p Value
LMA reinsertion or reposition

Low dose 5815161924 210 0.04 0.02 t0 0.10 <0.0001 0.07 0.004 to 0.0596

1.11

Mini dose 62 191621-23 330 0.13 0.08 to 0.23 <0.0001 0.17 0.10 t0 0.31 <0.0001
Incomplete mouth opening

Low dose 381518 100 0.06 0.03 to 0.11 <0.0001 0.05 0.01t0 0.18 <0.0001

Mini dose g2 19162123 270 0.20 0.12 t0 0.33 <0.0001 0.13 0.04 t0 0.39 0.0003
Cough and gagging

Low dose 381619 110 <0.01 NA <0.0001 NA NA NA

Mini dose 7ailazs 300 0.13 0.08 to 0.23 <0.0001 NA NA NA
Limb movements

Low dose 331619 110 0.04 0.02 to 0.08 <0.0001 0.13 0.04 to 0.40 0.0004

Mini dose 72161923 300 0.19 0.12 t0 0.31 <0.0001 0.23 0.13t0 0.41 <0.0001
Laryngospasm

Low dose 21816 60 0.03 <0.001t0  <0.0001 0.38 0.28 t0 0.51 <0.0001

0.16

Mini dose 7215182228 33 0.08 0.02 to 0.26 <0.0001 0.08 0.03t0 0.19 <0.0001
Myalgia

Low dose 21516 60 0.40 0.16 t0 0.91 0.03 3.47 0.73 to 0.12

16.49

Mini dose 621916202123 9gp 1.61 0.87 t0 3.04 0.14 1.80 0.42t07.79 0.43
Sore throat

Low dose 21624 100 0.17 0.08 to 0.33 <0.0001 0.52 0.26 t0 1.03 0.06

Mini dose 5216202123 260 0.57 0.34 t0 0.95 0.03 0.71 0.46to 1.12 0.14

*Fixed effect model was analysed by using the exact logistic regression.

TRandom effect model was analysed by using the general linear mixed model.

LMA, laryngeal mask airway; NA, not applicable; RR, risk ratio.

Asia except for one,” thus potential ethnicity-related bias
may exist and limits the extrapolation of our results to the
other regions.

The strength of this study is that as far as we know, it is
the first systematic review and meta-analysis evaluating the
both the role of succinylcholine and its possible dose-de-
pendent effect on LMA insertion.

In conclusion, succinylcholine is effective in reducing
first attempt LMA insertion failure rate without signif-
icant side effects. Although the beneficial effect of
mini-dose succinylcholine for LMA insertion and cough
reduction is less than low dose, it nevertheless offered
clinical benefit compared with none. Additional prospec-
tive studies with a larger sample size are required to fully
evaluate the dose-dependent effects of succinylcholine
for LMA insertion.
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