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Abstract

Background: Myoclonus is reported to occur in 50-80% of patients receiving etomidate in the absence of
pretreatment. The study aimed to evaluate the efficacy of pretreatment with low-dose midazolam and fentanyl, and
midazolam alone to reduce the occurrence of etomidate-induced myoclonus. Sixty patients were randomly divided
into 2 groups. In group MF, patients received pretreatment with intravenous (IV) midazolam 0.015mg/kg in a
volume of 5 ml normal saline, followed by IV fentanyl 1ug/kg in a volume of 5 ml normal saline. In group M,
patients received pretreatment with IV midazolam 0.03mg/kg in a volume of 5 ml normal saline, followed by 5ml of
IV normal saline. The test drug was injected over 30 s, and after 120 s, IV etomidate 0.3 mg/kg was injected over 30
s. The patients were observed for 120 s for myoclonus and graded as mild, moderate, or severe. Heart rate, blood
pressure, and oxygen saturation were recorded immediately after test drug injection and at every minute for 5 min.
Results: The demographic parameters and hemodynamic parameters were comparable between the two groups.
In group M, the incidence of myoclonus was 36.67% (26.67% mild and 10% moderate) whereas, in the group MF,
the incidence of myoclonus was 26.67% (3.33% mild, 16.67% moderate, and 6.67% severe). This incidence of
myoclonus was significantly lower in group MF (p=0.030).

Conclusions: The incidence of etomidate-induced myoclonus is significantly lower in patients pretreated with
midazolam and fentanyl combination as compared to midazolam alone.

Trial registration: Clinical Trial Registry Details: CTRI/2019/05/018920
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Background

Etomidate is a carboxylated imidazole-containing com-
pound that was introduced as an anesthetic induction
agent (Gupta & Gupta, 2018). It is used as an alternative
to propofol, especially in the presence of an unstable
cardiovascular system due to its relatively large safety
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margin for hemodynamic stability because it does not
affect the sympathetic nervous system and function of
the baroreceptors (Ali, 2019). But it is associated with
various side effects; primarily adrenocortical suppression
and pain on injection, postoperative nausea and vomit-
ing, increase in intraocular pressure, myoclonus, and
hiccups (Gupta & Gupta, 2018).

Myoclonus is reported to occur in 50-80% of patients
receiving etomidate in the absence of pretreatment (Gupta
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& Gupta, 2018). Myoclonus is defined as sudden, brief, in-
voluntary jerking of a muscle or group of the muscles, ei-
ther irregular, or rhythmic (Faught, 2003). In some
patients, there can be serious consequences of this side ef-
fect, e.g., non-fasted emergency patients carry the risk of
regurgitation and aspiration, open globe injuries are at
high risk of prolapse of vitreous material.

There have been studies regarding the use of various
other drugs like remifentanil, ketamine also for the pre-
vention of etomidate-induced myoclonus (EIM)
(Schwarzkopf et al., 2003; Hwang et al., 2008; Wu et al.,
2016). While a study comparing midazolam with the
control group suggested a 50% decrease in the incidence
of EIM with midazolam, (Schwarzkopf et al., 2003) an-
other study suggested a 40% decrease in EIM using mid-
azolam (Hiter et al., 2007). Very few studies (Prakash
et al, 2019; Isitemiz et al., 2014) have used a combin-
ation of fentanyl and midazolam, which is important to
minimize any hemodynamic changes due to the individ-
ual drugs used to prevent myoclonus associated with
etomidate. Though they have reported a decreased inci-
dence of etomidate-induced myoclonus in those patients
receiving the combination, the results from these studies
are not conclusive regarding the best option to prevent
etomidate-induced myoclonus.

Midazolam and fentanyl (one or both) are essential
components of induction of anesthesia, and we can use
these essential drugs (fentanyl and/or midazolam
followed by induction doses of etomidate after 2 min of
wait period to allow the onset of action of midazolam
and/or fentanyl) to decrease the incidence of EIM and it
can avoid the use of concomitant use of other drugs for
prevention of EIM

The aim of the study was to evaluate the efficacy of
pretreatment with low-dose midazolam and fentanyl and
midazolam alone in reducing the occurrence of
etomidate-induced myoclonus in patients for surgery
under general anesthesia.

Methods

This double-blinded randomized active-controlled com-
parative study was conducted after the approval from
the institutional ethics committee and registration with
the clinical trial registry of India (CTRI/2019/05/018920)
between November 1, 2019, to March 31, 2020, in a ter-
tiary care central government institute. Patients of either
sex, age between 18 and 65 years belonging to the
American Society of Anesthesiologists (ASA) Grades I
and II posted for elective surgery under general
anesthesia were included in this study. Patient with a
history of any neurological disease, adrenal cortical dys-
function, history of allergy to study drugs, and those
having received any sedative within the previous 24 h—
pregnant or lactating women were excluded.
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The sample size was calculated based on a previous
study (Dey & Kumar, 2018) which observed that the oc-
currence of myoclonus in the group receiving midazo-
lam was 62.5%. Taking this value as a reference and
assuming a difference of 40% of myoclonus occurrence
between midazolam alone and midazolam and fentanyl
combined, the minimum required sample size with 90%
power of study and 5% level of significance was 27 pa-
tients in each study group. So a total sample size taken
was 60 (30 patients per group).

After a thorough pre-operative evaluation the patients
were randomly allocated into two groups, of 30 patients
each, using computer-generated random numbers.
Randomization and group allocation were done by an in-
dependent anesthesiologist who was not part of the
study. Allocation concealment was done using a sequen-
tially numbered sealed opaque envelope technique.
Written informed consent was taken a day before
surgery.

In the operation theatre, standard monitors like non-
invasive blood pressure, pulse oximeter, and 5 lead elec-
trocardiogram were attached and baseline parameters
were recorded. An 18 G intravenous catheter was
inserted on the dorsum of the hand and ringer lactate
infusion was started. While being pre oxygenated with
100% oxygen, patients were administered drugs used for
the study based on the group he/she was assigned to the
following:

Group MF

The patients received pretreatment with intravenous
(IV) midazolam 0.015mg/kg in a volume of 5 ml normal
saline, followed by IV fentanyl 1ug/kg in a volume of 5
ml normal saline.

Group M

The patients received pretreatment with IV midazolam
0.03mg/kg in a volume of 5 ml normal saline, followed
by 5ml of IV normal saline.

The test drug (midazolam with fentanyl combination
or midazolam alone) was injected over 30 s, and after
120 s, IV etomidate 0.3 mg/kg was injected over 30 s.
The patients were observed for 120 s for myoclonus by
an independent observer who was not part of the study
team and was blinded to the group allocation. Then, IV
vecuronium bromide 0.1 mg/kg was administered. Heart
rate, blood pressure, and oxygen saturation were re-
corded immediately after test drug injection and at every
minute for 5 min at which point the study period ended.
Following this, IV fentanyl 2 pg/kg was given to group
M and IV fentanyl 1 pg/kg was given to the group MF
as boluses to complete the analgesic dose of IV fentanyl.
Tracheal intubation was performed and anesthesia was
maintained using 1 MAC sevoflurane in 50:50 O, and
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N,O. At the end of the surgery, the neuromuscular
blockade was reversed using Inj. Neostigmine 0.05 mg/
kg and Inj. glycopyrrolate 0.01 mg/kg.

Myoclonus is an involuntary action, short contraction
of few muscle fibers or whole muscle, leading to a tran-
sient movement of the body part. The occurrence and
severity of myoclonus were graded by the scale given by
Doenicke et al. (Doenicke et al., 1999) where the move-
ment of a short movement of a body segment like finger
or shoulder (mild myoclonus), movement of two differ-
ent muscles or muscle groups of the body, e.g., face and
leg (moderate myoclonus) and intense clonic movement
in two or more muscle groups like fast abduction of a
limb (severe myoclonus).

The hemodynamic parameters like pulse rate (PR),
systolic blood pressure (SBP), diastolic blood pressure
(DBP), and mean blood pressure (MBP) were noted at
baseline, 1 min, 2 min, 3 min, 4 min, and 5 min after
giving the test drugs.

In statistical analysis, categorical variables were pre-
sented in number and percentage (%) and continuous
variables were presented as mean + SD and median. The
normality of data was tested by the Kolmogorov-
Smirnov test. If the normality is rejected, then a non-
parametric test was used.

Quantitative variables were compared using the un-
paired ¢ test/Mann-Whitney test (when the data sets
were not normally distributed) between the two groups.
The qualitative variable was compared using the chi-
square test/Fisher’s exact test. A p value of <0.05 was
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considered statistically significant. The data were ana-
lyzed using the Statistical Package for Social Sciences
(SPSS, IBM) version 21.0.

Results
A total of 69 patients were assessed for eligibility, and 60
patients were recruited and all completed the study as
mentioned in the consort diagram (Fig. 1). There was a
statistically similar gender distribution, body weight (in
kg), and ASA grade in both groups. The mean age in
group MF was 33.97 + 13.4 years and in the group, M
was 41.6 + 16.68 years and statistically similar (Table 1).
Fisher’s exact test was used to assess the incidence and
severity of EIM. There was a significant difference in the
incidence and severity of myoclonus between the two
groups. In group M, the incidence of myoclonus was
36.67% which comprised of 26.67% mild, 10% moderate,
and 0% severe myoclonus while in the group MF, the in-
cidence of myoclonus was 26.67% which comprised
3.33% mild, 16.67% moderate, and 6.67% severe degree
of myoclonus and difference between two groups was
statistically significant (p=0.030) (Table 2).

Mann-Whitney U test or Student’s ¢ test was used as
applicable to analyze the hemodynamic parameters.
There was no significant difference between the varia-
tions in the pulse rate at various time intervals among
the patients in both groups.

There was a fall in SBP, DBP, and MBP from baseline
in the group M as well as in the group MF after admin-
istration of test drugs. However, falls in all blood

Midazolam Group, n=30 [P

Lost to follow-up, n=0 [P

Analysed, n=30

Fig. 1 Consort diagram
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Table 1 Demographic details of both groups
Group MF" Group M* P value
(n=30) (n=30)
Number (percentage) Number (percentage)
Age in years, mean+SD* (angle) 3397 + 134 (19-61) 416 + 16.68 (18-75) 0.088
Age distribution in years <20 5(16.67) 2 (6.67) 0320
21-30 11 (36.67) 8 (26.67)
31-40 6 (20) 3(10)
41-50 4(13.33) 7 (23.33)
51-60 3(10) 7(2333)
>60 1(333) 3 (10)
Gender Male 17 (56.67) 17 (56.67) 1.00
Female 13 (43.33) 13 (43.33)
ASA grade | 15 (50) 19 (63.33) 0.297
Il 15 (50) 11 (36.67)
Body weight in kg 62.13 + 693 (48-73) 63.1 £ 8.1 (48-78) 0.603

Mean+SD* (range)

Chi-square test, Fisher's exact test and Mann-Whitney U test were used to analyze the demographic parameters

"MF Midazolam with Fentanyl, "M Midazolam, ¥SD Standard Deviation

pressure, SBP, DBP, and MBP were comparable in both
groups. The hemodynamic parameters up to 5 min after
giving test drugs are shown in Fig. 2. There was no dif-
ference in oxygen saturation in both groups throughout
the study in both groups at all-time intervals.

Discussion
In our study, we had chosen midazolam doses 0.015 mg/
kg IV. We had observed the occurrence of EIM for 120
s, and it was based on previous studies in which they ob-
served myoclonus from 90 s to even 10 min, but most of
the EIM occurred within 120 s (Schwarzkopf et al., 2003;
Hwang et al, 2008; Hiiter et al., 2007; Prakash et al,
2019; Isitemiz et al., 2014; Dey & Kumar, 2018; Doenicke
et al., 1999; Khteishat et al., 2011; Aktolga et al., 2010;
Yang et al., 2000).

Various studies have taken midazolam doses ranging
from 0.015 to 0.5 mg/kg, and most of the studies have
taken 0.015 mg/kg which is the minimum effective dose

Table 2 Incidence and severity of myoclonus in both groups

for sedation as well as prevention of EIM (Schwarzkopf
et al, 2003; Hwang et al.,, 2008; Hiiter et al., 2007; Pra-
kash et al, 2019; Isitemiz et al, 2014; Dey & Kumar,
2018; Doenicke et al., 1999; Khteishat et al, 2011;
Aktolga et al, 2010; Yang et al., 2000). We found that
the incidence of EIM in patients pretreated with
0.015mg/kg midazolam and 1 pg/kg fentanyl was signifi-
cantly less than in those patients pretreated with
0.03mg/kg midazolam; however, the severity of myoclo-
nus was higher.

The total incidence of myoclonus in the midazolam
group was 36.67% while in the midazolam along with
fentanyl group was 26.67%. The higher severity of EIM
in midazolam along with the fentanyl group is in con-
trast to a previous study (Prakash et al., 2019) and the
reason cannot be explained.

Though the exact mechanism of action is not clear, it
may be because of subcortical disinhibition that nor-
mally suppresses extrapyramidal motor activity, or due

Myoclonus grade Group MF Group M Total P value
(n=30) (n=30) Number (percentage)
Number (percentage) Number (percentage)

None 22 (73.33) 19 (63.33) 41 (68.33) 0.030

Mild 1(3.33) 8 (26.67) 9 (15)

Moderate 5(16.67) 3(10) 8(13.33)

Severe 2 (6.67) 0 (0) 2 (3.33)

Total 30 (100) 30 (100) 60 (100)

Fisher's exact test was used to calculate the incidence and severity
“MF Midazolam with Fentanyl, "M Midazolam

The occurrence and severity of myoclonus were graded in none, mild, moderate, and severe. A short movement of a body segment like finger or shoulder (mild
myoclonus), movement of two different muscles or muscle groups of the body, e.g., face and leg (moderate myoclonus) and intense clonic movement in two or

more muscle groups like fast abduction of a limb (severe myoclonus)
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Fig. 2 Hemodynamic parameters, A showing pulse rate, B showing systolic blood pressure, C showing diastolic blood pressure, and D showing
mean blood pressure at various periods in midazolam with fentanyl (FM) group and midazolam alone (M) group

to lower concentration of inhibitory neuronal circuits
and at lower concentrations than the excitatory circuits
(Doenicke et al., 1999; Gancher et al., 1984). Yet another
potential mechanism may be that etomidate acts on the
gamma-aminobutyric acid (GABA), receptor leading to
inhibition of the central nervous reticular activating sys-
tem. Due to inhibition of neurotransmission through
GABA, receptor activation, there may be the skeletal
muscle control of relevant signal transmission which al-
lows the occurrence of autonomic nervous conduction
(Doenicke et al., 1999; Gancher et al., 1984). EEG obser-
vations showing non-seizure phenomena like isolated,
rapid, sharp transients may be seen during the myoclo-
nus but epileptic paroxysms or ictal spiking is not seen,
therefore suggesting a lack of epileptogenic foci for these
myoclonic movements (Doenicke et al., 1999).

EIM can be prevented by pre-treatment with benzodi-
azepines or fentanyl, which inhibit subcortical neuronal
activity. Benzodiazepine (midazolam) with or without
opioids (fentanyl) decrease the occurrence of EIM by
causing the central nervous system inhibition, by their
action on different receptors. Fentanyl causes the stimu-
lation of p receptors on GABA-nergic neurons in the
basal ganglia and also decreases the incidence of EIM
(Prakash et al., 2019).

Many previous studies have shown conflicting results
regarding the role of midazolam pretreatment on its effi-
cacy in reducing EIM. In a recent meta-analysis, it was
reported that midazolam can effectively decrease the oc-
currence of EIM as well as the severity of EIM (Zhou
et al,, 2017). Some studies show the incidence of EIM

following midazolam pre-treatment to range from 10 to
20% (Schwarzkopf et al., 2003; Hwang et al., 2008; Hiiter
et al,, 2007; Khteishat et al., 2011). Wang et al. reported
only mild EIM in patients pretreated with 0.05mg/kg
midazolam with an incidence of 17%. Patel et al. re-
ported a 40% incidence of EIM in patients premedicated
with 0.05mg/kg midazolam and the absence of severe
myoclonus (Hwang et al., 2008). Aktolga et al. also re-
ported a 37% incidence of EIM and no incidence of se-
vere myoclonus in patients pretreated with midazolam
0.05mg/kg (Aktolga et al., 2010).

Opioids have been demonstrated in various studies to
decrease the incidence of EIM. Pretreatment with fen-
tanyl 2 pg/kg resulted in an incidence of EIM of 5.6%
and 6.7% (Khteishat et al., 2011; Yang et al., 2000) while
in another study, fentanyl 100 ug was found to be inef-
fective in decreasing EIM (Fassoulaki et al., 1987). Stock-
ham et al, using three doses of fentanyl, demonstrated
that patients receiving fentanyl 500 ug experience apnea
but no myoclonus compared to patients receiving 100
ug fentanyl with a 33% incidence of myoclonus (Stock-
ham et al., 1998).

There are only a few studies in the current literature
that compare midazolam with a combination of midazo-
lam and fentanyl as premedication to prevent etomidate-
induced myoclonus.

Prakash et al. (Prakash et al., 2019) reported 48.6%,
78.6%, and 15.7% incidence of EIM in patients receiving
pretreatment with 2pg/kg fentanyl, 0.03mg/kg midazo-
lam, and a combination of 2ug/kg fentanyl and 0.03mg/
kg midazolam, respectively. Their finding regarding the
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lower incidence of EIM in the fentanyl and midazolam
group is consistent with our findings. However, in con-
trast to their study, we found no incidence of severe
myoclonus in the midazolam-only group.

Isitemiz et al. (Isitemiz et al., 2014) reported 85%,
40%, 70%, and 25% incidence of EIM in the control
group, lug/kg of the fentanyl group, 0.03mg/kg of the
midazolam group, and a combination of 0.5ug/kg of
fentanyl and 0.015mg/kg of the midazolam group, re-
spectively. Those patients who received fentanyl pre-
medication and those who received midazolam both
had an incidence of 25% mild and moderate myoclo-
nus, but the incidence of severe myoclonus was high
in those patients in the midazolam group (45%) than
the fentanyl group (15%). They have reported a de-
crease in myoclonus when both fentanyl and midazo-
lam were given as premedication which is similar to
our findings. In their study, the incidence of myoclo-
nus in the midazolam-only group is higher than seen
in our study, with increased severity as well.

While the incidence of myoclonus in our study was
36.67% following pre-treatment with midazolam 0.03
mg/kg administered 2 min before etomidate, there are
other reports which have noted the ineffectiveness of
midazolam in reducing EIM. Sedighinejad et al. used
0.015mg/kg midazolam in a study comparing different
drugs to prevent EIM and found that the incidence in
the midazolam group to be 71.85% out of which 58.8%
was severe myoclonus (Sedighinejad et al., 2016). Wasin-
wong et al. too had similar results with midazolam pre-
treatment before induction with etomidate. There was a
78% incidence of myoclonus in patients who were given
0.03mg/kg midazolam as pretreatment (Wasinwong
et al.,, 2011).

The differences in our results from those of previous
authors may be related to differences in the dosage and
timing of administration of pre-treatment agents, the
rate of administration of etomidate, and population
characteristics. Contrary to our findings, Isitemiz et al.
found that the mean arterial pressure measurements
were significantly lower in patients who were given a
combination of midazolam and fentanyl as premedica-
tion as compared to those patients who received only
midazolam and those who were not given any pre-
medication (Isitemiz et al., 2014).

Our study has certain limitations, we only included
ASA I/1I patients, so further studies may be required to
assess EIM in patients with significant comorbidities and
adverse events that may occur as a result. We also did
not compare different doses of midazolam, which could
have brought clarity regarding the ideal dose of midazo-
lam for the prevention of etomidate-induced myoclonus
without causing significant variation in hemodynamic
parameters.
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Conclusions

The incidence of etomidate-induced myoclonus is sig-
nificantly lower, but the severity is more when midazo-
lam along with fentanyl is given as pretreatment as
compared to pretreatment with midazolam 2 min (120
s) before induction doses of etomidate.
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