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Background: Etomidate has a stable hemodynamic profile after induction, but hypertension and tachycardia 

are frequent after intubation as well as myoclonus. We compared the effects of fentanyl and remifentanil on the 

hemodynamic response to intubation and myoclonus during etomidate induction in elderly patients.

Methods: Ninety ASA I or II patients aged over 65 were randomly assigned to 3 groups. Group C received normal 

saline 10 ml (n = 30), group F and R were pretreated with fentanyl 1.0 μg/kg (n = 30) or remifentanil 1.0 μg/kg with 

continuous infusion of 0.1 μg/kg/min (n = 30) 1 min before induction with etomidate 0.2 mg/kg. Endotracheal 

intubation was performed after administration of rocuronium 0.8 mg/kg. Systolic blood pressure (SBP), mean 

arterial pressure, diastolic blood pressure (DBP), heart rate (HR), and the incidence and intensity of myoclonus were 

recorded.

Results: After intubation, group R showed significant decreases compared with groups C and F for all of the 

hemodynamic variables measured. The incidences of increases in SBP and HR of more than 30% of the baseline 

levels, SBP of > 200 mmHg, and HR of > 120 beats/min were significantly lower in group R (0%, 10%, 0%, and 

0%, respectively) compared with groups C (83%, 83%, 30%, and 13%, respectively) and F (63%, 77%, 13%, and 

7%, respectively). The frequency and intensity of myoclonus were significantly decreased in both groups F and R 

compared with group C.

Conclusions: Pretreatment with remifentanil suppressed cardiovascular reactions to endotracheal intubation more 

effectively than that of fentanyl during etomidate induction. Both opioids reduced the incidence of myoclonus. 

(Korean J Anesthesiol 2013; 64: 12-18)
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Introduction

Elderly patients are at a high risk of experiencing compli-

cations caused by hemodynamic changes after endotracheal 

intubation. Their high risk results from the high prevalence of 

cardiovascular diseases in the elderly population, the difficulty 

in recognizing the diseases due to their atypical presentation, 

as well as the low physiological reserve, pharmacodynamic 

and pharmacokinetic changes, and autonomic nervous system 

changes noted in this population [1]. Therefore, such underlying 

diseases and physiological differences should be considered 

when choosing an anesthetic regimen for elderly patients.

Etomidate is frequently used as an anesthesia-inducing 

drug because of its fast onset of induction and recovery. It also 

provides cardiovascular stability, leads to minor respiratory 

suppression, protects the brain, and induces smaller amounts 

of histamine secretion [2,3]. However, its suppression of 

laryngopharyngeal reflexes during endotracheal intubation 

is insufficient [4]. Thus, etomidate has a stable hemodynamic 

profile after induction, but hypertension and tachycardia are 

frequent after intubation. It is also associated with myoclonus 

after injection as well as adrenal suppression, postoperative 

nausea and vomiting, and pain upon injection. Myoclonus, 

which increases in proportion with the dose of etomidate 

administered, may occur in 50-80% of unpremedicated 

patients [2]. This condition can be a serious problem in non-

fasting emergency conditions, in patients with open eye 

injuries, or in those with limited cardiovascular reserve [5]. 

The occurrences of myoclonus and hemodynamic changes 

after endotracheal intubation can be reduced by pretreatment 

with opioids. Previous studies have reported that fentanyl 

or alfentanil reduced the development of myoclonus and 

hemodynamic changes after endotracheal intubation in elderly 

patients with etomidate induction [6,7]. However, few studies 

describe the effects of the concomitant administration of 

remifentanil with etomidate.

Thus, this study investigated whether the administration of 

a small dose of etomidate resulted in a stable hemodynamic 

profile during an anesthetic induction, and compared the 

effects of pretreated fentanyl to remifentanil on hemodynamic 

changes after endotracheal intubation and the occurrence of 

myoclonus in elderly patients with etomidate induction.

Materials and Methods

The participants in this study included 90 patients aged 

65 years and over who required tracheal intubation with 

American Society of Anesthesiologists physical status I or II 

undergoing elective surgery; informed consent was obtained 

from the patients prior to enrollment. Patients with histories 

of hypertension, diabetes mellitus, myocardial infarction, or 

congestive heart failure were excluded. Those who showed 

conduction block on an electrocardiogram, or who required 

excessive manipulations or repeated attempts to achieve 

tracheal intubation were also excluded. Patients were randomly 

assigned to a control (n = 30, group C), a fentanyl (n = 30, 

group F), or a remifentanil group (n = 30, group R) by having 

patients picking one of 90 cards marked C, F, or R from a 

closed box. All of the patients fasted from midnight, and were 

not premedicated in order to avoid pharmacodynamic and 

pharmacokinetic drug interactions.

The patients were assessed using an electrocardiograph, 

a non-invasive hemadynamometer, a pulse oximeter, and a 

bispectral index (BIS) monitor. Anesthesia was induced after 

ensuring that the blood pressure and heart rate were constant 

when measured at least 3 times. While supplying 100% oxygen 

at 5 L/min for 1-2 min through a mask, 0.2 mg/kg of etomidate 

(Etomidate-Lipuro, B. Braun Melsungen AG, Germany) was 

injected over 20 s intravenously.

Approximately 1 min before the injection of etomidate, 

and 3 min before endotracheal intubation, 10 ml of saline was 

injected into the patients in group C. In group F, 1.0 μg/kg of 

fentanyl was injected over 30 s, whereas in group R, 1.0 μg/kg 

of remifentanil was injected over 30 s, followed by continuous 

infusion at 0.1 μg/kg/min. When the patients became unreactive 

to oral orders, their eyelash reflex disappeared, and the BIS index 

was less than 50, 0.8 mg/kg of rocuronium was administered. 

After 2 min, endotracheal intubation was performed by a skilled 

anesthesiologist. Sevoflurane was adjusted to achieve BIS 

value of 45-60 with 50% nitrous oxide in oxygen. Mechanical 

ventilation was applied to maintain end-expiratory carbon 

dioxide concentrations at 35-40 mmHg.

When myoclonus occurred, its onset and intensity were 

recorded by a trained nurse who was blind to the pretreated 

solution. The intensity measurement grades were as follows: 1, 

no movement; 2, mild (involuntary movement in a small unit 

of the muscle group); 3, moderate (movement in a large unit of 

the muscle group or in 2 muscle groups, or a mild generalized 

response); and 4, severe (generalized response or intense 

movement in 2 or more muscle groups).

Systolic blood pressure (SBP), diastolic blood pressure (DBP), 

mean arterial blood pressure (MAP), heart rate (HR), and BIS 

index were measured and recorded before induction (BASE), 

post-induction (PI), before intubation (BIT), and at each min 

for 5 min after intubation (IT + 1, IT + 2, IT + 3, IT + 4, and IT + 5). 

The percent change in hemodynamic data ([measuring value-

baseline]/baseline × 100%) for each patient was calculated 

during the observation period. The number of patients who 

experienced excessive hemodynamic changes was noted based 

on the following criteria: an increase or decrease in SBP or HR 
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of more than 30% of the baseline level; an SBP of <90 or >200 

mm Hg; or a HR of <50 or >120 beats/min.

All measured values are reported as mean ± standard devi-

ation (SD) and were statistically analyzed using SPSS (version 

12.0, SPSS Inc., Chicago, USA). The demographic data of the 

groups (i.e., age, weight, and height) were analyzed using one-

way ANOVA, whereas gender was analyzed using the chi-square 

test. The differences in the cardiovascular variables among 

the groups were analyzed by one-way ANOVA and Scheffe's 

post hoc test. Discrete data were analyzed using either the chi-

square test or Fisher's exact test, as appropriate. A P value of less 

than 0.05 was judged to be statistically significant.

Results

Endotracheal intubation was performed successfully in all 

patients without any complications. The age, sex, height, and 

weight of the patients, as well as the time taken for endotracheal 

intubation were not significantly different among the groups 

(Table 1). The frequency and intensity of myoclonus events were 

significantly decreased in both groups F and R compared with 

the saline group (P < 0.05, Table 2). However, these values in 

group C and R were not significantly different. The basal values 

of the patients for SBP, DBP, MAP, and HR were not significantly 

different among the groups (Table 3). The BIS index values 

were not significantly different among the groups during the 

observation period, either.

After induction and before intubation, the ΔSBP, ΔDBP, and 

ΔMAP were significantly decreased in group R compared with 

groups C and F (P < 0.05). These values in Group F were not 

significantly different from those in group C until the period 

before intubation. These measured variables in group F were 

not significantly different from those in group C at 1 min after 

intubation. By 2 min after intubation, ΔSBP, ΔDBP, and ΔMAP 

were significantly decreased in group F compared with group 

C (P < 0.05). ΔHR was not significantly different in group F 

compared with group C (P < 0.05). After intubation, group R 

showed significant decreases compared with groups C and F 

for all of the hemodynamic variables measured (P < 0.05) (Fig. 

1-4).

The number of patients who experienced excessive hemo-

dynamic changes is shown in Table 4. The incidences of 

increases in SBP and HR of more than 30% of the baseline 

Table 1. Demographic Data and Intubation Time

Variables
Group C  
(n = 30)

Group F  
(n = 30)

Group R  
(n = 30)

Age (yr)
Sex (M/F)
Height (cm)
Weight (kg)
Intubation time (sec)

    69.6 ± 4.5
15/15

159.1 ± 7.5
 59.1 ± 7.9
 13.2 ± 2.1

    69.4 ± 4.0
16/14

160.0 ± 8.2
 59.4. ± 9.5
 13.8 ± 2.7

    68.9 ± 4.6
15/15

158.5 ± 8.4 
 59.0 ± 10.5
13.3 ± 2.0

Values are expressed as mean ± SD or number of patients. Group 
C: control group received normal saline, Group F: group received 
fentanyl 1.0 μg/kg, Group R: group received remifentanil 1.0 μg/kg 
followed by a continuous infusion of 0.1 µg/kg/min. There were no 
significant differences with respect to physical characteristics and 
intubation time among the groups.

Table 2. Incidences and Intensity of Myoclonus

Group C Group F Group R

Incidence (n)
Intensity (n)
    Grade 1
    Grade 2
    Grade 3
    Grade 4

14 (46.7%)

16
8
4
2

2* (6.7%)

28*
2*
0
0

1* (3.3%)

29*
1*
0
0

Values are number of patients. *P < 0.05 compared with group C.

Table 3. Baseline Hemodynamic Data

Group C Group F Group R

SBP
DBP
MAP
HR

 140.3 ± 11.2
 78.3 ± 9.8
 98.2 ± 9.3
 76.3 ± 9.6

140.0 ± 14.4
79.1 ± 8.8
96.3 ± 9.8

 75.8 ± 13.2

142.6 ± 12.1
 79.5 ± 10.8

100.0 ± 12.8
77.0 ± 8.8

Values are expressed as mean ± SD. Group C: control group received 
normal saline, Group F: group received fentanyl 1.0 μg/kg, Group 
R: group received remifentanil 1.0 μg/kg followed by a continuous 
infusion of 0.1 µg/kg/min, SBP: systolic blood pressure, DBP: 
diastolic blood pressure, MAP: mean arterial pressure, HR: heart rate. 
There were no significant differences among the groups.

Fig. 1. Percent changes of systolic blood pressure (ΔSBP). Values are 
expressed as mean ± SD. PI: post-induction, BIT: before intubation, 
IT + 1-5: 1-5 min after intubation, Group C: control group received 
normal saline, Group F: group received fentanyl 1.0 μg/kg, Group 
R: group received remifentanil 1.0 μg/kg followed by a continuous 
infusion of 0.1 μg/kg/min. *P < 0.05 compared with control group, 
†P < 0.05 compared with group F.
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levels, SBP of >200 mmHg, and HR of >120 beats/min 

were significantly lower in group R (0%, 10%, 0%, and 0%, 

respectively) compared with groups C (83%, 83%, 30%, and 

13%, respectively) and F (63%, 77%, 13%, and 7%, respectively) 

(P < 0.01). No significant differences were observed for any 

comparisons between groups C and F.

With regards to the opioid injection side effects, neither chest 

wall rigidity nor postoperative respiratory discomfort occurred 

in any of the patients.

Discussion

This study examines whether a small dose of etomidate can 

provide a stable anesthetic induction in elderly patients. It also 

compares the effects of fentanyl 1.0 μg/kg and remifentanil 

1.0 μg/kg followed by a continuous infusion of remifentanil 

1.0 μg/kg/min on hemodynamic reactions to endotracheal 

intubation and on reduction of the myoclonus. Based on the 

results of this study, 0.2 mg/kg of etomidate with remifentanil 

Fig. 2. Percent changes of mean diastolic blood pressure (ΔDBP). 
Values are expressed as mean ± SD. PI: post-induction, BIT: before 
intubation, IT + 1-5: 1-5 min after intubation, Group C: control 
group received normal saline, Group F: group received fentanyl 1.0 
μg/kg, Group R: group received remifentanil 1.0 μg/kg followed by 
a continuous infusion of 0.1 μg/kg/min. *P < 0.05 compared with 
control group, †P < 0.05 compared with group F.

Fig. 3. Percent changes of mean blood pressure (ΔMAP). Values are 
expressed as mean ± SD. PI: post-induction, BIT: before intubation, 
IT + 1-5: 1-5 min after intubation, Group C: control group received 
normal saline, Group F: group received fentanyl 1.0 μg/kg, Group 
R: group received remifentanil 1.0 μg/kg followed by a continuous 
infusion of 0.1 μg/kg/min. *P < 0.05 compared with control group, 
†P < 0.05 compared with group F.

Fig. 4. Percent changes of heart rate (ΔHR). Values are expressed as 
mean ± SD. PI: post-induction, BIT: before intubation, IT + 1-5: 1-5 
min after intubation, Group C: control group received normal saline, 
Group F: group received fentanyl 1.0 μg/kg, Group R: group received 
remifentanil 1.0 μg/kg followed by a continuous infusion of 0.1 μg/
kg/min. *P < 0.05 compared with control group, †P < 0.05 compared 
with group F.

Table 4. The Numbers of Patients Experienced Great Hemodynamic Changes

Groups
Systolic blood pressure (mmHg) Heart rate (beats/min)

≥30%‡ <30%‡ >200 <90 ≥30%‡ <30%‡ >120 <50

C
F
R

25
19

0*,†

0
2
8*

9
4
0*

0
0
0

25
23

3*,†

0
0
0

4
2
0

0
0
1

Values are the numbers of the patients. *P < 0.01, compared with group C. †P < 0.01, compared with group F. ‡Percent increases or decreases of 
SBP or HR are ≥30% or <30% of the baselines, respectively.
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1.0 μg/kg followed by a continuous infusion of remifentanil 1.0 

μg/kg/min may be suitable for anesthetic induction in elderly 

patients. Remifentanil reduced the development of myoclonus 

and suppressed cardiovascular reactions to endotracheal 

intubation. Fentanyl reduced the development of myoclonus 

as well, but it did not attenuate hemodynamic response due 

to endotracheal intubation. However, it shows a tendency to 

reduce the increased rate of cardiovascular reactions.

Myoclonus is one of the most notable side effects of eto-

mi date induction. The incidence of myoclonus is approxi-

mately 50-80% for patients who are not premedicated. It is 

a serious problem in non-fasting emergency conditions or 

in patients with open-globe injury because it can lead to a 

vitreous prolapse as a result of high intraocular pressure [8]. 

To prevent the development of myoclonus, pretreatment with 

benzodiazepine, magnesium sulfate and opioids were used. 

Guler et al. [9] reported that 2.248 mmol of magnesium sulfate 

effectively reduced etomidate-induced myoclonus. Helmers et 

al. [10] reported that 5 mg of droperidol and 100 μg of fentanyl 

significantly decreased the incidence of myoclonus. In our 

study, incidences of myoclonus were 3.3%, 6.7% and 46.7% 

in cases of using remifentanil, fentanyl and normal saline, 

respectively. This is consistent with the results of the study 

by Kelsaka et al. [8]. However, in the case of normal saline, 

incidence of myoclonus was slightly lower than that of other 

studies [5,9,11]. It takes into consideration that the ages of the 

patients of our study were greater than 65 years and the dosage 

of etomidate, 0.2 mg/kg, was the minimum quantity.

Etomidate does not reduce myocardial contractility [3] and 

acts as an alpha 2B-receptor agonist [12]. This ensures very high 

hemodynamic stability during anesthesia induction. On the 

other hand, propofol, which is commonly used as an anesthesia 

induction agent, frequently triggers hypotension during 

anesthesia induction and reduces myocardial contractility and 

systemic vascular resistance [13]. However, etomidate cannot 

mitigate a sympathetic response to endotracheal intubation 

because it lacks analgesic efficacy [14,15]. In our study, signs 

of hemodynamic suppression, such as hypotension and 

bradycardia, did not appear. Heart rate and blood pressure 

were stably maintained after injecting etomidate in all the 

patients but a tendency for an increase in heart rate and blood 

pressure was observed in all the patients after the endotracheal 

intubation. In particular, the rates of increase were higher in the 

control group where an opioid was not used in combination 

with etomidate. This is consistent with the results of many 

studies, which indicate that if etomidate is used alone, 

hemodynamic changes caused by endotracheal intubation will 

be difficult to suppress [15,16].

To prevent these reactions of the cardiovascular system, 

such as hypertension or tachycardia, caused by endotracheal 

intubation and to maintain hemodynamic stability, the 

intravenous injection or spraying of lidocaine, the administration 

of inhalation anesthetics, the intravenous injection of beta 

blockers and calcium channel blockers, and the administration 

of nitroglycerin or opioids have been conducted [17]. In 

particular, opioids can effectively suppress the reactions of 

the cardiovascular system to laryngoscopy and endotracheal 

intubation by increasing the depth of anesthesia and blocking 

the reactions of the sympathetic nervous system. Dahlgren and 

Messeter [18] reported that the bolus of fentanyl 5 μg/kg before 

an anesthesia induction effectively suppressed hemodynamic 

reactions to laryngoscopy and endotracheal intubation. 

In a study by Kautto [19], 2 and 6 μg/kg of fentanyl were 

administered. The hemodynamic reactions to endotracheal 

intubation were remarkably suppressed in the 2 μg/kg and 

completely abolished in the 6 μg/kg group. In addition, Weiss-

Bloom and Reich [20] suggested that administering fentanyl 

5-10 μg/kg during anesthesia induction using etomidate could 

prevent hemodynamic reactions to endotracheal intubation. 

However, large amounts of fentanyl may cause thoracic 

spasticity, postoperative hypoventilation or hypotension after 

anesthesia induction [21]. Since elderly patients have relatively 

high plasma drug concentrations by reduced systemic clearance 

[22], reduced doses of fentanyl should be administered. In 

a study where thiopentone and fentanyl 3 μg/kg had been 

administered to 16 patients, Chung and Evans [22] reported 

that respiratory suppression occurred in three of the 16 patients 

and thus naloxone had been administered. In a study where 

thiopentone and fentanyl 1.5 μg/kg had been administered 

to elderly patients, Splinter and Cervenko [23] reported that 

hypotension had occurred in 33% of the patients. In this 

study, fentanyl 1.0 μg/kg was used in order to avoid these side 

effects; no thoracic spasticity, postoperative hypoventilation 

or hypotension after anesthesia induction occurred in any 

of the patients. However, excessive blood pressure elevation 

and tachycardia after endotracheal intubation could not be 

prevented.

Hemodynamic changes were effectively suppressed only 

in the remifentanil group in our study. This is consistent with 

the results of a study by Zhang and Sun [24]. Habib et al. [25] 

reported that the administration of remifentanil 0.5 μg/kg 

followed by its continuous infusion at 0.1 μg/kg/min in elderly 

patients effectively suppressed hemodynamic reactions to 

laryngoscopy and endotracheal intubation. Casati et al. [26] 

reported that the administration of remifentanil 1 μg/kg 

followed by a continuous infusion at 0.1 μg/kg/min effectively 

suppressed cardiovascular changes caused by endotracheal 

intubation. 

However, there have been a few studies conducted on the 

appropriate dosage of remifentanil that can suppress cardio-
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vascular reactions to endotracheal intubation during anesthesia 

induction using etomidate. Zhang and Sun [24] reported that 

the bolus injection of remifentanil 1 μg/kg followed by a con-

tinuous infusion at 0.1 μg/kg/min was effective in blunting the 

cardiovascular response to endotracheal intubation. Kelsaka 

et al. [8] reported that pretreatment with remifentanil 1 μg/

kg reduced myoclonus after etomidate induction without 

side effects. The doses of remifentanil used in our study were 

determined based on these reports. Besides, since the relative 

potency of fentanyl and remifentanil are 1 : 1 [27,28], it can be 

concluded that the two doses of opioid used in our study had 

equal potency. However, since the action duration of fentanyl 

was as long as 30-60 min but the context sensitive half time 

of remifentanil was as short as 3 min, a single bolus injection 

of remifentanil alone could not maintain an effective blood 

concentration until some time had passed after endotracheal 

intubation. Therefore, remifentanil was infused continuously to 

maintain an effective blood concentration.

In this study, a non-invasive method was used to measure 

blood pressure. Since this method takes around 20-30 seconds 

to measure the blood pressure, it has a disadvantage of not 

being able to detect the changes in blood pressure immediately. 

However, if an invasive arterial catheter is installed to measure 

the immediate changes in blood pressure, the catheter itself 

will trigger an increase in plasma catecholamine concentration, 

which may affect the hemodynamic values. More discussion 

and studies on the different methods and their effects are 

necessary to accurately measure blood pressure. 

In conclusion, it can be stated that the administration of 

remifentanil 1 μg/kg followed by its continuous infusion at 

0.1 μg/kg/min may enable a stable anesthetic induction and 

an endotracheal intubation without excessive hemodynamic 

change during an induction of a small dose of etomidate in 

elderly patients. Also, it may more effectively suppress the 

laryngopharyngeal reflex due to endotracheal intubation than 

the administration of fentanyl 1 μg/kg can. It may be also said 

that the pretreatment of patients with fentanyl and remifentanil 

reduced the development of myoclonus, and their effects on 

myoclonus were the same.
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