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Background: Myoclonus is a common problem during induction of anesthesia with etomidate. A variety of agents, including opioids 
and lidocaine, reduced the incidence of myoclonus. However, there is no reported literature evaluating the effect of esketamine 
pretreatment on etomidate-induced myoclonus. We investigated the influence of pretreatment with esketamine on the incidence of 
etomidate-induced myoclonus.
Methods: This is a prospective, double-blind, and randomized controlled trial. One hundred patients aged 18–65 scheduled for 
elective surgery under general anesthesia (including urology surgery, gynaecology surgery, general surgery, and thoracic surgery) were 
randomly allocated into two groups, each consisting of 50 patients. Esketamine was pretreated with 0.1 mg/kg 60 s before the initiation 
of etomidate in Group ESK, while normal saline was administered as the placebo (Group C). During the first 1 minute after etomidate 
administration, myoclonus incidence and severity were assessed. In addition, we measured the hemodynamic changes and side effects 
of esketamine before administering etomidate.
Results: In group ESK, 14 patients (28%) had myoclonus (degrees of myoclonus: mild 2, moderate 7, severe 5), and 32 patients 
(64%) in group C (mild 6, moderate 5, severe 21) (P< 0.001). In group ESK, myoclonus incidence and severity were significantly 
lower than in group C (P< 0.001).
Conclusion: Esketamine 0.1mg/kg IV pretreatment significantly reduce the incidence and the severity of severe myoclonus of 
etomidate-induced myoclonus without significant adverse effects.
Keywords: esketamine, etomidate, myoclonus, anesthesia induction

Introduction
Etomidate is commonly employed as an induction agent for its beneficial characteristics, including its hemodynamic 
stability, minimal respiratory depression, and pharmacokinetic properties that allow rapid recovery.1 Myoclonus, how
ever, is the most common side effect of etomidate.2,3 In patients who are not pretreated for etomidate-induced 
myoclonus, the rate ranges from 50% to 80%,2,4 which may lead to patient discomfort. Aspiration and regurgitation 
may occur more frequently under emergency situations when myoclonic movements occur. Etomidate-induced myoclo
nus may also serve as a problem in the patients who have limited cardiovascular reserves and patients with open globe 
injuries, which refers to full-thickness injuries to the eye wall.5 Myoclonic movements should be avoided after etomidate 
administration. A variety of agents, including opioids, propofol, dexmedetomidine, midazolam, lidocaine, ketamine and 
magnesium sulfate, reduced the incidence of myoclonus.6–10 Pretreatment with N-methyl-d-aspartate (NMDA) receptor 
antagonists such as ketamine and magnesium sulfate to prevent etomidate-induced myoclonus has been reported. 
Esketamine, a NMDA receptor antagonist, was widely used anesthetic and treated depression in clinical practice.11 
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However, there has been no study about the effects on myoclonus after etomidate injection inpatients pretreated with 
esketamine.

Therefore, the purpose of this study was to investigate the effect of pretreatment with esketamine on the incidence and 
severity of etomidate-induced myoclonus during induction of anesthesia with etomidate.

Methods
Study Design
This was a prospective randomized double blinded study. The trial was conducted in accordance with the principles of 
the Declaration of Helsinki and the International Conference on Harmonization Good Clinical Practice guidelines. This 
research was authorized by the Review Board of the First Affiliated Hospital of Anhui Medical University and the ethics 
committee of Anhui Medical University (PJ-2023-07-19). Before enrolling patients, the trial was registered on chictr.org. 
cn (ChiCTR2300074192, Principal Investigator: Lijian Chen, Date of Registration: 2023-8-1) and all participants 
provided signed informed consent.

Study Participants
The study was conducted from August 2023 to November 2023 at the First Affiliated Hospital of Anhui Medical 
University, where a total of 108 patients were screened. Of these, 100 participants scheduled for elective surgery were 
recruited, meeting the inclusion criteria of being aged between 18 and 65, having an ASA classification of I–III, and 
identifying as any sex. In addition, participants who met the following criteria were excluded: Pregnant patients, patients 
with adrenal cortical dysfunction, patients with neurological disorders or mental disorders, study patients with drug 
allergies, patients who have taken pain killers, sedatives, or opioid drugs within the past 24 hours, obesity (BMI>30kg/ 
m2), patients with difficult airways, severe liver or kidney dysfunction, patients with severe cardiovascular diseases, 
stomach full patients.

Study Procedure
All the included participants were randomly allocated into the esketamine group (Group ESK) or the placebo group 
(Group C) at a ratio of 1:1 using computer-generated block randomization (block size, 4) by an investigator, each 
consisting of 50 patients. We kept the results of the randomization in sealed opaque envelopes before preparing the 
study drugs. Group ESK was pretreated with 0.1 mg/kg esketamine for 60 s before induction with etomidate (0.3mg/ 
kg), and Group placebo received the same volume of normal saline as the control group. During the recording of 
myoclonus intensity, both patients and anesthesiologists were blinded to the group they were assigned to. 
Pretreatment drugs were prepared in a 20-mL syringe by the anesthesiologist who was not involved in the anesthesia 
induction.

Upon arrival in the operating room, patients underwent routine monitoring, which included noninvasive blood 
pressure, electrocardiogram, and oxygen saturation. Venous access was confirmed, and patients were oxygenated before 
receiving the study drug prior to anesthesia induction. No additional drugs were administered before the study drug. 
Anesthesia was induced with etomidate over a 20-second period, and patients were monitored for myoclonus episodes 
1 minute after the injection of etomidate. Another anesthesiologist recorded myoclonic movements on a scale between 
0–3. The intensity of myoclonus was graded clinically as 0 no myoclonus, 1 mild myoclonus (movement at the wrist 
only), 2 moderate (movement involving the arm only, elbow, or shoulder), and 3 severe (generalized response or 
movement in more than one extremity), following the etomidate injection.2 The mean arterial pressure (MAP) and 
heart rate (HR) were recorded before the esketamine injection (T0), 1 minute after the esketamine injection (T1), 
1 minute after the etomidate injection (T2), and 1 minute after the induction drug injection (T3). As soon as the 
observation period ended, 0.03 mg/kg midazolam, 0.4 g/kg sufentanil, and 0.2 mg/kg Cisatracurium was administered for 
the induction of anesthesia. Following intubation with an appropriately sized endotracheal tube, standardized anesthesia 
and analgesia protocols were administered.
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Study Outcomes
The primary outcome of our study was the incidence of etomidate-induced myoclonus. The secondary outcomes were the 
severity of myoclonus, and esketamine-related adverse effects (nausea and vomiting, hallucinations, hypertension, 
tachycardia, and respiratory depression).

Statistical Analysis
The sample size was determined utilizing the Power and Sample Size Program 3.0.43. Based on prior research indicating 
a 72% incidence of myoclonus following etomidate administration,4 and assuming a 30% reduction in myoclonus 
frequency post-administration, a minimum sample size of 48 patients per group was determined based on a power of 
85% and a two-tailed α-error of 5%. Ultimately, it was determined that 50 patients would be allocated to each group.

Data are expressed as the mean ± standard deviation or percentages. In this study, T-tests were used to compare the 
demographic data of the patients and their vital signs between the two groups. In order to analyze etomidate-induced 
myoclonus frequency, ASA class, and gender, we used the chi-squared test. We used the Mann–Whitney U-test to test the 
effect of low-dose esketamine on the severity of myoclonic movements. SPSS 13.0 was employed for the statistical 
analysis of the data, with a significance level of P <0.05 being deemed as statistically significant.

Results
In the current study, 100 out of 108 consecutive patients met the inclusion criteria and provided informed consent to 
participate. These 100 patients were subsequently randomized into two groups of 50 each (Figure 1). Notably, there were 
no dropouts or losses to follow-up. Demographic characteristics were not significantly different between the two groups 
(Table 1). The frequency of myoclonus was significantly higher in patients in the placebo group (32/50, 64%) compared 
to those in the esketamine pretreatment group (14/50, 28%; P<0.001). Therefore, pretreatment with esketamine 
significantly reduced etomidate-induced myoclonus after the administration of esketamine. The severity of myoclonus 

Figure 1 The clinical procedures for the study followed the CONSORT flow. Group ESK was given 0.1 mg/kg esketamine 60 seconds before etomidate induction, while 
Group C received a placebo of normal saline in the same volume.
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was also significantly lower in group ESK than in the placebo (Table 2). At each time point, the MAP (mean arterial 
blood pressure) and HR (the heart rate) were not significantly different between the two groups (Figure 2). In terms of 
any other side-effect, no statistically significant differences were observed among the groups (Table 3). Esketamine 
showed respiratory depression in only one patient, whereas placebo showed no respiratory depression. However, it can be 
relieved by jaw thrust.

Discussion
We observed that pretreatment with esketamine 0.1 mg/kg reduced the incidence of myoclonus after induction with 
etomidate without significant adverse effects. The incidence of myoclonus was 28% in the esketamine group and 64% in 
the placebo group.

Table 1 Demographic Data of the Patients Receiving 
Esketamine or Placebo

Group ESK 
(n=50)

Group C 
(n=50)

P-value

Age 45.4±11.2 44.2±11.4 0.563

Sex 0.542
Male 22 19

Female 28 31

BMI 23.7±2.8 24.3±3.4 0.072
Hypertension 0.617

Yes 9 11
No 41 39

Diabetes 1

Yes 3 3
No 47 47

ASA physical status 1

1 4 5
2 45 45

3 1 0

Type of surgery 0.817
Urology surgery 29 27

Gynaecology surgery 9 13

General surgery 8 7
Thoracic surgery 4 3

Notes: Values are expressed as mean±standard deviation, gender, ASA physical 
status, comorbidities, and type of surgery as number. Group ESK=0.1 mg/kg 
esketamine, Group C= placebo. No statistical difference was observed in this table.

Table 2 Incidence of Etomidate–Induced Myoclonus

Myoclonus Group ESK 
(n=50)

Group C 
(n=50)

P-value

Incidence [No. (%)] 14 (28%) * 32 (64%) <0.001

The severity of myoclonus [No. (%)] <0.001

None 36 (72%) * 18 (36%)
Mild 2 (4%) 6 (12%)

Moderate 7 (14%) 5 (10%)

Severe 5 (10%) 21 (42%)

Notes: Data are given as number of patients (%). Group ESK=0.1 mg/kg esketamine, Group 
C= placebo. * P < 0.001 vs group C.
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Low dose esketamine may have some other benefits. In previous study, Xie et al found that analgesia pumps with 
low-dose esketamine infusion effectively relieve postoperative pain in pediatric urology patients.12 Wang et al showed 
that a low-dose of esketamine can reduce postpartum depression following cesarean delivery.13 Although injection pain 
caused by etomidate has been solved by using a lipid formulation, pretreatment with a low-dose esketamine can reduce 
the incidence of propofol injection pain.14 Additionally, the research revealed that the incidence of cough induced by 
sufentanil was significantly diminished with premedication of 0.15 mg/kg esketamine.15

The pretreatment with opioids prior to induction of anesthesia with etomidate has been shown to reduce myoclonus.16 

Pretreatment with 100 ug of fentanyl reduced the incidence of myoclonus to 8%.17 However, in other study, Bisht M et al 
found that the incidence of myoclonus 32.5% on pretreatment with 2 μg/kg dose of fentanyl.18 Also, fentanyl-induced 
cough immediately before induction of anesthesia occurs in about 30% of non-pretreated patients.19 The incidence of 
myoclonus was reduced to 8% following pretreatment with 0.2 mg/kg nalbuphine.16 Nevertheless, the administration of 
nalbuphine via intravenous injection may result in significant pain localized at the site of injection. Research has shown 
that sufentanil 0.3µg/kg is efficacious in mitigating myoclonus. But patients administered this drug exhibited increased 
sedation levels and decreased respiratory rates.6 The efficacy of alternative opioids, such as alfentanil and buprenorphine, 
have not been shown to prevent etomidate-induced myoclonus by studies.16 Elevated doses of opioids have been shown 
to effectively reduce myoclonic movements, however, this therapeutic benefit is accompanied by a range of undesirable 
adverse effects such as coughing, sedation, respiratory depression, apnea, and chest wall rigidity.6

It has also been investigated whether pretreatment with benzodiazepine reduces myoclonus associated with etomidate. 
Schwarzkopf et al reported that 0.015 mg/kg midazolam pretreatment significantly reduced the incidence of myoclonic 
movements compared with placebo.1 However, patients may experience a prolonged recovery period from benzodiaze
pines. Propofol decreased etomidate-induced myoclonus in adult patients, according to a meta-analysis and systematic 
review. Nevertheless, pretreatment with propofol may not be suitable for patients with limited cardiovascular reserves. 
Pretreatment with dexmedetomidine 0.5 µg/kg allows for a 38% reduction in the incidence of etomidate-induced 

Figure 2 Vital signs change after treatment. (A) MAP (mmHg); (B) HR (beats/min); Group ESK = 0.1 mg/kg esketamine; Group C = placebo. MAP and HR were not 
significantly different at each time point between the two groups. 
Abbreviations: MAP, mean arterial pressure; HR, heart rate; T0, time before administration of esketamine or normal saline injection; T1, 1 minute after administration of 
esketamine or normal saline injection; T2, 1 minute after the etomidate injection; T3, 1 minute after the induction drug injection.

Table 3 Number of Adverse-Effects

Side effects Group ESK (n=50) Group C (n=50)

Hypertension 1 0

Tachycardia 3 2
Respiratory depression 1 0

Hallucination 0 0

Nausea/vomiting 0 0

Notes: Data are given as number of patients (%). Group ESK=0.1 mg/kg esketa
mine, Group C= placebo. * P < 0.001 vs group C.
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myoclonus.20 Dexmedetomidine exhibits a long onset time necessitating administration 15 minutes prior to induction, 
thereby constraining its use in clinical practice.

Etomidate-induced myoclonus has also been reduced by NMDA receptor antagonism pretreatment. Guler et al4 found 
that administering 2.48 mmol of magnesium 90 seconds prior to the induction of anesthesia with etomidate has been 
shown to effectively mitigate the severity of etomidate-induced myoclonus. The incidence of myoclonus following 
magnesium pretreatment is comparable to that observed with pretreatment with esketamine. A low-dose ketamine 
infusion given 60s before etomidate administration effectively mitigates etomidate-induced myoclonic movements during 
general anesthesia induction by Wu, Guan Nan et al.21 Other studies indicate that ketamine was not effective in reducing 
the myoclonus and it caused respiratory depression and sedation.

Lidocaine pretreatment also reduced the incidence of myoclonic movements compared with placebo. A meta-analysis 
indicated that pretreatment with lidocaine can reduce the incidence of etomidate-induced myoclonus,22 but the incidence 
of etomidate-induced myoclonus in the experimental group remained elevated at 37.6%. Additional drugs, such as 
muscle relaxants, have the potential to decrease the incidence of myoclonus. Pretreatment with 0.06 mg/kg rocuronium 
before induction of anesthesia with etomidate significantly reduced the frequency of myoclonus.23 However, the primary 
disadvantage of pretreatment with rocuronium is the discomfort experienced upon injection pain.

Although a number of drugs have been tested to decrease the incidence of myoclonus, the neurologic mechanism of 
myoclonus induced by etomidate is unclear.2,24 Several mechanisms have been proposed to interpret etomidate-induced 
myoclonus. Suttmann et al25 posited that the myoclonic movement triggered by etomidate is a manifestation of disinhibition, 
as higher doses of etomidate are observed to suppress cortical activity prior to subcortical activity. As demonstrated by 
Doenicke et al2, myoclonus after injection of etomidate is caused by subcortical disinhibition, similar to restless legs while 
sleeping. However, many studies suggested that the etomidate-induced myoclonus may be associated with seizure.26

In our study, esketamine reduced the incidence of etomidate-induced myoclonus. In status epilepticus, esketamine 
may be effective at treating seizures by blocking glutamatergic neurotransmission mediated by (NMDA) the N-methyl- 
D-aspartate receptor.27 Furthermore, other study28 reported that the administration of low-dose ketamine successfully 
alleviated myoclonus in a patient undergoing prolonged opioid therapy.

The available literature did not include any research about esketamine and myoclonus. The analgesic and anesthetic 
effects of esketamine are approximately two to three times that of ketamine. Therefore, I chose a concentration of 0.2mg/ 
kg of esketamine for preventing etomidate-induced myoclonus based on the ketamine dose in prior studies during pre- 
test. However, this dosage frequently results in significant hypertension during the induction phase. I conducted a review 
of the existing literature in order to find the minimal dosage of esketamine in clinical practice.29 As a result, we chose the 
dose of 0.1mg/kg esketamine. Finally, the results of our study indicate that pretreatment with 0.1mg/kg esketamine 
resulted in a significant reduction in myoclonus induced by etomidate. Although, there are various concerns regarding the 
use of esketamine, such as heightened intracranial pressure, elevated intraocular pressure, psychodysleptic effects, and 
paradoxical myocardial depression. Neither the above adverse effects nor related symptoms were noted, which is 
consistent with early studies showing low-dose esketamine is safe and has a low rate of adverse reactions.30,31

Our study had some limitations. Firstly, we did not examine the effects of other doses of esketamine on etomidate- 
induced myoclonus incidence, higher doses of esketamine may cause its potential adverse effects. Next, we will 
determine the optimal clinically effective dosage of esketamine for mitigating etomidate-induced myoclonus. 
Furthermore, this research was only carried out at a singular research facility. A further study will evaluate the effects 
of esketamine on the frequency of myoclonus induced by etomidate with different hospitals. Finally, we did not compare 
the effects of esketamine and ketamine on etomidate-induced myoclonus incidence. This research indicates that 
pretreatment with esketamine resulted in a significant reduction in myoclonus induced by etomidate. A further research 
will compare the effects of esketamine and ketamine on the frequency of myoclonus induced by etomidate.

Conclusion
In summary, the results of this study indicate that pretreatment with 0.1mg/kg esketamine resulted in a significant 
reduction in myoclonus induced by etomidate. Therefore, the use of esketamine as a pretreatment offers a viable strategy 
for mitigating etomidate-induced myoclonus during anesthesia induction.
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