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Purpose: To compare the effect of etomidate versus propofol infusion on hemodynamic
profiles, spontaneous breathing, and corneal reflex during the induction of anesthesia.
Methods: Adult patients (n=80) were randomized to receive etomidate (Group E, n=40) or
propofol (Group P, n=40) infusion during anesthesia induction. Throughout induction, mean
blood pressure and heart rate were monitored. Time to loss of consciousness (LOC),
bispectral index (BIS), existence of spontaneous breathing, and corneal reflex at LOC were
recorded.

Results: Fewer changes in hemodynamic profile occurred in Group E compared with Group
P during induction of anesthesia. The mean time to LOC was shorter with etomidate than
propofol (129.5 s vs 189.5 s, P<0.0001). BIS was lower in Group E compared with Group
P at LOC (46.3 vs 52.9, P=0.0141). More patients exhibited spontaneous breathing in Group
E compared with Group P at LOC (80% vs 17.5%, P<0.0001). Similarly, more patients
maintained corneal reflex in Group E compared with Group P (34 patients vs 4 patients,
P<0.0001). The incidence of etomidate-induced myoclonus was 17.5%.

Conclusion: Compared with propofol infusion, etomidate infusion during anesthesia induc-
tion had fewer effects on the hemodynamic profile of patients. Among patients who received
etomidate, the BIS value was lower at LOC, and more patients displayed spontaneous
breathing and corneal reflex.

Trial Registry Number: China Clinical Research Information Service, ChiCTR-IOR
-17011050

Keywords: anesthesia, etomidate, propofol, consciousness monitors, bispectral index

Background

Propofol and etomidate are commonly used to induce anesthesia. Both agents
exhibit rapid initiation and brief duration of action. However, etomidate is safer
for elderly and vulnerable patients who are hemodynamically unstable.'”* The
mechanism through which etomidate promotes hemodynamic stability may be
related to the baroreceptor function and a lack of effect on the sympathetic nervous
system.>* By contrast, Goodchild et al reported that clinical concentrations of
propofol did not cause negative inotropic effects or relax arteries.’

In addition to direct effects on the myocardium and peripheral vasculature,
additional underlying mechanisms through which anesthetics cause cardiovascular
effects include central nervous system depression.” ® However, even at the same
level of anesthesia guided by the bispectral index (BIS) value, Méller et al reported
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that etomidate caused fewer hemodynamic changes than
propofol during the induction of anesthesia.’”

BIS is a measure of activity in the cortex and not the
brainstem. The cardiovascular tone was generated in the
brainstem. Therefore, etomidate may have fewer effects on
the brainstem compared with propofol. If this is the case, then
brainstem function, reflected by hemodynamic profiles,
respiratory function, and corneal reflex, should be less
affected by etomidate. In the current study, the primary end-
point was hemodynamic changes with either etomidate or
propofol infusion during induction of anesthesia. The sec-
ondary endpoints were BIS, presence of spontaneous breath-
ing, and corneal reflex at loss of consciousness (LOC).

Methods

We registered the current study with the China Clinical
Research Information Service (ChiCTR-IOR-17011050,
approval date: 2017/04/04) and followed the principles of
the Declaration of Helsinki. The Hospital Ethics Committee
(Shanghai EYE & ENT Hospital) approved the study, and
patients provided written informed consent. Eighty patients
with American Society of Anesthesiologists physical status
I or I and who were undergoing functional endoscopic
sinus surgery were enrolled. Exclusion criteria included
adrenocortical insufficiency, allergies to the study agents,
or declining to participate.

No medication was administered in advance. In the oper-
ating room, BIS (BIS™ XP sensor), ECG, heart rate (HR),
noninvasive blood pressure, and peripheral oxygen saturation
were monitored (Mindray BeneView T8, Shenzhen Mindray
Bio-Medical Electronics Co., Ltd). A peripheral 20-gauge
venous cannula was inserted into the forearm to facilitate
infusion of 0.9% normal saline at a rate of 400 mL/h.
Oxygen was delivered via facemask at a rate of 10 L/min
once induction of anesthesia was initiated. First, patients
received 3 mL of 2% lidocaine. Etomidate (2 mg/mL,
Jiangsu Nhwa Pharmaceutical, Xuzhou, China) or propofol
(10 mg/mL, Fresenius Kabi Pharmaceutical Co. Ltd, Beijing,
China )was then administered at a rate of 200 mL/hr until
LOC. Atthattime, the infusion rate was adjusted according to
the patient’s weight (eg, for patients weighing 70 kg, the rate
was 70 mL/hr ) until laryngeal mask airway (LMA) insertion
was complete. Based on the Minto model, we targeted the
effect-site concentration of remifentanil at 1.5 ng/mL. The
concentration of remifentanil was diluted to 20 pg/mL. After
the corneal reflex test, rocuronium 0.6 mg/kg was

administered to facilitate insertion of LMA, allowing subse-
quent control of ventilation. The BIS sensor (BISTM XP) was
applied according to the manufacturer’s guidelines with
a smooth rate at 30 s. The investigator was blinded to the
study groups and required patients to open their eyes repeat-
edly every 10-20 s during induction. We defined LOC as the
loss of reaction to auditory commands. Following the
patient’s LOC, rocuronium may generate movement which
is presumed to be secondary to pain at the site of injection.®
Visible arm movement during rocuronium administration
was defined as rocuronium injection pain.

Baseline HR and mean arterial pressure (MAP) were
measured before induction (T0). During induction, the hemo-
dynamic profiles were monitored at the following timepoints:
LOC (T1), administration of rocuronium (T2), insertion of
LMA (T3), and 1 min after LMA insertion (T4). At LOC,
BIS, presence of spontaneous breathing, and corneal reflex
were noted. MAP was monitored at an interval of 1 min
during anesthesia induction and an interval of 5 mins during
maintenance. Corneal reflex was tested by dripping 2-3
drops of 0.9% normal saline.

After confirmation of appropriate LMA placement,
etomidate or propofol was discontinued. Sevoflurane and
remifentanil were continued to maintain anesthesia. The
infusion rate of remifentanil was adjusted according to
surgical stimuli. Patients were provided a bolus of mor-
phine at the end of surgery and were visited the next day to
determine awareness of the corneal reflex test.

In our pilot study, which included 12 patients in each
group, we found that the MAP at LMA insertion was 72.8
(10.3) mmHg in the etomidate group and 65.3 (12.7)
mmHg in the propofol group. A sample size of 39 patients
or more for each group would be needed to detect statis-
tically significant differences between groups when apply-
ing power of 0.8 with level 0.05. Hemodynamic changes
were the primary focus, with all other measurements
viewed as secondary outcomes.

We report data as mean + SD, unless otherwise noted.
Unpaired Student’s 7-test was used to analyze parametric
data, and X? or Fisher’s exact test was applied to examine
nominal data. Two-way ANOVA with repeated measure-
ments and interaction between time and group factors was
used to evaluate differences in hemodynamic profiles
between groups. Differences in hemodynamic variables
between groups at different time points were compared
by post hoc Bonferroni test. Significance was set at
p-values <0.05.
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Figure | CONSORT flow diagram. Eighty patients were randomized.
Abbreviations: P, propofol group; E, etomidate group.

Results
Eighty patients enrolled into and completed the study
[Group E (n=40), Group P (n=40)] (Figure 1). Patient
characteristics were examined (Table 1). Gender, age,
weight, height, and baseline BIS were not significantly
different between groups.

HRs in Group E decreased from T, to T; and returned
to baseline at T,, T3, and T4. MAPs in Group E decreased

Table | Demographic characteristics

Parameter Group E Group P p
(n=40) (n=40)

Sex (female/male) 23/17 21/19 0.8

Age (years) 41.73£10.17 40.28+13.11 06

Weight (kg) 62.63+8.83 63.95£9.28 0.5

Height 165.08+6.83 165.1+7.52 |

BIS value 96.5%1.7 96.9%1.0 |

Notes: Data are expressed as mean (SD) or number of patients.
Abbreviations: BIS, bispectral index; E, etomidate group; P, propofol group.

Analysed (n=40)
e Excluded from analysis (give reasons) (n=0)

from Ty to T; and returned to baseline at T,. HRs and
MAPs in Group P decreased from T, to T4 Two-way
ANOVA with repeated measurement analysis showed
there was no statistically significant interaction of time
and group based on HR between the two groups, while
a post hoc Bonferroni test showed that HRs at T,, T, and
T, were significantly higher in Group E than those in
Group P (Figure 2A, P=0.1). Repeated-measurement
ANOVA with a post hoc Bonferroni test
a difference in MAP over times between the two groups,

showed

with MAPs at T; and T, being significantly higher in
Group E than those in Group P (Figure 2B, P=0.003).
The mean time to LOC was significantly shorter with
etomidate than with propofol (129.5 s vs 189.5 s,
P<0.0001). The average dose to reach LOC was
0.23 mg/kg for etomidate and 1.64 mg/kg for propofol.
At LOC, BIS was significantly lower in Group
E compared with Group P (46.3 vs 52.9, P=0.01). Thirty-
two patients (80%) were spontaneously breathing at LOC
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Figure 2 Changes in heart rate, HR (Panel A) and mean arterial pressure, MAP (Panel B) at the indicated time points during induction in the propofol (P) and etomidate (E)
groups. Ty, baseline value before anesthesia; T), at loss of consciousness; T, at administration of rocuronium; Ts, insertion of laryngeal mask airway; T4, | min after LMA

insertion. *P<0.05, **P<0.01, ***P<0.001; repeated-measurement ANOVA.

in Group E, whereas only seven patients (17.5%) were
breathing at LOC in Group P, P<0.0001. Similarly, corneal
reflex was maintained in a significantly greater number of
Group E patients compared with those in Group P (34
patients vs 4 patients, P<0.0001). More patients in Group
E than in Group P presented with pain from rocuronium
injection, but the difference was not significant (12
patients vs 8 patients, P=0.4). The incidence of etomidate-
induced myoclonus was 17.5% (Table 2).

No patients reported awareness of the corneal reflex
test.

Discussion

We compared etomidate vs propofol infusion in terms of
hemodynamic changes, existence of spontaneous breath-
ing, and corneal reflex during the induction of anesthesia.

Table 2 Time to LOC, agent dosage, BIS value, respiratory
variables, and adverse events

Group E | Group P | p
(n=40) (n=40)
Dosage (mgkg ') 0.23£0.05 1.64+0.34
Time to LOC (s) 129.5+25.8 | 189.5+52.1 | <0.0001
BIS value at LOC 46.3£14.3 52.9+8.6 0.01
Presence of spontaneous 32 (80%) 7 (17.5%) <0.0001
breathing
Presenceof corneal reflex 34 (85%) 4 (10%) <0.0001
Rocuronium injection pain 12 (30%) 8 (20%) 0.4
Etomidate-induced 7 (17.5%)
myoclonus

Notes: Data are expressed as number (percentage) or mean (SD).
Abbreviations: LOC, loss of consciousness; BIS, bispectral index; E, etomidate
group; P, propofol group.

Etomidate provided a more stable hemodynamic profile
during induction. Among patients in Group E, at LOC,
the BIS value was lower, and more patients exhibited
spontaneous breathing and corneal reflexes.

In our study, etomidate exhibited fewer hemodynamic
changes when compared with propofol. MAP and HR
decreased by approximately 10% at LOC when compared
with baseline in both groups. At other time points, MAP
and HR were higher in the etomidate group. The effect of
etomidate on hemodynamic stability may be caused by its
lack of effect on baroreceptor function and the sympathetic
nervous system.>*° The increase of HR and MAP from T1
to T2 in Group E indicated that injection pain of rocur-
onium more profoundly activated the sympathetic nervous
system. However, Goodchild et al found that propofol did
not cause a negative inotropic effect or relax arteries at
clinical concentrations.’

Anesthetics cause central nervous system depression.
In 1985, Thornton et al reported that etomidate suppresses
cortical activity in a dose-dependent manner but does not
affect brainstem response.'® This finding indicates that
anesthetic responses result from changes at the cortical
level. Thus, effects of anesthetics, such as reduced blood
pressure and apnea, may be indirectly related to the brain-
stem. By contrast, Tooley et al found that propofol alters
the latency of brainstem wave V, indicating that propofol
suppresses brainstem response.'’ Even at the same depth
of anesthesia guided by the BIS value, Moller et al
reported that etomidate caused fewer hemodynamic
changes than propofol during induction.” Furthermore,
even with a lower BIS value at LOC, more patients in
Group E maintained spontaneous breathing and corneal
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reflex. These findings demonstrate that etomidate has
fewer effects on brainstem function.

Propofol is the agent most commonly used for induc-
tion of anesthesia. The recommended bolus dose is
2.5 mg/kg to achieve LOC in 95% of subjects. However,
this dose may induce a greater degree of hypotension
relative to opioids.'? Decreasing the rate of propofol
administration may prevent hypotension before tracheal
intubation. A lower rate of propofol infusion can also
reduce the total propofol dose required for LOC.'
induction of

Etomidate is a candidate agent for

anesthesia.'> An outstanding property of etomidate is
maintenance of hemodynamic stability compared with
effects of propofol.>”'*'> In our study, we delivered
both agents by infusion. The average dose of propofol to
reach LOC was 1.64 mg/kg and that of etomidate was
0.23 mg/kg.

BIS is closely related to the depth of anesthesia and LOC
for propofol and etomidate.'®"® In our study, we defined LOC
as loss of response to verbal command. The BIS value was 46.3
in Group E and 53.4 in Group P at LOC. These values are
within the recommended BIS value range of 40 to 60 for well-
tolerated anesthesia.'® Furthermore, no patients recalled the
corneal test. In our study, when the two agents were delivered
by infusion, the mean time to LOC was 129.5 s for etomidate
and 189.5 s for propofol. These results are in contrast to those
reported by Moller et al,” who found that propofol exerted
actions, such as time to palpebral reflex loss and BIS 60, more
rapidly than etomidate. Differences in drug infusion strategy
may contribute to the different findings.

Myoclonus is a common adverse effect of etomidate, with
an incidence of approximately 70%." In our study, the inci-
dence of myoclonus was 17.5%. Slow delivery” and opioids’
can decrease the incidence of myoclonus. Another well-known
side effect of etomidate is adrenocortical suppression.
However, even vulnerable patients do not experience adrenal
crisis in response to etomidate.” A systematic review and meta-
analysis revealed that in patients with sepsis a single dose of
etomidate did not increase mortality.”'

There were several limitations in our study. First, the
patients in our study were relatively healthy and did not
harbor hemodynamic vulnerabilities as found among the
elderly. However, our study confirmed that etomidate
maintained hemodynamic stability to a greater extent
than that achieved by propofol. Second, etomidate and
propofol infusion doses were not calculated by equipo-
tency. We manually delivered both agents at a constant
infusion rate until LOC. Recently some authors used the

closed-loop anesthesia by propofol and calculated the per-
centage of time in which the BIS was in the range.”
Future studies regarding manual vs closed-loop adminis-
tration and percentage of time in which the BIS was in
a specified value should be carried out. Third, except for
corneal reflex, brainstem function was not specifically
evaluated. Further study is warranted to test the hypothesis
that etomidate has fewer effects on brainstem function
compared with propofol.

Conclusion

In summary, etomidate causes fewer hemodynamic
changes than propofol during anesthesia induction. At
LOC, the BIS value was lower in Group E. Spontaneous
breathing and corneal reflex were preserved in more
patients who received etomidate compared with those
who received propofol. These findings suggest that etomi-

date may have fewer effects on brainstem function.
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