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Objective: One conundrum that frequently occurs during clinical anesthesia is etomidate-

induced myoclonus, which results in multiple risks. The aim of the study was to evaluate 

systematically the effect of pretreatment with lidocaine on preventing etomidate-induced 

myoclonus.

Materials and methods: The literature search was performed from the inception to April 

2018 in PubMed, Embase, Cochrane Library, and China National Knowledge Infrastructure. 

All randomized controlled trials that used lidocaine to prevent etomidate-induced myoclonus 

were enrolled. The primary outcome included the incidence and severity of etomidate-induced 

myoclonus. The data were combined to calculate the risk ratio and relevant 95% CI. A meta-

analysis was performed following the guidelines of the Cochrane Reviewer’s Handbook and 

the Preferred Reporting Items for Systematic Reviews and Meta Analyses statement.

Results: A total of eight studies were enrolled, and the existing evidence indicated that 

1) pretreatment with lidocaine can reduce the incidence of etomidate-induced myoclonus (the inci-

dence of myoclonus: 37.6% in lidocaine vs 73.6% in saline, risk ratio =0.46, with 95% CI [0.34, 

0.63], P,0.0001); 2) the pretreatment with lidocaine can reduce the incidence of mild, moderate, 

and severe myoclonus; 3) a dose of pretreatment with lidocaine cannot significantly decrease 

the duration of myoclonus compared to placebo; 4) the administration of lidocaine produced no 

effect on the stable hemodynamic parameters and no more additional adverse effects.

Conclusion: Pretreatment with lidocaine could be served as one effective approach to decrease 

both the incidence and the severity of etomidate-induced myoclonus, with limited influence on 

the hemodynamic stability of patients. However, to confirm precise safety and efficacy of such 

intervention, more high-quality evidence is necessary.

Keywords: lidocaine, etomidate, myoclonus, meta-analysis

Introduction
Owing to its distinctive advantages including limited effect on circulation and less 

breathing suppression, etomidate, as one of the commonly used intravenous sedatives, 

provides hemodynamic stability and the smooth induction of anesthesia.1 However, 

problems of using etomidate such as suppression of adrenal function, injection pain, 

and myoclonus arouse wide concern globally,2–4 especially about the involuntary 

myoclonus that emerges during the induction of anesthesia that 80% of patients have 

experienced,4 which may lead to muscle damage, myalgia, and accidental dislodgement 

of the vascular access and monitoring devices.5 Although the issues of adrenocortical 
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suppression and injection pain are resolved separately by 

synthesis of rapidly metabolized soft analogs6,7 and formula-

tion optimization, both the mechanism of myoclonus and the 

reasonable solution to it are still unclear.

Various pharmacological approaches such as opioids, 

benzodiazepines, α2 agonists, N-methyl-d-aspartate antago-

nists, muscle relaxants, and lidocaine have been reported 

to attenuate the etomidate-induced myoclonus.8–13 An ideal 

pretreatment should be short acting and have limited effects 

on stable hemodynamics and respiration. Recently, increas-

ing studies have demonstrated the efficacy of lidocaine in 

preventing myoclonus, but a relevant systematic review has 

not been established. The present meta-analysis therefore 

was systematically conducted with the aim to evaluate the 

effect of pretreatment with lidocaine.

Materials and methods
This meta-analysis was performed in accordance with the 

recommendations in the Preferred Reporting Items for 

Systematic Reviews and Meta Analyses statement14 and the 

guidelines described in the Cochrane Handbook.

Inclusion and exclusion criteria
Participants
Adult patients with American Society of Anesthesiologists 

(ASA) physical status I or II who underwent general anes-

thesia induced with etomidate were included.

Interventions and comparisons
The intervention was pretreatment with lidocaine for prevent-

ing etomidate-induced myoclonus; the control group was 

given saline placebo.

Outcome measurements
The primary outcome was the number of patients reporting 

any myoclonus (incidence of myoclonus emergence); if the 

measurement scores among different studies were similar, the 

severity of myoclonus (the incidence of etomidate-induced 

myoclonus at different degrees) would also be evaluated.

The secondary outcome was the duration of myoclonus, 

and the mean arterial blood pressure (MAP), heart rate 

(HR), and the adverse effects observed in patients were 

also reviewed if the enrolled clinical studies mentioned 

these data.

Studies
Randomized controlled trials (RCTs) with no language 

limitations were included. Trials were excluded if the data 

were from case reports, reviews, or animal studies, or if the 

pretreatment did not involve lidocaine.

Search strategy
The literature search for published RCTs was conducted 

by two reviewers (BL and CY), and the databases included 

PubMed, Embase, Cochrane Library, and China National 

Knowledge Infrastructure.

The search terms: “Etomidate,” “Hypnomidate,” “myo-

clonus,” “myoclonic movement,” “fasciculation,” “twitch-

ing,” “lidocaine,” “lignocaine” were combined in the search 

for relevant studies. The search was restricted to human 

studies, and the language of publications was not restricted. 

The last literature search was performed on April 17, 2018.

Literature screening and data extraction
Two reviewers independently screened literature and 

extracted data and then cross-checked with each other. After 

screening of the titles and abstracts, full articles were obtained 

when information could not be ascertained. The information 

derived from the literature was collected and entered in a table 

that included the following data: the general characteristics 

of studies, the types and general characteristics of patients, 

the sample size, and interventions and comparisons (Table 1). 

Disagreements were resolved by consensus through discus-

sion among all authors.

Quality assessment
BL and CY independently evaluated the methodological 

quality of included studies by using the Cochrane Collabo-

ration tool for assessing risk of bias in randomized trials.15 

There are seven items by which to assess random sequence 

generation, including allocation concealment, blinding of 

participants and personnel, blinding of outcome assessment, 

incomplete outcome data, selective reporting and other bias, 

using high, low, or unclear risk of bias.16

Statistics analysis
All statistical analyses were performed using the Review 

Manager 5.0 software (The Cochrane Collaboration, London, 

UK). Dichotomous data were analyzed by using the risk ratio 

(RR) with 95% CI, the Mantel–Haenszel method (fixed or 

random models). The I-squared (I2) test was performed to 

assess the impact of study heterogeneity on the results of the 

meta-analysis. According to the Cochrane review guidelines, 

if severe heterogeneity was present at I2.50%, the random-

effects model was chosen; otherwise, the fixed-effects model 

was used. Moreover, sensitivity analysis was conducted by 
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deleting each study individually to evaluate the quality and 

consistency of the results.

Results
Literature search results
After the search of the databases, 30 articles were identified 

by initial screening. Fourteen articles were excluded after 

duplicate removing, and one article was excluded after title 

and abstract review. Following the full-text review, eight 

RCTs were enrolled in the present systematic review.11,17–23 

The identification procedure of these eligible articles is 

described in Figure 1. The studies from different regions 

were published from 2010 to 2018.

Basic characteristics of enrolled studies
The incidence of etomidate-induced myoclonus and the 

severity of myoclonus were reported in all the studies. The 

duration of myoclonus was reported in two of them;19,22 MAP 

and HR were reported in two of them;18,23 and adverse effects, 

including postoperative nausea and vomiting, myalgia, and 

headache, were described in only one study.19 The severity 

of etomidate-induced myoclonus was graded on a 4-point 

intensity score4,24 in all of these studies. The general charac-

teristics of the enrolled studies are shown in Table 1.

Quality assessment
According to the Cochrane Collaboration tool for assessing 

risk of bias, the seven items, including random sequence 

generation, allocation concealment, blinding of participants 

and personnel, blinding of outcome assessment, incomplete 

outcome data, selective reporting and other bias of these, 

including RCTs, were evaluated. A total of 25% (2/8) of 

the studies used an adequate method of random sequence 

generation,17,19 and only one study11 mentioned allocation 

concealment with the description of using opaque, sealed 

envelopes. Four studies did not mention the blinding 

procedure of participants and personnel,18,21–23 and five 

studies did not mention the blinding procedure of outcome 

assessment.17,18,21–23 The risk of bias assessment tool is shown 

in Figure 2.

Incidence of etomidate-induced 
myoclonus
All RCTs involving 695 patients were included in the study; 

415 of them were given lidocaine to alleviate the myoclonus 

produced by using etomidate. The random-effects model 

was chosen due to the existence of statistical heterogeneity. 

Compared with the placebo (saline), the intervention of 

lidocaine definitely reduced the incidence of etomidate-

induced myoclonus, which was described as the occurrence 

of myoclonus (incidence of myoclonus: 37.6% with lidocaine 

vs 73.6% with saline, RR =0.46, with 95% CI [0.34, 0.63], 

P,0.0001, I2=72%). The I2 of 72% indicated substantial 

heterogeneity, but attempts to decrease it to below 50% by 

excluding a single study were not successful. The results 

showed that lidocaine in combination with etomidate has a 

significantly lower incidence of myoclonus than with eto-

midate alone. The result is shown in Figure 3.

Severity of etomidate-induced myoclonus
The severity of myoclonus was judged visually by an 

observer. To standardize the observational data, each myo-

clonus was graded as mild, moderate, and severe. A mild 

myoclonus was a short movement of a body segment (a finger 

or a shoulder). A moderate myoclonus was slight movement 

of two different muscles or muscle groups of the body (face 

and leg). Severe myoclonus was intense clonic movement in 

two or more muscle groups (fast abduction of a limb).24

30 articles were
identified through

database searching

16 articles were
screened for title 

and abstract review

15 articles were
screened for

full-text review

8 RCTs were eligible
for qualitative

research

A total of 8 RCTs
were quantitively

analyzed

After duplicate removing,
14 articles were excluded

After reading title and
abstract, 1 article was
excluded

After reading full-text,
7 articles were excluded
for uncorrelated
comparison and
outcomes

Figure 1 Flow chart of literature screening and the selection process.
Abbreviation: RCT, randomized controlled trial.
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the statistical heterogeneity did not exist among the study 

results (I2=1%); thus, a fixed-effects model was employed 

to perform the analysis. The results indicated that there was 

a significant difference between the lidocaine group and the 

placebo control group in the incidence of etomidate-induced 

mild myoclonus (incidence of etomidate-induced mild myo-

clonus: 13.0% with lidocaine vs 21.1% with saline, RR =0.62, 

with 95% CI [0.44, 0.88], P=0.008, I2=1%). The results 

showed that lidocaine in combination with etomidate yielded 

a significantly lower incidence of mild myoclonus than with 

etomidate alone. The details are shown in Figure 4.

Moderate myoclonus
All RCTs, involving 695 patients, were included in the study, 

and 415 of them were pretreated with lidocaine. The fixed-

effects model was chosen because statistical heterogeneity 

did not exist. The results indicated that the intervention of 

lidocaine definitely reduced the incidence of etomidate-

induced moderate myoclonus (the incidence of etomidate-

induced moderate myoclonus: 13.2% with lidocaine vs 28.2% 

with saline, RR =0.48 with 95% CI [0.29, 0.80], P=0.004, 

I2=44%). The results (Figure 5) demonstrated that pretreat-

ment with lidocaine produces a significantly lower incidence 

of moderate myoclonus.

Severe myoclonus
All the studies reported the degrees of etomidate-induced 

severe myoclonus. No statistical heterogeneity was found 

among the study results (I2=0%); thus, a fixed-effects model 

was chosen to perform the analysis, implying that there was 

a significant difference between the lidocaine group and the 

control group in the incidence of etomidate-induced severe 

myoclonus (incidence of etomidate-induced mild myoclonus: 

11.3% with lidocaine vs 24.3% with saline, RR =0.39 with 

95% CI [0.28, 0.55], P,0.00001) (Figure 6).

Figure 2 Risk of bias assessment of included studies.
Notes: Green + dot, low risk of bias; yellow ? dot, unclear risk of bias; red - dot, 
high risk of bias.

τ χ

Figure 3 Forest plot of weighed RR.
Note: The lidocaine group and saline control group in the prevention of etomidate-induced myoclonus with a 95% CI.
Abbreviation: RR, risk ratio.

Mild myoclonus
All RCTs, involving 695 patients, were included in the 

study, and 415 of them were given lidocaine to alleviate the 

myoclonus produced by using etomidate. It was revealed that 
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The duration of myoclonus
Only two studies,19,22 involving 130 patients, reported the 

duration of etomidate-induced myoclonus. Based on the 

data from those studies, pretreatment with a dose of pre-

treated lidocaine did not significantly decrease the dura-

tion of myoclonus compared to placebo (weighted mean 

difference -11.06 minutes with 95% CI [-35.89, 13.78], 

P=0.38). However, the I2 of 99% indicated substantial het-

erogeneity, but the source could not be clearly attributed to 

a single study, and the limited number of involved studies 

showed the unreliability of the result (Figure 7).

Hemodynamic parameters and adverse 
effects
Three studies18,19,23 described the changes in HR and MAP. 

In fact, the limited difference between the lidocaine and 

control groups indicated that the pretreatment with lidocaine 

produced no effect on the stable hemodynamic parameters 

featured by the use of etomidate. Only one study19 reported 

the incidence of postoperative nausea and vomiting, myalgia, 

and headache. Ten patients who received etomidate alone 

and eight patients who were pretreated with lidocaine suf-

fered postoperative nausea and vomiting. Myalgia occurred 

in four patients (two received etomidate alone, and two 

received lidocaine pretreatment), and headache occurred in 

five patients, (four received etomidate alone, and only one 

received lidocaine pretreatment).

Publication bias
Our review included too few studies to construct a reliable 

funnel plot. Although there was little variation in study size, 

studies reported both positive and negative effects, which is 

not suggestive of publication bias.

Discussion
Myoclonus was defined as an involuntary, short contraction 

of some muscle fibers of a whole muscle, or of different mus-

cles of one group, leading to a short, observable movement of 

Test for overall effect: Z=2.65 (P=0.008)
Heterogeneity: χ 2=7.05, df=7 (P=0.42); I2=1%
Total events

Total (95% CI)

Zhang and Zhou 2010
Yang 2016
Xiao et al 2011
Gupta and Gupta 2018
Li and Liu 2011
Singh et al 2014
Gultop et al 2010
Chen et al 2011

Study or
subgroup

100

15.2
22.3
7.6
13.7
13.7
12.2
4.6
10.7

Weight
(%)

70
40
150
30
25
30
40

415

30

Total

280

30
35
40
50

25
30

30
40

Total
Lidocaine

2
8
5
21
6
6
2
4

54

Events
Placebo control

59

10
11
5
6
9
8
3
7

Events

0.62 (0.44, 0.88)

0.20 (0.05, 0.84)
0.36 (0.16, 0.82)
1.00 (0.31, 3.19)
1.17 (0.50, 2.73)
0.67 (0.27, 1.64)
0.75 (0.30, 1.85)
0.67 (0.12, 3.71)
0.57 (0.18, 1.80)

RR M–H,
fixed, 95% CI

Favors (placebo control)Favors (lidocaine)
1001010.10.01

RR M–H,
fixed, 95% CI

Figure 4 Forest plot of weighed RR.
Note: Results of the lidocaine group and saline control group in terms of reduction of the severity of etomidate-induced myoclonus with a 95% CI: mild myoclonus.
Abbreviation: RR, risk ratio.

τ χ

Figure 5 Forest plot of weighed RR.
Note: Results of the lidocaine group and saline control group in terms of the reduction of the severity of etomidate-induced myoclonus with a 95% CI: moderate myoclonus.
Abbreviation: RR, risk ratio.
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the corresponding body part, usually not longer than 100 ms.24 

When anesthesia was induced with etomidate, 50%–80% of 

patients who were not premedicated experienced myoclonus. 

As previously stated, myoclonus may lead to risks to muscles 

and may interfere with the clinical evaluation of the depth 

of anesthesia.

The present study was a meta-analysis to evaluate the 

efficacy and safety of pretreatment with lidocaine to pre-

vent etomidate-induced myoclonus. Based on the existing 

evidence from eight RCTs, the analysis indicated that lido-

caine could reduce both the occurrence and the severity of 

etomidate-induced myoclonus, shown by the lower incidence 

of etomidate-induced mild, moderate, and severe myoclonus 

in the lidocaine pretreatment group. In addition, according to 

the description in relevant studies, no significant difference 

was found between the lidocaine group and the control group 

in the changes of HR and MAP, and no significant difference 

was found in the number of adverse effects occurrences, 

including postoperative nausea and vomiting, myalgia, and 

headache. Therefore, the preadministration of lidocaine pro-

duced limited effects on the stable hemodynamic parameters 

and no additional adverse effects.

The potential mechanism of myoclonus resulting from 

etomidate use is still unclear. Many reports have linked such 

involuntary movements either to a seizure-like activity or 

disinhibition phenomenon with earlier suppression of the 

cortical before subcortical activity.25,26 Disruption of the 

cortical GABA-mediated inhibition makes skeletal muscles 

susceptible to the spontaneous nerve transmissions, thereby 

leading to myoclonic movements,27 and the capability of 

lidocaine to reduce the central nervous system excitability 

has been hypothesized as the mechanism behind the action 

of myoclonus prevention.17

To our knowledge, there are no systematic reviews to 

summarize the efficacy and safety of pretreatment with 

lidocaine to prevent the etomidate-induced myoclonus. The 

present study was the first to review the relevant RCTs.

The limitations of the present study derived from sample 

sizes, quality, and design of the included trials. First, the 

evidence about pretreatment with lidocaine to prevent 

etomidate-induced myoclonus was relatively deficient when 

compared to the enormous amount of published literatures 

about interventions such as dexmedetomidine, midazolam, 

and opioids. In view of the previous report, the use of 

midazolam was more effective than lidocaine in decreasing 

the incidence and severity of myoclonus due to etomidate, 

whereas pretreatment with lidocaine produced less inci-

dence of postoperative nausea and vomiting and myalgia.19 

χ

Figure 6 Forest plot of weighed RR.
Note: Results of the lidocaine group and saline control group in terms of reduction of the severity of etomidate-induced myoclonus with a 95% CI: severe myoclonus.
Abbreviation: RR, risk ratio.

τ χ

Figure 7 Forest plot of weighed RR.
Note: The effect of lidocaine in reducing the duration of myoclonus.
Abbreviation: RR, risk ratio.
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Because too few studies reported the comparisons among the 

different interventions, we were not able to evaluate the dif-

ferences of the outcomes meaningfully. Second, the sample 

sizes of those enrolled studies varied. For instance, the recent 

research by Gupta and Gupta17 enrolled a significantly great 

number of patients than earlier studies. Thus, the results from 

the analysis may be distorted on some level. In addition, little 

published literature was aimed at the direct comparisons 

between different dosages of lidocaine. The search results 

of the databases now show only two studies that describe the 

effects of using different dosages of lidocaine.17,18 Consider-

ing the entirely different dosage calculation method, data 

combination was not performed.

Conclusion 
Pretreatment of lidocaine could be served as one effective 

approach to decrease both the incidence and the severity of 

etomidate-induced myoclonus, with limited influence on the 

hemodynamic stability of patients. However, more evidence 

with high quality data and large sample size is necessary 

to determine the preferred pharmacological option and the 

proper prophylactic dosage of lidocaine. It remains an open 

question for further study.
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