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Objective: Myoclonus was considered as one conundrum in etomidate induction, which led
to multiple risks during clinical anesthesia. The present study was conducted to compare the
efficacy of pretreatment with remifentanil to different pharmacological approaches on redu-
cing etomidate-induced myoclonus.

Methods: We searched PubMed, Embase, Cochrane Library, and China National
Knowledge Infrastructure from the inception to October 2018. Randomized controlled trials
comparing remifentanil versus other pharmacological approaches in reducing etomidate-
induced myoclonus were eligible to be analyzed.

Results: Overall, 13 trials with 1,392 patients met with the inclusion criteria. 1) Pretreatment
with remifentanil could reduce the incidence of etomidate-induced myoclonus compared to
placebo and fentanyl; few differences were found between the use of remifentanil and the
use of midazolam: (incidence of myoclonus: 5.56% with remifentanil vs 71.65% with saline,
RR=0.08, with 95% CI [0.05, 0.12], P<0.0001; 3.80% with remifentanil vs 13.33% with
fentanyl, RR with 95% 0.31 [0.11, 0.86], P=0.02; 46.00% with remifentanil vs 55.45% with
midazolam, RR=0.82, with 95% CI [0.64, 1.06], P=0.13). 2) Compared with placebo,
pretreatment with remifentanil could reduce the incidence of mild, moderate, and severe
myoclonus; compared with midazolam, patients receiving remifentanil experienced lower
occurrence of severe myoclonus; compared with fentanyl, pretreatment with remifentanil
associated with significant low occurrence of moderate and severe myoclonus. 3) The
outcomes also indicated that pretreatment with remifentanil could prevent excessive hemo-
dynamic changes after endotracheal intubation compared to fentanyl.

Conclusions: Pretreatment with remifentanil could be considered as one operative option to
reduce both incidence and severity of etomidate-induced myoclonus. Compared with fenta-
nyl, it also provides efficacy in preventing excessive hemodynamic changes after endotra-
cheal intubation. However, the best treatment and the proper prophylactic dosage calls for
more high quality evidence with large sample size.

Keywords: remifentanil, etomidate, myoclonus, meta-analysis, fentanyl, midazolam

Introduction
Etomidate is considered as one of the most suitable hypnotic drugs in elderly
patients and hemodynamically unstable patients given that it provides limited effect
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on circulation and provides minimal breathing
suppression.! However, the side effects caused by etomi-
date, including injection pain, suppression of adrenal func-
tion and myoclonus, cannot be overlooked.> Especially,
myoclonus, which has been reported in 80% of unpreme-
dicated patients during the induction of anesthesia, may
result in the high risks of muscle damage, regurgitation,
myalgia, and dislodgement of the vascular access.’
According to recent literature, the first two conundrums,
injection pain and adrenal suppression, have been solved
via lipid formulation® and synthesis of rapidly metabolized
soft analogs,4 however, the reasonable solutions to etomi-
date-induced myoclonus have not been discovered.

Short acting and negligible effects on hemodynamic
parameters should be considered as the ideal characteris-
tics of a prophylactic agent. Although opioids, muscle
relaxants, benzodiazepines, and lidocaine have been
reported in reducing myoclonic movement,”® the drug of
choice has yet to be identified, and the question remains
attractive and calls for the relevant comparative study.

As one commonly used selective p-receptor agonist,
remifentanil features rapid onset time and metabolization.”
Recently, increasing studies have illustrated the efficacy of
remifentanil in reducing the incidence of etomidate-
induced myoclonus,lo_12 however, relevant systematic
review about the efficacy of such medication has been
not established. Therefore, the present study was per-
formed to evaluate the efficacy of remifentanil and differ-
ent pharmacological approaches on preventing the
incidence and severity of myoclonus incurred by using

etomidate.

Methods

This meta-analysis was performed according to the recom-
mendations in the Preferred Reporting Items for
Systematic Reviews and Meta Analyses'’ statement and

the guidelines described in the Cochrane Handbook.

Search strategy

Two independent reviewers (BL and FL) performed the
literature search. And we searched the databases included
PubMed, Embase, Cochrane Library, and China National
Knowledge (CNKI).
“Ultiva,” “myoclonus,” “myoclonic movement,” “fascicula-
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tion,” “twitching,” “etomidate,” “hypnomidate” were con-
sidered as the search terms. Only human studies were

involved and there were no restrictions of the publication

language. The last literature search was performed
on October 26, 2018.

Selection

The studies meeting the following criteria were selected
for further analysis: 1) randomized controlled trials
(RCTs) in the adult patients with American Society of
Anesthesiologists (ASA) physical status IIII who experi-
enced the induction with etomidate; 2) studies comparing
remifentanil vs other pharmacological approaches in redu-
cing etomidate-induced myoclonus.

The incidence of myoclonus emergence (the number of
patients who had experienced myoclonus) and the severity
of myoclonus (the incidence of etomidate-induced myo-
clonus at different degrees) would be evaluated as the
primary outcomes. The duration of myoclonus and the
patients’ great hemodynamic changes after endotracheal
intubation were considered as the secondary outcomes.
Moreover, the adverse effects reported in the enrolled
clinical studies were also reviewed.

Literature screening and data extraction
Literature searching and data extraction were performed
independently by two reviewers (BL and FL), and then
the two reviewers cross-checked with each other. Full
texts were obtained when information from titles and
abstracts could not be ascertained. A table was designed
to collect the general characteristics of these selected studies
(Table 1). Disagreements were resolved by consensus
through discussion among all authors.

Quality assessment

According to Cochrane Collaboration tool for assessing
risk of bias in randomized trials,'* two reviewers (BL
and FL) independently evaluated the methodological qual-
ity which includes seven aspects: random sequence gen-
eration, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incom-
plete outcome data, selective reporting and other bias."

Statistical analysis

Statistical analyses were done with Review Manager 5.0
software (The Cochrane Collaboration, London, UK). The
risk ratio (RR) with 95% CI and the Mantel-Haenszel
method (fixed or random models) were used to analyze
dichotomous data. The I-squared (/%) test was applied to
weigh the impact of heterogeneity on the results. As stated
by the Cochrane review guidelines, the random-effects
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model was chosen when severe heterogeneity was present
at ’>50% (or the value of * was closed to 50%); other-
wise, the fixed-effects model was applied. Additionally,
we performed the sensitivity analysis by deleting each
study individually to assess the quality and consistency
of the results. Publication bias was evaluated by using
Begg’s test and Egger’s test when at least ten studies
were included in the meta-analysis. A P value less than
0.05 was judged statistically significant.

Results

Literature search results

Of 46 articles identified, 20 were excluded after duplicate
removal, and 11 were excluded after title and abstract
review. In these 11 excluded items, 9 RCTs were not
related to the evaluation of effectiveness in reducing eto-
midate-induced myoclonus (eg, the evaluation of sedation
and the effects on cardiovascular system), the remaining
two were an uncorrelated review and a meeting. After full-
text review, two items were excluded (one was due to the
uncorrelated comparison: rocuronium versus placebo, the
full-text of the other one cannot be obtained after contact-
ing the authors). Finally, 13 RCTs were enrolled in the
further meta-analysis.'®'%'%> The identification proce-
dure of these eligible articles is described in Figure 1. The
enrolled studies were published from 2006 to 2016.

Basic characteristics of enrolled studies

All enrolled studies reported the incidence of etomidate-
induced myoclonus and the severity of myoclonus, and only
one study mentioned the duration of myoclonus.'® Normal
saline was used as the control in 11 studies,!®1>16:18-24
in two
and fentanyl was used as the comparison in

midazolam was used as the
studies,?"®
four studies.'***2* The numbers of patients suffered exces-
in two
studies,'>** and adverse effects, including apnea, cough,

comparison

sive hemodynamic changes were reported
sedation, chest rigidity, bradycardia, hypotension, and post-
operative respiratory discomfort, were described in five
studies.'®'"'7-212% In all enrolled studies, a 4-point intensity
score was used to grade the severity of etomidate-induced
myoclonus.?® The general characteristics of the enrolled

studies are shown in Table 1.

Quality assessment
Seven items mentioned above were evaluated in accordance
with the Cochrane Collaboration tool for assessing risk of

bias. A total of 23% (3/13) of the studies performed an

12,21,22

adequate method of random sequence generation, and

two studies reported allocation concealment with detailed
descriptions (using opaque, sealed envelopes).'""'? Five stu-
dies mentioned the blinding procedure of participants and

1,10:16:21.2225 and seven studies mentioned the

10-12,16,21,22,25

personne
blinding procedure of outcome assessment.
The details of risk of bias assessment are shown in Figure 2.

Incidence of etomidate-induced

myoclonus

Remifentanil vs placebo

Eleven studies involving 778 patients were included in the
study, and 450 of them were given remifentanil to alleviate
the etomidate-induced myoclonus. Considering no statisti-
cal heterogeneity exists among the study results (I°=38%),
the fixed-effects model was chosen. According to the result,
pretreatment of remifentanil unquestionably reduced the
incidence of etomidate-induced myoclonus (incidence of
myoclonus: 5.56% with remifentanil vs 71.65% with saline,
RR=0.08, with 95% CI [0.05, 0.12], P<0.0001, ’=38%).
The results indicated that pretreatment with remifentanil
exhibited a significantly lower incidence of etomidate-
induced myoclonus (Figure 3A). A publication bias was
detected in this analysis by use of both Begg’s (P=0.029)
and Egger’s (P=0.001) tests.

Remifentanil vs midazolam

Two RCTs involving a total of 201 patients were enrolled in
the study, and 100 of them were given the remifentanil. The
P of 0% indicated that substantial heterogeneity did not exist,
thus the fixed effect model was used. The result indicated that
there were no significant differences between the using of
remifentanil and midazolam (incidence of myoclonus:
46.00% with remifentanil vs 55.45% with midazolam,
RR=0.82, with 95% CI [0.64, 1.06], P=0.13, ’=0%). The
result is shown in Figure 3B.

Remifentanil vs fentanyl

Four RCTs involving 210 patients were included in the
study, and 105 of them were pretreated with remifentanil
to reduce the incidence of myoclonus. The I of 0% indi-
cated that substantial heterogeneity did not exist, thus the
fixed effect model was used. Compared with the fentanyl,
the pretreatment of remifentanil presented a definite advan-
tage in reducing the incidence of myoclonus caused by
etomidate (incidence of myoclonus: 3.80% with remifentanil
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Records after duplicates removed
(n = 26)
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£
o
o v Records excluded by title
A Records screened and abstract review (n = 11):
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uncorrelated review - 1
meeting - 1
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Full-text articles assessed Full-text articles excluded:
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= (n = 13) uncorrelated comparison - 1
% full-text unavailable - 1
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v
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o
[} A 4
S
© Studies included in
£ qualitative synthesis
(meta-analysis)
(n=13)

Figure | Flow chart of literature screening and the selection process.

Abbreviations: CNKI, China National Knowledge Infrastructure; RCT, randomized controlled trial.

vs 13.33% with fentanyl, RR with 95% 0.31 [0.11, 0.86],
P=0.02, ’=0%). The result is shown in Figure 3C.

Remifentanil 2 ng/ml vs remifentanil 4 ng/ml (TCI)

The effect-site concentration of remifentanil was set by the
target controlled infusion (TCI) system. This system was
designed for the administration of various opioids and other
anesthetics by TCI. By using computer simulation of known
infusion protocol, the pharmacokinetic parameters were
selected. And the system with the computer-compatible
infusion pump provided appropriate target concentrations
of anesthetic drugs in many clinical trials.”” Three RCTs
involving 186 patients were included, and half of them were
pretreatment with 2 ng/ml of remifentanil. The I of 0%
revealed that substantial heterogeneity did not exist;

therefore, the fixed effect model was chosen. The results
that of with
a concentration of 4 ng/ml was associated with significantly

indicated pretreatment remifentanil
decreased incidence of myoclonus compared to remifentanil
with a concentration of 2 ng/ml (incidence of myoclonus:
16.13% with remifentanil 2 ng/ml vs 0% with remifentanil
4 ng/ml, RR with 95% 16.00 [2.19, 117.07], P=0.006,

’=0%). The result is shown in Figure 3D.

Severity of etomidate-induced myoclonus
Visual judgement was used to determine the degree of
myoclonus. A transient movement of a body segment (eg,
a finger or shoulder) was defined as mild myoclonus.
Moderate myoclonus was described as slight movement of

Drug Design, Development and Therapy 2019:13
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Figure 2 Risk of bias assessment of included studies. Green + dot, low risk of bias;
yellow ? dot, unclear risk of bias; red - dot, high risk of bias.

two different muscle groups (eg, face and leg). Intense
clonic movement of two or more muscle groups was
defined as severe myoclonus (eg, fast abduction of a limb).”
The severity of myoclonus was graded according to the
4-point intensity score: 0, no myoclonus; 1, mild myoclo-
nus; 2, moderate myoclonus; or 3, severe myoclonus.

Remifentanil vs placebo
Eleven RCTs involving 778 patients were included, and
450 of them were pretreated with remifentanil.

@ Mild myoclonus

Owing to statistical heterogeneity (I°=46%), the random-
effects model was used. The results indicated that the
intervention of remifentanil reduced the incidence of eto-
midate-induced mild myoclonus (the incidence of etomi-
date-induced mild myoclonus: 4.00% with remifentanil vs
27.13% with saline, RR=0.19 with 95% CI [0.09, 0.40],
P<0.0001, °=46%). The F of 46% indicated existing
heterogeneity, attributable to the Lee study (Lee et al,
2009). The heterogeneity was resolved after removing
this study (/°=16%), and the summary estimate was
unchanged in essence (the incidence of etomidate-
induced mild myoclonus: 2.56% with remifentanil vs
28.19% with saline, RR=0.16, 95% CI [0.08, 0.32],
P<0.00001). The result is shown in Figure 4A. By using
both Begg’s (P=0.062) and Egger’s (P=0.002) tests, pub-
lication bias was found in the analysis.

@ Moderate myoclonus

The F of 0% demonstrated that substantial heterogeneity
does not exist; thus, a fixed-effects model was chosen to
perform the analysis, The results (Figure 4B) indicated that
pretreatment with remifentanil produced a significantly
lower incidence of moderate myoclonus (incidence of eto-
midate-induced moderate myoclonus: 1.11% with remifen-
tanil vs 25.00% with saline, RR=0.08 with 95% CI [0.04,
0.16], P<0.0001, ’=0%). The results of Begg’s (P=0.484)
and Egger’s (P=0.022) tests indicated that a publication bias
existed in this analysis.

® Severe myoclonus

No statistical heterogeneity was detected among the study
results (I°=0%) and the fixed-effects model was used. The
results revealed that pretreatment with remifentanil reduced
the incidence of etomidate-induced severe myoclonus (the
incidence of etomidate-induced severe myoclonus: 0.02%
with remifentanil vs 19.51% with saline, RR=0.07 with
95% CI [0.03, 0.14], P<0.0001, F=0%). The result is
shown in Figure 4C. Publication bias was not significant
(P=0.312 for Begg’s test and P=0.941 for Egger’s test).
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Figure 4 Forest plot of severity of etomidate-induced myoclonus: remifentanil vs saline.
Notes: (A) incidence of etomidate-induced mild myoclonus; (B) incidence of etomidate-induced moderate myoclonus; (C) incidence of etomidate-induced severe myoclonus.
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Remifentanil vs midazolam
Two RCTs involving a total of 201 patients were enrolled
in the study, and 100 of them were given the remifentanil.

@ Mild myoclonus

The random-effects model was used for the existing statistical
heterogeneity. The data from those studies implied that there
was no significant difference between the remifentanil group
and the midazolam group in the incidence of etomidate-
induced mild myoclonus (incidence of etomidate-induced
mild myoclonus: 15% with remifentanil vs 7.92% with mid-
azolam, RR=1.61 with 95% CI [0.26, 10.09], P=0.13,

P=76%). The F* of 76% again indicated substantial heteroge-
neity but the source could not be clearly attributed to a single
study (Figure 5A).

@ Moderate myoclonus

The fixed-effects model was selected due to no statistical
heterogeneity (°=0%). And the results revealed pretreatment
with remifentanil did not significantly decrease the incidence
of moderate myoclonus compared to midazolam (incidence of
etomidate-induced moderate myoclonus: 16% with remifenta-
nil vs 17.82% with midazolam, RR=0.89 with 95% CI [0.50,
1.61], P=0.71, ’=0%). The result is shown in Figure 5B.
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Figure 5 Forest plot of severity of etomidate-induced myoclonus: remifentanil vs midazolam.
Notes: (A) incidence of etomidate-induced mild myoclonus; (B) incidence of etomidate-induced moderate myoclonus; (C) incidence of etomidate-induced severe myoclonus.
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® Severe myoclonus

The fixed-effects model was chosen because statistical hetero-
geneity did not exist (/’=26%). Compared with the midazo-
lam, the intervention of remifentanil reduced the incidence of
etomidate-induced severe myoclonus, which was described as
the occurrence of myoclonus (incidence of etomidate-induced
severe myoclonus: 15.00% with remifentanil vs 29.70% with
midazolam, RR=0.51, with 95% CI [0.30, 0.86], P=0.01,
P=26%). The result is shown in Figure 5C.

Remifentanil vs fentanyl

Four RCTs involving 210 patients were selected in the
study, and 105 of them were pretreated with remifentanil
to reduce the incidence of myoclonus.

@ Mild myoclonus

No statistical heterogeneity was found among the study results
(=0%) and the fixed-effects model was chosen. There was no
significant difference between the remifentanil group and the
fentanyl group in the incidence of etomidate-induced mild
myoclonus (incidence of etomidate-induced mild myoclonus:
3.81% with remifentanil vs 8.57% with fentanyl, RR=0.47,
with 95% CI [0.16, 1.41], P=0.18, P=0%). The result is shown
in Figure 6A.

@ Moderate myoclonus

The fixed-effects model was used due to the absence of statis-
tical heterogeneity (/>=0%). No significant differences were
observed between the two groups in the incidence of etomi-
date-induced moderate myoclonus; And no patients experi-
enced moderate myoclonus in remifentanil group (incidence
of etomidate-induced moderate myoclonus: 0% with remifen-
tanil vs 4.76% with midazolam, RR=0.23, with 95% CI [0.04,
1.32], P=0.10, ’=0%). The result is shown in Figure 6B.

(3 Severe myoclonus

No patients experienced etomidate-induced severe myo-
clonus in either the remifentanil or the fentanyl group,
therefore, the relevant analysis was not performed.

Remifentanil 2 ng/ml vs remifentanil 4 ng/ml (TCI)
Three RCTs involving 186 patients were included, and
half of them were pretreatment with 2 ng/ml of
remifentanil.

(O Mild myoclonus

No statistical heterogeneity was found among the study
results (”=0%) and the fixed-effects model was chosen.
The results indicated that pretreatment with 4 ng/ml of
remifentanil produced a significantly lower incidence of
mild myoclonus (incidence of etomidate-induced mild
myoclonus: 11.83% with a concentration of 2 ng/ml remi-
fentanil vs 0% with a concentration of 4 ng/ml remifenta-
nil, RR=12.00, with 95% CI [1.61, 89,58], P=0.02,
PP=0%). No patients experienced mild myoclonus in 4
ng/ml of remifentanil group. The result is shown in
Figure 7A.

@ Moderate myoclonus

The fixed-effects model was chosen due to the abscence of
statistical heterogeneity (P=0%). No significant differences
were observed between the two groups in the incidence of
etomidate-induced moderate myoclonus; And no patients
experienced moderate myoclonus in 4 ng/ml of remifentanil
group (incidence of etomidate-induced moderate myoclonus:
3.17% with a concentration of 2 ng/ml remifentanil vs 0% with
a concentration of 4 ng/ml remifentanil, RR=3.00, with 95%
CI [0.32, 28.09], P=0.34, 12:0%). The result is shown in
Figure 7B.

® Severe myoclonus

Two patients in the 2 ng/ml of remifentanil group in only one
study experienced etomidate-induced severe myoclonus,'’

thus, the relevant analysis was not performed.

Duration of etomidate-induced

myoclonus

Only one study,'® involving 90 patients, described the dura-
tion of etomidate-induced myoclonus. Therefore, the rele-
vant analysis was not performed. However, based on the
existing data from this study, pretreatment with remifentanil
significantly decreased the duration of myoclonus compared
to placebo (duration of myoclonus: 36.0+27.0 sec with
remifentanil 1 pg/kg vs 93.8459.5 sec with saline).

The numbers of patients experienced

great hemodynamic changes
Due to etomidate’s insufficient suppression on laryngo-

pharyngeal reflexes during endotracheal intubation,
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Figure 6 Forest plot of severity of etomidate-induced myoclonus: remifentanil vs fentanyl.
Notes: (A) incidence of etomidate-induced mild myoclonus; (B) incidence of etomidate-induced moderate myoclonus.

hypertension and tachycardia occurred frequently after
intubation. Thus, the occurrence of great hemodynamic
changes was evaluated and it was defined as an increase
or decrease in systolic blood pressure (SBP) or heart rate
(HR) of more than 30% of the baseline level.'?

Remifentanil vs fentanyl
Two RCTs involving 120 patients were evaluated in the
study, and 60 of them were givenremifentanil.

(D The numbers of patients experiencing great systolic
blood pressure changes

Due to the absence of statistical heterogeneity (P=0%), the
fixed-effects model was applied. The results indicated that
pretreatment with remifentanil was associated with signif-
icantly low incidence of great changes in SBP compared to
fentanyl (incidence of experiencing great changes in SBP:
0% with remifentanil vs 61.67% with fentanyl, RR=0.03,
with 95% CI [0.00, 0.19], P=0.0003, I’=0%). The result is
shown in Figure 8A.

@ The numbers of patients experiencing great heart rate
changes

The fixed-effects model was used due to the absence of
statistical heterogeneity (/”=0%). Compared with the fen-
tanyl, the using of remifentanil associated with the minor
effects on the changes in HR (incidence of experienced
great changes in HR: 0.00% with remifentanil vs 73.33%
with fentanyl, RR=0.14, with 95%CI [0.06, 0.30],
P<0.00001, ’=0%). The result is shown in Figure 8B.

The side effects
A total of five studies'®!!-!7-21:25

related to the drugs used as premedication. According to the

mentioned the side effects

records, side effects appeared frequently in the patients who
received remifentanil 4 ng/ml by the TCI system, the details
were as follows: 13 of them experienced cough, 15 of them
suffered chest wall rigidity, four of them experienced brady-
cardia, and apnea developed in seven patients. Additionally,
two patients who received remifentanil 1 pg/kg pretreatment
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Figure 7 Forest plot of severity of etomidate-induced myoclonus: remifentanil 2 ng/ml (TCI) vs remifentanil 4 ng/ml (TCI).
Notes: (A) incidence of etomidate-induced mild myoclonus; (B) incidence of etomidate-induced moderate myoclonus.
Abbreviation: TCI, target controlled infusion.
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Figure 8 Forest plot of the numbers of patients that experienced great hemodynamic changes: remifentanil vs fentanyl.
Notes: (A) numbers of patients that experienced great systolic blood pressure changes; (B) numbers of patients that experienced great heart rate changes.
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experienced bradycardia. Except for the above-mentioned
cases, none of the patients experienced any side effects
after injection of either drugs.

Publication bias

Publication bias was explored by using Begg’s test and
Egger’s test to indicate the possible presence of bias. The
result (Figure 9) showed that publication bias existed in
the analysis of the efficacy of remifentanil in alleviating
etomidate-induced myoclonus compared to saline. For
evaluating severe myoclonus between the remifentanil
and placebo groups, publication bias was not significant.

Discussion

Myoclonus was considered as one serious problem in
patients who experienced etomidate induction. As pre-
viously stated, it may raise the risk to muscles and may

. Begg’s funnel plot with pseudo 95% confidence limits
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2
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Figure 9 Funnel plots of effect estimates for various clinical outcomes.

disturb the assessment of the depth of anesthesia. Therefore,
such adverse effects during anesthesia induction should be
prevented by any means necessary. The present study was
a meta-analysis of the published RCTs to compare the
efficacy of remifentanil vs different pharmacological
approaches on reducing the etomidate-induced myoclonus.
In our study, lower incidence of myoclonus at different
grades was exhibited in the remifentanil group compared
to the saline group based on the analysis of existing data
from 13 RCTs. It demonstrated that pretreatment of remi-
fentanil could reduce both the incidence and the severity of
etomidate-induced myoclonus.

The results from searching in several databases showed
that the existing comparative studies involved remifentanil
vs midazolam, remifentanil vs fentanyl, and remifentanil 2
ng/ml vs remifentanil 4 ng/ml administered by the TCI
system.

B Begg's funnel plot with pseudo 95% confidence limits

2-

logrr

s.e. of: logrr

Begg's funnel plot with pseudo 95% confidence limits

logrr
|
N

—6

s.e. of: logrr

Notes: (A) incidence of etomidate-induced myoclonus: remifentanil vs saline (Begg's test, P=0.029; Egger’s test, P=0.001); (B) incidence of etomidate-induced mild
myoclonus: remifentanil vs saline (Begg’s test, P=0.062; Egger’s test, P=0.002); (C) incidence of etomidate-induced moderate myoclonus: remifentanil vs saline (Begg's test,
P=0.484; Egger’s test, P=0.022); (D) incidence of etomidate-induced severe myoclonus: remifentanil vs saline (Begg’s test, P=0.312; Egger’s test, P=0.941).

Abbreviations: RR, risk ratio; SE, standard error.
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As one of the short acting benzodiazepines, midazolam
acts selectively through the GABA A receptor. And it has
been investigated as one approach to preventing etomidate-
induced myoclonus. According to our analysis, there was no
significant difference between the use of remifentanil and
midazolam in reducing etomidate-induced myoclonus, but
the patients who received remifentanil experienced lower
incidence of etomidate-induced severe myoclonus.
However, we found that the conclusions from two included
studies were opposite. The difference of effects on reducing
myoclonus between midazolam 0.5 mg/kg with remifentanil
1 pg/kg were compared by Hwang et al*' and the report
indicated that no significant difference was found in the
between

Sedighinejad et al*® reported the superiority of remifentanil

incidence of myoclonus the two groups.
to midazolam. Based on the current evidences, the differ-
ence might result from the large gap of the dosage of
midazolam (0.05 mg/kg vs 0.015 mg/kg). Particularly,
there are currently too few data (only two relevant studies)
to draw a satisfactory conclusion that remifentanil was
a preferable option compared to midazolam.

Fentanyl, another opioid, also acting as one intervention to
reduce myoclonus, was evaluated in the present study. And the
results from four RCTs comparing remifentanil with fentanyl
indicated that the former one was associated with significantly
lower occurrences of myoclonus and low incidence of mod-
erate and severe myoclonus. It is common knowledge that
etomidate provides the stable hemodynamic parameters dur-
ing anesthesia induction for its negligible effects on myocar-
dial contractility. However, it does not reduce the sympathetic
response to endotracheal intubation due to its lack of analgesic

efficacy,?®*°

which was reflected in the tendency for an
increase in HR and SBP in patients after the endotracheal
intubation. We also analyzed the occurrence of excessive
hemodynamic changes (an increase in SBP) or HR of more
than 30% of the baseline level) in patients who receiving
remifentanil and fentanyl. Compared with fentanyl, excessive
hemodynamic changes after endotracheal intubation could be
prevented effectively by using remifentanil, which showed
low numbers of patients who experienced great systolic
blood pressure changes and HR changes.

The comparison between remifentanil 2 ng/ml and remi-
fentanil 4 ng/ml administered by the TCI system was reported
in three studies. The results of our analysis demonstrated that
pretreatment with remifentanil with a concentration of 4 ng/ml
leads to a lower occurrence rate of myoclonus at different
grades. However, the vast majority of side effects in the
present study such as apnea, cough, sedation, chest rigidity,

and bradycardia was described in the patients receiving remi-
fentanil with a concentration of 4 ng/ml. Therefore, given the
paucity of existing evidence, the pros and cons of each
approach should be discussed in future studies.

As far as we know, the present study is the first meta-
analysis to review the efficacy and safety of pretreatment
with remifentanil to alleviate etomidate-induced myoclonus.
However, there are some limitations which should be taken
into account. First, the results of Begg’s test and Egger’s test
suggests that publication bias is present in the analysis of
remifentanil vs saline in reducing incidence of etomidate-
induced myoclonus. This phenomenon might be incurred by
the absence of trials with negative results, because the com-
parison was performed between the pharmacological inter-
vention group and the saline control group. Even so, we
cannot rule out that publication bias might lead to an over-
estimation of the true treatment effect. Second, sample sizes,
quality, and design of the enrolled trials in the present study
incurred limitations. Although we performed a thorough
search including not only several international but also
a Chinese database to make the existing evidence as compre-
hensive as possible, the evidence about pretreatment with
remifentanil to prevent etomidate-induced myoclonus was
limited. Unfortunately, the full-text of one relevant study>’
could not be obtained after contacting the authors.

Conclusion

Pretreatment with remifentanil could be considered as one
effective way to reduce both incidence and severity of
etomidate-induced myoclonus. Compared with using fen-
tanyl and midazolam, remifentanil might be considered as
the preferable option for its efficacy in preventing both the
myoclonus and excessive hemodynamic changes after
endotracheal intubation. Nevertheless, more high-quality
evidence with a large sample size is required. The best
treatment and most suitable dosage to resolve such clinical
practical problems remains to be established.
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