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Pharmacological and non-pharmacological intervention for
rocuronium-induced withdrawal movement in the Korean
population: a meta-analysis of 41 studies including 4,742
subjects
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Background: We purposed to systemically review studies investigating the prophylactic effect of both pharmacological
and non-pharmacological modalities against rocuronium induced withdrawal movement (RIWM) in the Korean popu-
lation.

Methods: Literature search was performed using MEDLINE, EMBASE, CENTRAL, Koreamed, KMBASE, KISS and
RISS up to March 2014. Randomized controlled trials (RCTs) comparing pharmacological and non-pharmacological
interventions with placebo aimed for the Korean population were included. Outcome measures were the incidence and
severity of RIWM. We conducted subgroup analyses according to each intervention method.

Results: Data were analyzed from 41 RCTs totaling 4,742 subjects. The overall incidence of RIWM was about 80% (range
56-100%). Incidence and severity of RIWM were significantly reduced with lidocaine (risk ratio [RR] 0.60, 95% CI 0.49-
0.74; standardized mean difference [SMD] —0.74, 95% CI —1.05 to —0.44), opioids (RR 0.28, 95% CI 0.18-0.44; SMD
—1.71, 95% CI —2.09 to —1.34) and hypnotics (RR 0.36, 95% CI 0.25-0.52; SMD —2.20, 95% CI —2.62 to —1.79). Re-
gardless of tourniquet use, lidocaine showed a prophylactic effect against incidence and severity of RIWM: tourniquet (RR
0.36, 95% CI 0.21-0.62; SMD —1.51, 95% CI —2.15 to —0.86); non-tourniquet (RR 0.58, 95% CI 0.47-0.71; SMD —0.74,
95% CI —1.05 to —0.44). Dilution and slow injection of rocuronium decreased incidence and severity of RIWM: dilu-
tion (RR 0.47, 95% CI 0.39-0.56; SMD —1.64, 95% CI —2.47 to —0.81); slow injection (RR 0.34, 95% CI 0.17-0.70; SMD
—2.13,95% CI —2.74 to —1.51).

Conclusions: The greater part of pharmacological and non-pharmacological interventions showed prophylactic effect
against the incidence and severity of RIWM in the Korean population. (Korean J Anesthesiol 2014; 66: 419-432)
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Rocuronium withdrawal response in Korean

Introduction

Rocuronium is a non-depolarizing muscle relaxant with a
rapid onset and an intermediate duration of action, which is
used widely during induction of general anesthesia [1]. How-
ever, it is often associated with injection pain, the cause of which
is unclear. A number of studies have reported rocuronium injec-
tion pain, with an incidence of up to 80% [2-4]. Rocuronium
injection pain can appear as a withdrawal movement of pa-
tients during induction of general anesthesia [5]. Rocuronium-
induced withdrawal movement (RIWM) may be dangerous
because it can lead to difficult intravenous injection of the drug
and increase the risk of a patient falling out of bed. Pulmo-
nary aspiration by regurgitation of gastric content secondary
to RIWM in a pediatric patient has been reported [6]. Thus,
many pharmacological and non-pharmacological interventions
have been investigated in an attempt to reduce RIWM; results
were variable. Interestingly, most studies of RIWM prevention
were aimed at the Korean population. A previous meta-analysis
evaluated the incidence of RIWM by pharmacological interven-
tion, but the literature search was based only on international
databases and participant race was not restricted [7].

Therefore, we systemically reviewed studies that investigated
the prophylactic effect of both pharmacological and non-phar-
macological methods against RIWM in the Korean population
using international and domestic databases. The prophylactic
effect against the incidence of RIWM of the proposed interven-
tion methods was the primary outcome; RIWM severity was
also assessed.

Materials and Methods
Literature search

This study was conducted using the protocol recommended
by the Cochrane Collaboration and the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses statement [8,9].

The search was performed in March 2014 through: do-
mestic databases including Koreamed (http://www.koreamed.
org), KMBASE (http://kmbase.medric.or.kr), KISS (http://kiss.
kstudy.com), and RISS (http;//riss4u.net); international data-
bases including EMBASE, MEDLINE, and CENTRAL were
also searched. The international database search was performed
using the terms “rocuronium” AND (“injection pain” OR “with-
drawal”). It was difficult to identify potentially relevant litera-
ture in the domestic database; therefore, the domestic database
search was performed using the term “rocuronium” to increase
sensitivity, and articles were excluded manually. The reference
lists of all identified reports were also searched manually.
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Study selection

Studies included in our analysis were selected based on the
following criteria. (1) Peer-reviewed randomized controlled tri-
als (RCTs), (2) studies that compared any type of intervention
group with a control group (no treatment or normal saline) to
prevent or decrease RIWM, (3) reported outcome measures for
the incidence or severity of RIWM and (4) written in Korean or
English. Review articles, case reports, case-series, letters to the
editor, commentaries, proceedings, laboratory science studies,
and any non-relevant studies were excluded from the analysis.
Two authors (G.J.C. and S.G.P.) independently selected eligible
studies, and discussed any differences of opinion to arrive at a
consensus as to whether a study should be included or excluded.
Disagreement over inclusion or exclusion was settled by discus-
sion with another author (H.K.). Based on the predetermined
selection criteria, two of the authors (S.L. and J.H.L.) indepen-
dently selected all trials retrieved from the databases and bibli-
ographies. Disagreements between evaluators were resolved by
discussion or in consultation with a third author (H.K.).

Data extraction

Two authors (G.J.C. and S.G.P) independently extracted the
following data using standardized data extraction form from the
studies included in the final analysis: patient characteristics, age,
rocuronium dose, intervention categories (pharmacological and
non-pharmacological), intervention method, and grading sys-
tem for RIWM severity. In cases of insufficient or missing data,
data were selected either from the text or from tables, or when
possible, calculated from the relevant data within the study.

The intervention categories were: pharmacological, includ-
ing lidocaine, opioids (remifentanil, alfentanil, and fentanyl),
sodium bicarbonate, hypnotics (thiopental and ketamine),
inhalation anesthetics and other drugs; non-pharmacological,
including venous occlusion, dilution, administration velocity,
and temperature. The methods of intervention were: pretreat-
ment (pharmacological administration before rocuronium
injection); admixture (pharmacological administration mixed
with rocuronium); inhalation; administration with venous oc-
clusion using a tourniquet; dilution of rocuronium; and different
velocities of rocuronium administration (slow or fast); and low
temperature rocuronium.

The incidence of RIWM was the primary outcome in this
meta-analysis, and severity of RIWM was the secondary outcome.
We calculated means and standard deviations to evaluate RIWM
severity for studies that used an ordinal scale with incidence. We
combined all interventional groups for dose-dependency studies
that included more than one interventional group to avoid mul-
tiple counting of the same individuals in the control group.
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Assessing the risk of bias

The quality of eligible studies was assessed independently by
two authors (S.L. and J.H.L.) using the “risk of bias” tool pro-
vided in the Review Manager ver. 5.1 software (The Cochrane
Collaboration, Oxford, UK). Quality was evaluated based on the
following six potential sources of bias: random sequence genera-
tion; allocation concealment; blinding of participants; blinding
of the outcome assessors; incomplete outcome data; and selec-
tive reporting. The methodology for each trial was graded as
“high”, “low” or “unclear’, to reflect a high risk of bias, low risk
of bias, or uncertainty of bias, respectively.

Data synthesis and analysis

We computed the pooled risk ratio (RR) with corresponding
95% confidence interval (CI) for dichotomous data, and stan-
dardized mean difference (SMD) or mean difference (MD) with
a 95% CI for continuous data. We used the chi-square (chi’) test
for homogeneity and the I test for heterogeneity. We regarded
a level of 10% significance (P < 0.1) in the chi-square statistic or
an I’ > 50% as considerable heterogeneity, and used the Mantel-
Haenszel random-effect model. Otherwise, the Mantel-Haenszel
fixed-effect model was applied [8,10].

Subgroup analyses were performed according to the follow-
ing characteristics: intervention method; opioid type; tourniquet
use; and age group (adults or children). We also conducted a
sensitivity analysis to evaluate the influence of the individual

306 Records identified through database searching
(international = 262, domestic = 44)

v

259 Records
after 47 duplicates removed

v

Choietal.

studies on the overall effect estimate by excluding one study at a
time for outcomes with considerable heterogeneity.

Funnel plots were drawn for each dataset as a measure of
publication bias across studies, and were assessed visually for
symmetry. Considering the small study effect, we also estimated
publication bias using Egger’s linear regression test. If the funnel
plot was asymmetrical or if the P value was < 0.1 by Egger’s test,
the presence of publication bias was considered, and trim and
fill analyses were performed.

We performed all analyses using the Review Manager ver. 5.1
software (The Cochrane Collaboration, Oxford, UK) and Com-
prehensive Meta-analysis ver. 2.0 software (Biostat, Englewood,
NJ, USA).

Results
Literature search and study characteristics

We extracted 262 records from international databases and
44 records from domestic databases. We excluded 47 duplicates
between the international and domestic databases. After 183 articles
were excluded by screening the titles and abstracts, 76 full-text
articles were evaluated. Of the 76 full-text articles, 35 were ex-
cluded because of the following: not of interest (n = 24); no con-
trol group (n = 9); meta-analysis (n = 1); and letter to the editor (n
= 1). Finally, 41 articles were included in this systematic review
(Fig. 1). Relevant characteristics of the trials included are given
in Table 1.

259 Records screened
with titles and abstracts

183 Records excluded

l

76 Full-text articles
assessed for eligibility

Excluded (n = 35);
not of our interest (n = 24)
no control group (n = 9)
meta-analysis (n = 1)
letters to editors (n = 1)

l

41 Studies included
for systematic review
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Fig. 1. Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) flow chart showing the
numbers of abstracts and articles identified
and evaluated during the review process.
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Table 1. Characteristics of Studies of the Efficacy of Pharmacological or Non-pharmacological Interventions in Terms of Reducing or Preventin-
grocuronium-induced withdrawal Movement

Type of

RCT methods Age group  Intervention Study drugs Number Age Weight Grading system
KR Cho P Adult Control N/S 1.5ml 40 49.0 + 14.1 60.0 £ 9.1 4 point scale (0-3)
2014 [31] Pre Palonosetron 0.075 mg 40 4944152  617+115
YH Jeon P Adult Control N/S 2 ml 35 46.8 +11.5 62.3+9.3 4 point scale (1-4)
2013 [11] ¢ Lidocaine 20 mg 35 485+131  59.7+83

(@] Ketorolac 10 mg 35 46.2+£16.3 61.9+9.4
ES Kim P Adult Control 100% O,, N/S 3 ml 50 3832+1573 62.8+11.1 4 point scale (0-3)
2013 [12] Pre 100% O,, lidocaine 0.5 mg/kg 50 3552+ 1557 613+133

I 67% N,0O, N/S 3 ml 50 41.86 £15.67 63.9+12.6
Y] Choi P Adult Control N/S 6 ml 31 394 +12.4 63.6+11.8 4 point scale (0-3)
2012 [13] o Remifentanil 1 pg/kg 32 42.7+9.8 61.9 +12.0

O Lidocaine 1.5 mg/kg 32 43.9+9.2 62.2+9.3
YH Shin P Adult Control N/S 5 ml 50 41.7 £ 11.5 65.0+13.3 4 point scale (0-3)
2011 [14] Pre Magnesium sulfate 5 mg/kg 50 418+ 124 64.9+13.3

Pre Magnesium sulfate 10 mg/kg 50 39.8+13.4 65.9 £ 12.1

Pre Magnesium sulfate 20 mg/kg 50 40.9 +£14.9 63.4+10.4
JS Yoon P Adult Control Placebo 43 58.9+8.3 64.9+9.9 4 point scale (0-3)
2011 [15] Pre Gabapentin 600 mg 43 60.0 + 5.2 63.8 £8.2
YH Shin NP Children Control Fast 5 sec 43 6.1+4.2 25.1+159 4 point scale (1-4)
2011 [16] S Slow 1 min 40 7.1+45 28.6£17.0

D Fast 5 sec, dilution with N/S 42 6.8+3.7 272 +15.6

(1 mg/ml)

JR Yoon P, NP Children Control N/S 2 ml 32 6.7+2.0 264+ 8.6 4 point scale (1-4)
2011 [17] Pre Remifentanil 0.5 pg/kg 32 6.5+1.9 258 +£7.2

¢} Remifentanil 0.5 ug/kg 32 6.0£22 23.8+8.2
SH Park P Children Control ~ Thiopental sodium 5 mg/kg 14 5 NA 4 point scale (1-4)
2011 [24] I Sevoflurane 1.5% 14 6.5 NA

I Sevoflurane 2.0% 14 6 NA

I Sevoflurane 2.5% 14 5.5 NA

I Sevoflurane 3.0% 15 5 NA
YH Jeon P Adult Control N/S 5 ml 39 454+ 11.1 61.9+9.7 4 point scale (1-4)
2010 [25] Pre Acetaminophen 50 mg 40 50.1 £10.6  62.0+8.3

Pre Lidocaine 40 mg 39 459 +14.2 61.2£8.8
YH Kim P Adult Control 5% glucose solution 1.5 ml 45 43.5+10.6 63.0 + 8.4 4 point scale (1-4)
2010 [18] Pre Nafamostat mesilate 2.5 mg 45 403+114  657+6.1
SS Lee P Adult Control Not mix 25 40.9 +10.8 58.4+10.5 4 point scale (0-3)
2009 [19] Mix Lidocaine 40 mg 25 382+132  59.3+8.1

Mix 8.4% SOBI 2 ml 25 39.0+13.9 57.9+9.5
HJ Lee P Adult Control N/S 2 ml 58 40.7 +13.0 62.0+10.7 4 point scale (1-4)
2009 [26] Pre Phemiramine 45.5 mg 62 425+119  63.5+137
JI Lee P Adult Control N/S 50 47.0+13.3 644+ 11.1 4 point scale (1-4)
2009 [27] Pre Lidocaine 1 mg/kg 50 435+133  650+119
JH Kim P Adult Control N/S 3 ml 36 48.7+16.2 64.4+16.1 4 point scale (1-4)
2009 [20] Pre Alfentanil 10 pg/kg 38 450+12.7  66.9+127

Pre Remifentanil 1 pg/kg 41 429+14.2 64.3£12.8
YC Lee P, NP Adult Control N/S 0.1 ml/kg, slow 10 sec 50 41.0+13.3 61.2+9.9 4 point scale (0-3)
2009 [21] Pre Lidocaine 1 mg/kg, slow 10 sec 50 41.7+11.3 63.7 £10.7

S N/S 0.1 ml/kg, fast 1 sec 50 434+12.0 59.8+9.6
JD Jung P Children Control N/S 3 ml 15 45+29 17.5+ 6.5 4 point scale (0-3)
2009 [32] Pre Remifentanil 0.3 pg/kg 15 42+27 16.8+5.9

Pre Remifentanil 0.5 pg/kg 15 41+238 17.4+6.1
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Table 1. Continued 1
Type of . . .
RCT methods Age group  Intervention Study drugs Number Age Weight Grading system

JY Lee P Children Control N/S 3 ml 28 712 23+10 4 point scale (0-3)
2009 [33] Pre Alfentanil 5 pg/kg 28 7+2 23+8

Pre Alfentanil 10 pg/kg 27 8§+3 26+9

Pre Alfentanil 15 pg/kg 27 7%2 25+9
HJ Kwak P Children Control N/S 5 ml 30 63+1.7 23.1+7.1 4 point scale (0-3)
2008 [34] o Remifentanil 1 pg /kg 30 6.7+ 1.6 24.6+638

O Lidocaine 1 mg/kg 30 6.6+1.7 239+48
SE Park P Adult Control N/S 5 ml 60 37.5+10.3 60.5+ 8.8 4 point scale (0-3)
2008 [35] Pre Lidocaine 1 mg/kg 60 414+93 60.5 + 8.5

Pre Alfentanil 10 pg/kg 60 40.7 £ 9.6 63.9+9.6
JY Kim P Children Control N/S 5 ml 30 7.0+2.0 24.7 £ 6.3 4 point scale (1-4)
2008 [28] Pre Remifentanil 0.5 pg/kg 30 59+ 1.6 240+ 6.6

Pre Remifentanil 1.0 pg/kg 30 7.0+ 15 252+55

Pre Alfentanil 10 pg/kg 30 6.0+ 1.6 220+57
SH Baek NP Children Control Fast 5 sec 30 55+2.2 27.5+10.7 4 point scale (0-3)
2008 [36] S Slow 1 min 30 6.5+2.6 28.5+9.5
BI Choi P Adult Control N/S 4 ml 30 42.8+10.3 59.1+16.6 4 point scale (0-3)
2008 [29] Pre Remifentanil 0.5 pg/kg 30 439+112  613+13.7

Pre Remifentanil 1.0 pg/kg 30 428 +11.4 56.9 £10.5
HY Cho P Adult Control N/S 0.1 ml/kg 20 37.8+11.0 64.1 +8.2 4 point scale (0-3)
2007 [61] Pre Lidocaine 0.5 mg/kg 20 39.1+£98 64.4 £10.5

Pre Lidocaine 1.0 mg/kg 20 40.3+11.0 64.0+7.6

Pre Fentanyl 1 pg/kg 20 39.1+9.5 63.8+8.4
JY Kim P Children Control N/S 5 ml 35 6.7 23.2 4 point scale (1-4)
2007 [30] Pre Remifentanil 1 ug/kg 35 7.2 25.8
AY Oh P Children Control NS 3 ml 38 6.2+2.7 22.6+9.4 4 point scale (1-4)
2007 [22] Pre Remifentanil 1 ug/kg 41 6.6+29 28.3+£15.2

Pre Alfentanil 10 ug/kg 44 6.5+29 27.1+12.8

Pre Fentanyl 2 pg/kg 41 6.0+37 234+128
YH Kim NP Adult Control Non-dilution 21 472+ 12.0 63.1+10.0 4 point scale (1-4)
2007 [37] D Dilution with N/S (5 mg/ml) 21 49.0+14.0  585+75

D Dilution with N/S (3.3 mg/ml) 21 41.5+14.6 59.1+7.3
YS Kim NP Adult Control Non-dilution 40 394+ 14.4 57.6 +7.4 4 point scale (0-3)
2007 [38] D Dilution with N/S (2 mg/ml) 40 4374139  59.7+68
SJ Park NP Children Control Non-dilution 30 9.5+3.0 383+ 13.1 4 point scale (0-3)
2006 [39] D Dilution with N/S (1 mg/ml) 30 10.0 £ 2.8 382+ 14.7

D Dilution with N/S (0.67 mg/ml) 30 89+3.1 347 £12.5
CM Woo NP Adult Control Fast 60 423+ 11.8 65.4 + 6.4 4 point scale (0-3)
2006 [40] S Slow 1 min 60 428+103  66.1+59
KS Kim P, NP Adult Control N/S 0.1 ml/kg 50 39.2 60.7+15.1 4 point scale (0-3)
2006 [23] Pre Lidocaine 1 mg/kg 50 36.7 67.6 £ 18.3

Adult Control ~ N/S 0.1 ml/kg 50 41.9 63.3£16.5
(¢} Lidocaine 1 mg/kg 50 349 62.4+17.5
Children Control ~ N/S 0.1 ml/kg 50 5.1 204 £6.2

Pre Lidocaine 1 mg/kg 50 5.3 20.1+6.4
HG Choi P Control Not mix 50 40.3+10.8 64.2+9.1 4 point scale (0-3)
2006 [41] Mix SOBI 1 ml 50 449+88 58.8 8.0

Mix SOBI 2.5 ml 50 46.2 +10.7 61.4+10.1

Mix SOBI 5 ml 50 43.2+104 61.3+9.2

Mix SOBI 7 ml 50 42.9 +10.6 63.1+11.6
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Table 1. Continued 2
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RCT rzzgfo(()ifs Age group  Intervention Study drugs Number Age Weight Grading system
SM Jung P Children Control N/S 5 ml 21 7.2+4.0 29.6+16.0 4 point scale (0-3)
2005 [42] Mix Lidocaine 100 mg 22 8.1+26 3234123

Mix 8.4% SOBI 5 ml 22 8.4+3.6 314+14.2
JT Park P Adult Control N/S 2 ml 45 41+ 15 61.2+9.4 4 point scale (0-3)
2005 [43] 0] Thiopental sodium 50 mg 45 43+ 15 61.3+£9.1
JD Jung P Children Control N/S 0.1 ml/kg 30 56+2.7 22.6+9.9 4 point scale (1-4)
2005 [44] Pre Lidocaine 0.1 ml/kg 30 7.8 3.1 27.5+11.7
YK Lee P Children Control N/S 0.5 ml 25 3.8+2.8 15.8 +6.8 4 point scale (0-3)
2004 [45] Pre Lidocaine 1 mg/kg 25 44+39 18.1+10.3

D Dilution with N/S (1 mg/ml) 25 41+3.0 17.1+9.4
SH Chang P Children Control N/S 0.05 ml/kg 34 6.2+32 26.1+12.0 Yes/No
2004 [46] Mix Lidocaine 1 mg/kg 34 6.8+2.5 269 £ 13.7

Mix Lidocaine 2 mg/kg 34 6.9+33 257 £11.1
SJ Kim NP Adult Control 20-24°C 120 43.8+151 61.85+82 4 point scale (0-3)
2004 [62] Cooling  4-5°C 120 417+ 141  63.8+99
SM Hwang P Adult Control Not mix 21 42+10.3 65.7+11.0 4 point scale (0-3)
2004 [47] Mix Lidocaine 40 mg 21 374139  58.1+6.8

Mix 8.4% SOBI 2 ml 20 37+12.0 629 +11.5
SH Cheong P Children Control N/S 1 ml 20 8.4+28 33.4+17.3 4 pointscale (1-4)
2003 [48] Pre Ketamine 0.5 mg/kg 20 6.4+29 244+11.8

Pre Ketamine 1 mg/kg 20 6.1+33 22.8+11.4
KS Kim P Children Control N/S 0.1 ml/kg 21 52+32 152 +5.2 5 point scale (1-5)
2002 [49] o) Lidocaine 0.1 Mg/kg 21 3.6+2.1 134 +48

Values are Numbers, Means (Standard Deviation), or Medians (Range). P: pharmacological method, NP: non-pharmacological method, pre:
pretreatment, mix: mixture, I: inhalation, D: dilution with N/, S: speed, O: occlusion, SOBI: sodium bicarbonate, NA: not applicable.

[ Low risk of bias

[ Unclear risk of bias

Il High risk of bias

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias) 1

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias) 1

0 25

Risk of bias

Thirteen studies mentioned the method of random sequence
generation [11-23], and 10 studies used allocation conceal-
ment [11,14,23-30]. Patients were blinded in 39 studies
[11-49], whereas outcome assessors were blinded in 25 stud-
ies [11-13,16-25,27-31,34-38,40,42]. Seven studies presented a
clear explanation for withdrawals and dropouts in each group
[12,13,15,16,24,25,33] (Fig. 2).

KIA

Fig. 2. Risks of bias summary table:
50 75 100  review author’s judgments of each risk of
% bias item for each of the studies included.

Results of the meta-analysis

The incidence and severity of RIWM according to the meth-
od of intervention are presented in Tables 2 and 3.

Lidocaine showed a prophylactic effect against both the in-
cidence and severity of RIWM (RR, 0.60; 95% CI, 0.49-0.74,
Pa’ < 0.0001, I* = 72%; SMD, —0.74; 95% CI, —1.05 to —0.44,
Pai < 0.00001, I = 76%, respectively). Both the incidence and
severity of RIWM decreased significantly in the lidocaine group
compared with that in the control group when lidocaine was
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Table 2. Summary of the Effects of Interventions on the Incidence of Rocuronium-induced Withdrawal Movement
No. of studies No. of patients R‘[eéast;: eCrII]S k HeteIr2c>(gO/§;1e1ty References
Pretreatment
Lidocaine 8 666 0.55 [0.43-0.71] 66 [12,21,25,27,35,44,45,61]
Remifentanil 6 451 0.17 [0.08-0.39] 87 [20,22,28,29,30,32]
Alfentanil 5 446 0.26 [0.17-0.40] 63 [20,22,28,33,35]
Fentanyl 2 119 0.84 [0.68-1.05] 0 [22,61]
Palonosetron 1 80 0.51 [0.36-0.74] NA [31]
Pheniramine 1 120 0.90 [0.75-1.07] NA [26]
Ketamine 1 60 0.32[0.19-0.55] NA [48]
Gabapentin 1 86 0.52 [0.31-0.87] NA [15]
Admixture
Lidocaine 4 237 0.74 [0.63-0.86] 33 [19,42,46,47]
SOBI 4 384 0.35 [0.20-0.60] 60 [19,41,42,47]
Inhalation
N,O 1 100 0.25[0.13-0.46] NA [12]
Sevoflurane 1 71 0.29 [0.17-0.50] NA [24]
Drugs with venous occlusion
Remifentanil 3 187 0.46 [0.19-1.10] 94 [13,17,34]
Lidocaine 5 335 0.36 [0.21- 0.62] 79 [11,13,23,34,49]
Acetaminophen 1 79 0.47 [0.30-0.75] NA [25]
Ketorolac 1 70 0.54 [0.34-0.84] NA [11]
Thiopental sodium 1 90 0.38 [0.23-0.62] NA [43]
Magnesium sulfate 1 200 0.62 [0.49-0.78] NA [14]
Natamosat mesilate 1 90 0.35[0.20-0.61] NA [18]
Dilution 5 368 0.47 [0.39-0.56] 0 [16,37-39,45]
Speed
Slow 3 163 0.34 [0.17-0.70] 81 [16,36,40]
Fast 1 100 0.54 [0.37-0.79] NA [21]
Temperature 1 240 1.09 [0.74-1.59] NA [62]

NA: not applicable.

administered as a pretreatment (RR, 0.55; 95% CI, 0.43-0.71,
Pui = 0.004, I = 66%; SMD, —0.88; 95% CI, —1.24 to —0.53,
P’ < 0.00001, I* = 79%, respectively; Tables 2 and 3 and Fig. 3).
The lidocaine group had a lower incidence of RIWM than the
control group when lidocaine was administered as an admixture
(RR, 0.74; 95% CI, 0.63-0.86, py, = 0.21, I’ = 33%; Table 2 and
Fig. 3), whereas severity was not different between the lido-
caine and control groups (SMD, —0.33; 95% CI, —0.67-0.01,
Pa’ = 0.26, I* = 26%; Table 3). Regardless of tourniquet use, li-
docaine had a prophylactic effect in terms of the incidence and
severity of RIWM: tourniquet (RR, 0.36; 95% CI, 0.21-0.62,
Pa = 0.0007, ' = 79%; SMD, —1.51; 95% CI, —2.15 to —0.86,
P = 0.003, ' = 79%); non-tourniquet (RR, 0.58; 95% CI, 0.47-0.71,
P’ < 0.00001, I = 78%; SMD, —0.74; 95% CI, —1.05 to —0.44,
Pa’ < 0.00001, I* = 76%, respectively). Regardless of age group
(adults vs. children), lidocaine reduced the incidence and sever-
ity of RIWM; adults (RR, 0.57; 95% CI, 0.48-0.68, pchiz =0.02,
I’ = 51%; SMD, —0.79; 95% CI, —1.04 to —0.53, p,," = 0.0006,
I’ = 68%, respectively); children (RR, 0.54; 95% CI, 0.36-0.81,
P’ < 0.00001, I = 90%; SMD, —1.40; 95% CI, —2.47 to —0.34,
P’ < 0.00001, I = 91%, respectively).

Opioids showed a prophylactic effect against both the in-
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cidence and severity of RIWM (RR, 0.28; 95% CI, 0.18-0.44,
Pui < 0.00001, I* = 90%; SMD, —1.71; 95% CI, —2.09 to —1.34;
Pa’ < 0.00001, I* = 87%, respectively; Fig. 4). Opioids—includ-
ing fentanyl, remifentanil, and alfentanil—were administered
as pretreatments. Fentanyl did not show a prophylactic effect
against the incidence of RIWM (RR, 0.84; 95% CI, 0.68-1.05,
P = 0.39, I* = 0%; Table 2 and Fig. 4), whereas it showed a pro-
phylactic effect against the severity of RIWM (SMD, —0.47; 95%
CI, —0.84 to —0.11, p,;* = 0.33, I' = 0%; Table 3). Both remifen-
tanil and alfentanil had a prophylactic effect against RIWM in-
cidence and severity: remifentanil (RR, 0.17; 95% CI, 0.08-0.39,
Pa < 0.00001, I* = 87%; SMD, —2.42; 95% CI, —2.99 to —1.84,
Per’ = 0.002, I = 76%, respectively; Tables 2 and 3, and Fig. 4);
alfentanil (RR, 0.26; 95% CI, 0.17-0.40, py; = 0.03, I’ = 63;
SMD, —1.52; 95% CI, —1.90 to —1.14, p,;” = 0.02, I = 66%, re-
spectively; Tables 2 and 3, and Fig. 4). Remifentanil with venous
occlusion showed no prophylactic effect against the incidence of
RIWM (RR, 0.46; 95% CI, 0.19-1.10, p,,” < 0.00001, I = 94%;
Table 2), while remifentanil with tourniquet reduced the severity
of RIWM (SMD, —2.05; 95% CI, —2.66 to —1.45, p,,” = 0.06,
I’ = 64%; Table 3). Remifentanil without tourniquet decreased
the incidence and severity of RIWM (RR, 0.20; 95% CI, 0.15-0.26,
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Table 3. Summary of the Effects of Interventions on the Severity of Rocuronium-induced Withdrawal Movement

Vol. 66, No. 6, June 2014

. . Std. mean difference Heterogeneity
No, of studies ~ No. of patients ) References
[95% CI] I (%)
Pretreatment
Lidocaine 8 666 —0.88 [—1.24, —0.53] 79 [12,21,25,27,35,44,45,61]
Remifentanil 6 451 —2.42[—2.99, —1.84] 76 [20,22,28-30,32]
Alfentanil 5 446 —1.52 [—1.90, —1.14] 66 [20,22,28,33,35]
Fentanyl 2 119 —0.47 [—0.84, —0.11] 0 [22,61]
Palonosetron 1 80 —1.05[—1.52, —0.58] NA [31]
Pheniramine 1 120 —0.34 [—0.74, —0.06] NA [26]
Ketamine 1 60 —2.03 [—2.69, 1.38] NA [48]
Gabapentin 1 86 —0.53 [—0.96, —0.10] NA [15]
Admixture
Lidocaine 3 135 —0.33 [—0.67,0.01] 26 [19,42,47]
SOBI 4 384 —1.22 [—1.46, —0.97] 16 [19,41,42,47]
Inhalation
N20 1 100 —1.65[—2.10, —1.19] NA [12]
Sevoflurane 1 71 —2.41 [—3.13, —1.70] NA [24]
Drugs with venous occlusion
Remifentanil 3 187 —2.05[—2.66, —1.45] 64 [13,17,34]
Lidocaine 4 235 —1.51 [—2.15, —0.86] 79 [11,13,34,49]
Acetaminophen 1 79 —0.66 [—1.12, —0.21] NA [25]
Ketorolac 1 70 —0.83 [—1.32, —0.34] NA [11]
Thiopental sodium 1 90 —2.32[—2.86, —1.78] NA [43]
Magnesium sulfate 1 200 —0.50 [—0.83, —0.18] NA [14]
Natamosat mesilate 1 90 —1.27 [—1.72, —0.81] NA [18]
Dilution 5 368 —1.64 [—2.47, —0.81] 91 [16,37-39,45]
Speed
Slow 3 163 —2.13[—2.74, —1.51] 91 [16,36,40]
Fast 1 100 —0.71 [—1.12, —0.31] NA [21]
Temperature 1 240 —0.01 [—0.27, 0.24] NA [62]

NA: not applicable.

Pa’ < 0.00001, I* = 83%; SMD, —2.30; 95% CI, —2.57 to —2.02,
P’ = 0.002, I* = 76%, respectively).

Sodium bicarbonate given as an admixture had a prophylac-
tic effect against both the incidence and severity of RIWM (RR,
0.35; 95% CI, 0.20-0.60, ;" = 0.06, I* = 60%; SMD, —1.22; 95%
CIL, —1.46 to —0.97, p,” = 0.31, I = 16%, respectively; Tables 2
and 3).

The hypnotics including ketamine and thiopental, which
were given as pretreatments, had a prophylactic effect against
both the incidence and severity of RIWM (RR, 0.36; 95% CI,
0.25-0.52, pyi” = 0.65, I' = 0%; SMD, —2.20; 95% CI, —2.62 to
—1.79, pay = 0.51, > = 0%, respectively).

Diluting rocuronium decreased the incidence and severity
of RIWM (RR, 0.47; 95% CI, 0.39-0.56, p,,” = 0.86, I* = 0%;
SMD, —1.64; 95% CI, —2.47 to —0.81, p,;’ < 0.00001, I* = 91%,
respectively; Tables 2 and 3). Regardless of age group (adults vs.
children), diluting rocuronium reduced the incidence and se-
verity of RIWM; adults (RR, 0.41;95% CI, 0.27-0.62, p,_ = 0.80,
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I’ = 0%; SMD, —0.88; 95% CI, —1.23 to —0.53, p,, = 0.30,
I = 9%, respectively); children (RR, 0.49; 95% CI, 0.41-0.59,
Pur’ = 0.68, I = 0%; SMD, —1.73; 95% CI, —1.94 to —1.52,
Pai = 0.25, ' = 27%, respectively).

Slow (>30-s injection time) and fast (<1-s injection time) ad-
ministration of rocuronium decreased the incidence and sever-
ity of RIWM: slow administration (RR, 0.34; 95% CI, 0.17-0.70,
Pui = 0.005, > = 81%; SMD, —2.13; 95% CI, —2.74 to —1.51,
P < 0.00001, I* = 91%; Tables 2 and 3); fast administration (RR,
0.54; 95% CI, 0.37-0.79; MD, —0.71; 95% CI, —1.12 to —0.31).
Lowering the temperature of rocuronium did not reduce either
the incidence or severity of RIWM (RR, 1.09; 95% CI, 0.74-1.59;
MD, —0.01; 95% CI, —0.27-0.24).

Publication bias

We assessed publication bias using a funnel plot and Egger’s
test for the incidence of RIWM by intervention method using
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lidocaine Control Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI
1.1.1 pretreatment
ES Kim 2013 30 50 36 50 10.4% 0.83[0.63, 1.11]
HY Cho 2007 6 40 12 20 4.3% 0.2510.11, 0.57]
JD Jung 2005 15 30 27 30 9.1% 0.56 [0.38, 0.81] |
JI Lee 2009 25 50 28 50 9.2% 0.89[0.62, 1.29]
SE Park 2008 20 60 43 60 8.9% 0.47 [0.31, 0.69]
YC Lee 2009 16 50 37 50 8.2% 0.43[0.28, 0.67] -
YH Jeon 2010 12 39 29 39 7.3% 0.41[0.25, 0.69] =
YK Lee 2004 13 25 23 25 8.8% 0.57 [0.38, 0.84] -
Subtotal (95% Cl) 344 324  66.2% 0.55 [0.43, 0.71] <>
Total events 137 235
Heterogeneity: Tau’ = 0.08; Chi’ = 20.68, df = 7 (P = 0.004); I = 66%
Test for overall effect: Z = 4.62 (P < 0.00001)
Risk ratio
1.1.2 admixture M-H, random, 95% CI
SH Chang 2004 54 68 34 34 13.8% 0.80[0.70, 0.91] -
SM Hwang 2004 10 21 17 21 5.1% 0.59 [0.36, 0.96]
SM Jung 2005 12 22 12 21 3.7% 0.95[0.56, 1.62] —r—
SS Lee 2009 10 25 18 25 5.4% 0.56 [0.32, 0.95] _—
Subtotal (95% CI) 136 101 28.0% 0.74 [0.63, 0.86] <®
Total events 86 81
Heterogeneity: Chi’ = 4.49, df = 3 (P = 0.21); I = 33% Risk ratlo
Test for overall effect: Z = 3.78 (P < 0.0002) M-H, random, 95% CI
Total (95% CI) 480 425 100.0% 0.60 [0.49, 0.74] <&
Total events 223 316
Heterogeneity: Tau’ = 0.08; Chi” = 39.85, df = 11 (P < 0.0001); I = 72% 01 02 05 3 | —

Test for overall effect: Z = 4.80 (P < 0.00001)

Favours lidocaine  Favours control

Test for subgroup differences: Chi’ = 2.96, df = 1 (P =0.09); I’ = 66.2%

Fig. 3. Forest plot showing the overall effect of lidocaine pretreatment on the incidence of rocuronium-induced withdrawal movement (RIWM).
Subgroup analyses according to methods of lidocaine administration: pretreatment vs. admixture. M-H: Mantel-Haenszel.

lidocaine, opioids, sodium bicarbonate, and diluted rocuronium.
The funnel plots were asymmetric in the comparisons of lido-
caine and opioids, whereas the funnel plots were symmetric in
those using sodium bicarbonate and diluted rocuronium. Egger’s
test resulted in the following: lidocaine (P = 0.01); opioids
(P < 0.001); sodium bicarbonate (P = 0.55); diluted rocuronium
(P = 0.51). Based on the assumption that the intervention
groups using lidocaine and opioids showed publication bias,
we performed trim and fill analyses to evaluate the influence of
publication bias (Figs. 5 and 6). The RR with 95% CIs remained
significant: lidocaine (RR, 0.71; 95% CI, 0.59-0.85); opioids (RR,
0.56; 95% CI, 0.41-0.78).

Discussion

The various types of pharmacological and non-pharmacolog-
ical interventions demonstrated in the 41 RCTs with 4,742 sub-
jects in the Korean population were associated with a reduced
incidence or severity of RIWM, with the exception of RIWM
severity when a lidocaine admixture was used and the incidence
of RIWM when fentanyl was used as a pretreatment.

Although numerous studies have reported rocuronium-

induced injection pain, the underlying mechanism remains
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unclear. The low pH of rocuronium is a possible cause of the
pain, as rocuronium bromide is formulated with sodium acetate,
sodium chloride, or acetic acid to produce a solution of pH 4.0
[50]. The low pH and osmolality of rocuronium solution could
stimulate the chemo-nociceptors in the vessel wall or result in
release of pain-triggering factors such as bradykinins. This may
be correlated with the prophylactic effect of sodium bicarbon-
ate (given as an admixture to increase the pH of the solution)
against the incidence and severity of RIWM in the present
meta-analysis (RR, 0.35; 95% CI, 0.20-0.60; SMD, —1.22; 95%
CI, —1.46 to —0.97). This observation is in agreement with the
report by Kwak et al. [7] that a NaHCO;-rocuronium admixture
is one of the most effective methods of preventing RIWM (RR,
0.15; 95% CI, 0.06-0.34).

Dilution of the rocuronium also decreased the incidence and
severity of RIWM (RR, 0.47; 95% CI, 0.39-0.56; SMD, —1.64;
95% CI. —2.47 to —0.81). Kim and Yoon reported that the in-
cidence and severity of RIWM were significantly lower when
rocuronium was diluted with 0.9% normal saline, although they
did not report a difference in the pH or osmolality of the ro-
curonium solution [37]. They concluded that diluting rocuroni-
um with 0.9% normal saline might decrease stimulation of the

vessel wall. Furthermore, the increased volume of rocuronium
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Opioids Control Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% ClI
1. Remifentanil

AY Oh 2007 3 41 34 38 6.4% 0.08 [0.03, 0.24] -
Bl Choi 2008 1 60 21 30 3.6% 0.02[0.00, 0.17] B —
JD Jung 2009 13 30 15 15 9.3% 0.45[0.30, 0.68] -
JH Kim 2009 0 41 22 36 2.2% 0.02 [0.00, 0.31]
JY Kim 2007 8 35 33 35 8.5% 0.24 [0.13, 0.45] -
JY Kim 2008 21 60 28 30 9.5% 0.38 [0.26, 0.54] -
Subtotal (95% Cl) 267 184 39.5% 0.17 [0.08, 0.39] <o
Total events 46 153
Heterogeneity: Tau” = 0.73; Chi” = 37.74, df = 5 (P < 0.00001); I” = 87%
Test for overall effect: Z = 4.20 (P < 0.0001)

2. Alfentanil
AY Oh 2007 16 44 34 38 9.3% 0.411[0.27, 0.61] -
JH Kim 2009 4 38 22 36 7.0% 0.17 [0.07, 0.45]
JY Kim 2008 6 30 28 30 8.1% 0.21[0.10, 0.44] ——
JY Lee 2009 27 82 27 28 9.6% 0.34 [0.25, 0.47] -
SE Park 2008 6 60 43 60 7.8% 0.14 [0.06, 0.30] S
Subtotal (95% ClI) 254 192 41.8% 0.26 [0.17, 0.40] *
Total events 59 154

Heterogeneity: Tau” = 0.13; Chi” = 10.84, df = 4 (P = 0.03); I’ = 63%
Test for overall effect: Z = 6.28 (P < 0.00001)

Risk ratio
3. Fentanyl _M-H, Fixed, 95% CI _
AY Oh 2007 29 41 34 38 8.9% 0.79[0.63, 0.99] =
HY Cho 2007 12 20 12 20 3.0% 1.00 [0.60, 1.66] T
Subtotal (95% CI) 61 58  12.0% 0.84 [0.68, 1.05] o
Total events 41 46
Heterogeneity: Chi’ = 0.75, df = 1 (P = 0.39); I = 0%
Test for overall effect: Z=1.55 (P =0.12) Risk ratio
M-H, Random, 95% CI
Total (95% CI) 582 434 100.0% 0.28 [0.18, 0.44] &
Total events 1.46 353
2 2 2 Il Il
Heterogeneity: Tau” = 0.55; Chi” = 121.37, df = 12 (P < 0.00001); I = 90% f f f f
Test for overall effect: Z = 5.43 (P < 0.00001) 0.002 01 1 10 500

ioi trol
Test for subgroup differences: Chi’ = 32.76, df = 2 (P < 0.00001); I* = 93.9% Favours opioids Favours contro

Fig. 4. Forest plot showing an overall effect of opioid pretreatment on the incidence of rocuronium-induced withdrawal movement (RIWM).
Subgroup analyses according to kind of opioid: fentanyl vs. remifentanil vs. alfentanil. M-H: Mantel-Haenszel.
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Fig. 5. Funnel plot of the comparisons: opioid vs. control, outcome: Fig. 6. Funnel plot of the comparisons: lidocaine vs. control,
reduction in rocuronium-induced withdrawal movement (RIWM). outcome: reduction in rocuronium-induced withdrawal movement
White circles: comparisons included. Black circles: inputted (RIWM). White circles: comparisons included. Black circles: inputted
comparisons using the trim-and-fill method. White diamond: pooled comparisons using the trim-and-fill method. White diamond: pooled
observed log risk ratio. Black diamond: pooled inputted log risk ratio. observed log risk ratio. Black diamond: pooled inputted log risk ratio.
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solution due to dilution may result in a slower injection, which
has been suggested to decrease the withdrawal response. This
observation is in agreement with our report that a slow speed of
injection decreased the incidence of RIWM (RR, 0.34; 95% CI,
0.17-0.70).

Rocuronium injection pain can be assessed by investigators
through withdrawal movement in unconscious patients after in-
duction of anesthesia. We did not include study collecting data on
pain by asking conscious patients directly due to a possible ethi-
cal controversy. In 1995, Moorthy reported that a patient com-
plained of severe burning pain after injecting a sub-paralyzing
dose (10% of the intubating dose) of rocuronium before loss of
consciousness after induction of general anesthesia [51], which
was the first documentation of rocuronium-induced pain since
first used clinically. That report recommended that rocuronium
should be administered after loss of consciousness during in-
duction of general anesthesia.

Pre-treatment application of a venous tourniquet has been
used for rocuronium injection pain. The venous occlusion tech-
nique is suitable for studying the peripheral action of pretreat-
ment drugs with local anesthetic properties, such as lidocaine,
ondansetron, or tramadol, but is not useful for opioids that act
centrally. A tourniquet may prevent delivery of centrally acting
drugs to effect sites, which can delay the drug effect. This is cor-
related with results of our meta-analysisIn our study. Lidocaine
showed a prophylactic effect regardless of tourniquet use, but
remifenatnil in conjunction with a tourniquet did not show a
prophylactic effect against the incidence of RIWM (RR, 0.46;
95% CI, 0.19-1.10). However, when using remifentanil with a
tourniquet, low tendency for incidence in RIWM and significant
reduction for severity in RIWM (SMD, —2.05, 95% CI, —2.66
to —1.45), may be possibly due to the short onset of action of
remifentanil.

Propofol, similarly to rocuronium, is used frequently during
induction of general anesthesia, and also associated with injec-
tion pain. The effect of prophylactic modalities against propofol
injection-induced pain using lidocaine or opioids has been re-
ported [52]; this is in agreement with the results of the present
meta-analysis. Moreover, lidocaine or opioids can be applied to
attenuate stimulation by tracheal intubation. Thus, we suggest
that lidocaine and opioids should be used during induction of
anesthesia due to their reduction of pain associated with injec-
tion of both propofol and rocuronium and their promotion of
hemodynamic stability during tracheal intubation.

We found a substantial number of RIWM clinical trials in
the Korean literature. About half of the studies since 1995 (29 of
53 articles assessed for eligibility identified in the international
database) were carried out by medical staft in Korea. This may
be because Korean medical staff have a greater ability to detect
RIWM, or have a medical mission that aims to reduce RIWM, as
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Koreans may be particularly sensitive to rocuronium-injection-
induced pain. The overall incidence of RIWM in this study was
80% (range, 56-100%) [27,39,42,46,49], which is higher than
those of a previous meta-analysis [7] and reports [2,53-55]. This
might be why RIWM study protocols are relatively simple com-
pared with those used in other studies.

As a number of RIWM studies have shown that various
interventions have prophylactic effects, conducting an RIWM
study would not be novel or significant. It is necessary to com-
pile the results of those studies and introduce effective interven-
tion methods in an appropriate manner in a clinical setting. The
present systematic review will contribute to reducing the num-
ber of studies of the known association with RTWM.

We should address the importance of publication bias, which
may have influenced the results of the meta-analysis. The fact
that studies may or may not report negative results may result
in publication bias. In this study, the Begg’s funnel plot for lido-
caine and opioids on the incidence of RIWM suggested a bias
towards publishing small-sample-size studies with findings in
favor of intervention, and the results of the Egger’s tests were
significant (P = 0.013, P < 0.001, respectively). As a marked con-
centration of studies was observed on the left lower part of the
plot, this asymmetry suggests a publication bias toward a larger
effect size in smaller studies. It was inferred that smaller studies
with larger effect sizes were more likely to be published; there-
fore, they had a higher probability of demonstrating statistical
significance. Duval and Tweedie’s trim and fill analyses were
used to provide an adjusted estimate of the effects of pharma-
cological and non-pharmacological interventions on RIWM by
considering the role of unpublished studies [56]. This nonpara-
metric method revealed that a significant effect of lidocaine and
opioids on RIWM was observed after considering publication
bias (RR, 0.71; 95% CI, 0.59-0.85; RR, 0.56; 95% CI, 0.41-0.78,
respectively).

The strength of the present meta-analysis lies in the large
sample size (41 studies and 4,742 subjects) and application
of a rigorous methodology with a sensitive search strategy to
provide the first systematic review assessing the prophylactic
effect of pharmacological and non-pharmacological methods
against the incidence and severity of RIWM, particularly in
the Korean population. Two investigators identified the articles
independently, extracted the data, and verified and resolved all
discrepancies. Furthermore, our findings were stable and robust
in subgroup and sensitivity analyses.

However, several limitations to this meta-analysis should be
noted. First, the methodological quality of the studies was gen-
erally poor. The randomization method was not stated clearly
in most trials, and few trials reported blinding of assessors of
outcomes. Blinding and allocation concealment were not re-
ported in these RCTs, indicating a potential risk of bias [57,58].
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These findings suggest that many Korean anesthesiologists
are not familiar with or are not paying attention to the study
methodology (e.g., CONSORT or Risk of Bias). This finding
also suggests that researchers carry out RCTs while lacking the
methodological skills to execute such studies, or failed to report
the methodology used despite the fact that the clinical trials
were conducted under strict RCT principles. Thus, it is essential
that well-designed RCTs using a rigorous methodology should
be designed, conducted, and reported. Second, we cannot be
certain that our search was all-inclusive despite our effort to
retrieve all relevant articles. As there is no standard search filter
in domestic databases, it was difficult to conduct an efficient and
complete search for this study. Therefore, a domestic search was
performed using the term “rocuronium” in all possible relevant
databases to increase sensitivity, and unnecessary articles were
excluded manually. Third, we did not search for unpublished
studies, so only published studies were included in our meta-
analysis. Further, all studies included in our meta-analysis were
conducted on a Korean population, and a large proportion of
them were published in Korean. Therefore, there was a consid-
erable possibility of publication bias [59,60]. Efforts were made
to limit the impact of publication bias on findings. Graphical
(funnel plots) and statistical (Egger’s test) methods were used
to assess possible publication bias and its potential impact on
the findings. While the funnel plot indicated a potential for
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publication bias (i.e., unpublished trials with non-significant or
negative findings), the analysis revealed that a significant effect
remained after consideration of publication bias. This allowed us
to have some confidence in our findings despite the omission of
data from unpublished studies. Finally, heterogeneity was sub-
stantial in almost all intervention analyses. This may have arisen
from the different characteristics of the subjects and the various
methods used to prevent RIWM. Furthermore, the methodol-
ogy used to measure the incidence and severity of RIWM may
have increased the heterogeneity.

In conclusion, the use of lidocaine, opioids, sodium bicar-
bonate, hypnotics, and inhalation anesthetics were effective in
terms of decreasing the incidence and severity of RIWM in a
Korean population. Pretreatment and admixture administra-
tion of lidocaine, remifentanil, alfentanil, fentanyl, and sodium
bicarbonate reduced the incidence and severity of RIWM except
for the severity of RIWM when using lidocaine admixture and
the incidence of RIWM when using fentanyl pretreatment. Li-
docaine reduced the incidence and severity of RIWM regardless
of venous occlusion, but remifentanil with venous occlusion
did not decrease the incidence of RIWM. Dilution and slow
injection of rocuronium reduced the incidence and severity of
IPWM. Administration of lidocaine or opioids during induc-
tion of anesthesia is recommended unless contraindicated, as it
seems to have certain advantages.
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