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Abstract: Objective: To investigate the safety of etomidate anesthesia induction combined with Bispectral index
(BIS) feedback closed-loop target-controlled infusion of propofol for spinal surgery in elderly patients. Methods:
Clinical data of 90 elderly patients who underwent elective spinal surgery were retrospectively analyzed. The pa-
tients were assigned to an etomidate group (n=48) and a propofol group (n=42) according to the different anesthe-
sia methods. The etomidate group was anesthetized with etomidate combined with BIS feedback closed-loop target-
controlled infusion, and the propofol group was anesthetized with closed-loop target-controlled infusion induced by
propofol. The mean arterial pressure (MAP) and heart rate (HR) of the two groups were statistically analyzed 5 min
after admission to the operating room (TO), the moment of the intubation (T1), 3 min after intubation (T2), 1 min
before prone position (T3), 3 min after prone position (T4), the end of suture skin (T5) and 3 min after supine posi-
tion (T6). In addition, the vasoactive drug application, awakening time, tracheal tube extraction time and incidence
of postoperative complications were compared between the two groups. Results: There were significant changes
in MAP and HR from TO to T1 in both groups (MAP: etomidate group t=5.677, P<0.001, propofol group t=8.093,
P<0.001; HR: etomidate group t=2.731, P=0.008, propofol group t=3.967, P<0.001). MAP changes in etomidate
group from TO to T1 were less (MAP: t=4.236, P<0.001; t=2.082, P=0.040), and there was no significant difference
in HR between the two groups (P>0.05). There were fewer patients receiving vasoactive drugs in the etomidate
group (x>=5.070, P=0.024), but no significant difference was found in the incidence of complications between the
two groups, x?=3.670, P=0.055. Conclusion: Compared to propofol, the application of etomidate combined with BIS
feedback closed-loop target-controlled infusion in spinal surgery anesthesia for elderly patients can keep hemody-
namics in a stable state, without affecting postoperative resuscitation, showing high safety, so it is worthy of clinical
application.
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Introduction

Spinal diseases are mostly caused by an accu-
mulation of long sitting time and improper sit-
ting posture and are more common in the elder-
ly due to the long-term formation process [1].
With the acceleration of the aging of China’s
population, there are an increasing number of
elderly people with spinal diseases, so more
and more spinal surgeries are needed. In
elderly patients, the reserve and compensative
functions of each organ are decreased, and
the pharmacokinetics and pharmacodynamics
have changed, so the depth of anesthesia is

not easy to control. In addition, spinal surgery is
performed in a prone position, so the anesthe-
sia induction and position transformation are
prone to cyclic adverse events [2]. Therefore,
the selection of anesthetic drugs for spinal sur-
gery in elderly patients has become a clinical
concern. Studies have shown that etomidate
has mild inhibition of circulatory function and is
suitable for anesthesia induction in the elderly
[3]. Bispectral index (BIS) feedback closed-loop
target-controlled infusion system can stabilize
hemodynamics, which is conducive to personal-
ized drug use [4]. Our project team found that
etomidate was used to stablize hemodynamics
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in elderly patients during anesthesia induction
in spinal surgery. Based on the above findings,
we hypothesized that anesthesia induction
with etomidate combined with anesthesia ma-
intenance with BIS feedback propofol closed-
loop target-controlled infusion could be used in
elderly patients undergoing spinal surgery. We
hope to understand if this combination could
stabilize the anesthesia process and hemody-
namics in elderly patients undergoing spinal
surgery, thus speeding up patients’ recovery
and reducing postoperative complications.
After collecting a large amount of literature,
researchers found that there were only a few
relevant studies reported at present. Therefore,
the application of etomidate combined with BIS
feedback for spinal surgery in elderly patients
may become a new anesthesia method. In this
study, a retrospective analysis was used to col-
lect clinical data of elderly patients undergoing
elective spinal surgery, aiming to explore the
safety of etomidate combined with BIS feed-
back closed-loop target-controlled infusion,
and to provide a reference for further improving
the anesthesia safety in such patients.

Materials and methods
Sample size calculation

In this study, patients in the propofol group
(control group) were selected by the pairing
method. The iterative expanding radius match-
ing method was applied to initiate pairing, and
the matching ratio was 1:1 to 1:4. After the
matching ratio reached 1:4, the number of
matching cases was increased. There were 48
elderly patients undergoing elective spinal sur-
gery who were anesthetized by etomidate com-
bined with BIS feedback closed-loop target-
controlled infusion. The paired factors of the
propofol group were sex, age, weight and ASA
to make the two groups comparable. Forty-two
patients were selected as the propofol group
from the patients who were anesthetized with
closed-loop target-controlled infusion induced
by propofol.

Data source

This study was approved by the Ethics Com-
mittee of The Second Affiliated Hospital of Xi’an
Medical University and adopted a retrospective
cohort study design. Through the electronic me-
dical record system, 90 elderly patients who
underwent elective spinal surgery in our hospi-
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tal from February 2019 to February 2022 were
selected according to the following inclusion
criteria. 1) Patients underwent elective spinal
surgery. 2) Patients were 60 years old or older,
and without delirium, coma, or disturbance of
consciousness before surgery. 3) Patients had
no significant hearing impairment or loss, visu-
al impairment, or dementia before surgery. 4)
Patients were evaluated with American Stan-
dards Association (ASA) scale [5] and had
Grade I-1ll. 5) Patients had complete and stan-
dardized medical records, including clinical
data, preoperative examination results, surgi-
cal data, treatment data and complications
records.

We excluded patients whose body mass index
<18 or >28 kg/m?, patients who underwent
local anesthesia only, patients with incomplete
data and required Statistical Analysis System
(SAS) calculation, patients who underwent
simultaneous surgery on other body parts,
patients with an ASA rating higher than Grade
IV, or patients who died within 24 hours after
surgery.

Data collection

Clinical data included the mean arterial pres-
sure (MAP) and heart rate (HR) of patients 5
min after admission to the operating room (TO),
the moment of the intubation (T1), 3 min after
intubation (T2), 1 min before prone position
(T3), 3 min after prone position (T4), at the end
of suture skin (T5) and 3 min after supine posi-
tion (T6).

Treatment data included the vasoactive drug
application, awakening time, tracheal tube
extraction time, and incidence of postoperative
complications.

Grouping and anesthesia methods

Grouping: Patients were assigned to an etomi-
date group and a propofol group according to
the different anesthesia methods. The etomi-
date group was anesthetized by etomidate
combined with BIS feedback closed-loop tar-
get-controlled infusion, and the propofol group
was anesthetized by propofol-induced closed-
loop target-controlled infusion.

Anesthesia induction: Patients in both groups
received tracheal intubation and general
anesthesia and used CONCERT-CLE closed-
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loop target-controlled infusion pump (Guangxi
Veryag Technology Co., LTD.). Both groups were
given a target-controlled infusion of sufentanil
0.35 pg/L (Gepts model with pharmacokinetic
parameters) and a T1 closed-loop target-con-
trolled infusion of cisatracurium (0.16 mg/kg).
After the plasma concentration was balanced,
the etomidate group was treated with a target-
controlled infusion of etomidate (Arden model,
plasma target concentration 0.5 pg/mL, phar-
macokinetic parameters), with a gradually
increasing amplitude from 0.1 yg/mL until BIS
was less than 60. The propofol group was treat-
ed with a target-controlled infusion of propofol
(Marsh model with pharmacokinetic parame-
ters, plasma target concentration of 1.5 ug/
mL), with a gradually increasing amplitude
from 0.5 pg/mL until BIS was less than 60.
Mechanical ventilation of endotracheal intuba-
tion was performed when BIS was less than 60
and T1 was less than 10%.

Maintenance of anesthesia: Etomidate group:
Before anesthesia induction, CONCERT-CLE
closed-loop target-controlled infusion pump
was connected to an empty syringe. The target
BIS value was set as 50, and the target-con-
trolled range was set as 45-55 according to
etomidate (plasma target concentration 2.5
ug/mL), which was used as feedback target to
automatically adjust the target-controlled con-
centration mode of etomidate (patients without
intravenous access). About 15 minutes later,
after plasma concentration balance was
reached and the patient’s BIS dropped to 60,
etomidate was connected and the patient’s
intravenous channel to maintain anesthesia in
the closed-loop mode mentioned above (this
was the key step to achieve the maintenance of
anesthesia in the closed-loop target-controlled
infusion of etomidate and BIS feedback).

Propofol group: When the BIS of patients
decreased to 60, the closed-loop target-con-
trolled infusion was started. The target BIS
value was set as 50, and the target range was
set as 45-55, which was used as feedback tar-
get to automatically adjust the target-controlled
concentration of propofol.

In both groups, target-controlled infusion of
remifentanil (target-controlled concentration 3
ng/mL) and T1 closed-loop target-controlled
infusion of cisatracurium were maintained for
anesthesia. The infusion speed was adjusted
according to the intraoperative stimulation
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intensity, heart rate and blood pressure of the
patient. Besides, vasocontractile drugs (such
as norepinephrine and norepinephrine) and
antihypertensive drugs were used when neces-
sary to maintain the patient’'s hemodynamics
stable. After surgery, anesthesia was stopped,
the patients were sent to the anesthesia recov-
ery room, and the tracheal tube was immedi-
ately removed when the patient reached the
extubation indication. Patients were sent back
to the ward after their Aldrete score exceeded 9
points.

Statistical methods

Data were analyzed by statistical software
SPSS 22.0. N (%) was used to express counting
data, and the x? test was used for comparison
between groups. The measurement data con-
forming to normal distribution were expressed
by X+sd, and the comparisons between gro-
ups were processed using t-test, and data at
multiple time points using repeated measure
ANOVA. P<0.05 was considered statistically
significant.

Results
General data and technical roadmap

There were 48 cases in the etomidate group
and 42 cases in the propofol group. The com-
parison of general data between the two groups
showed no statistical significance (P>0.05),
indicating comparability. The data were shown
in Table 1, and the technology roadmap of this
study is shown in Figure 1.

Hemodynamic changes

MAP: Compared with those at TO, the MAP
changed significantly at T1 in both groups, but
MAP decreased more significantly in the propo-
fol group (Etomidate group: t=5.677, P<0.001;
Propofol group: t=8.093, P<0.001). The MAP
values at T1 were significantly different between
the two groups (t=4.236, P<0.001), but there
was no significant difference in MAP between
the two groups at T2-T4 (P>0.05). The data are
shown in Table 2. Bonferroni’s pair-to-pair com-
parison showed that the MAP at TO was differ-
ent from those at T1 to T6, the MAP at T1 was
different from those at T2, T3, T5 and T6, the
MAP at T2 was different from that at T4, the
MAP at T3 was different from that at T5, and
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Table 1. Comparison of general data

Sex [n (%)]

Group Age (X s, year) Weight (X ts, kg) BMI

male female

ASA
grade | grade Il grade Ill

Etomidate group (n=48) 28(58.33) 20 (41.67) 69.19+4.93
Propofol group (n=42) 23 (54.76) 19 (45.24) 68.31+4.07
X/t 0.116 1.456
P 0.733 0.149

66.43+10.69 22.46+2.58 15(31.25) 22 (45.83) 11(22.92)

65.27+9.84 22.74+2.39 10(23.81) 23 (54.76) 9(21.43)
0.533 0.532 -0.418
0.595 0.596 0.676

BMI, Body Mass Index; ASA, American Standards Association scale.

[ Elderly patients undergoing elective spinal surgery J
[ Retrospective analysis ]

[ Inclusion and Exclusion Criteria ]

/\

Etomidate combined with BIS
feedback closed loop target
controlled infusion of propofol

Etomidate group Propofol group

[ Indicators such as MAP, HR and ]

Closed loop target
controlled infusion was
induced by propofol

postoperative complications were compared

!

( Determine the value of etomidate combined with BIS ]

feedback closed loop target controlled infusion of propofol

Figure 1. Technology roadmap.

the MAP at T4 was different from those at T5
and T6. See Table 4.

HR values: Compared with those at TO, HR val-
ues changed significantly at T1 in the two
groups, but decreased more significantly in the
propofol group (Etomidate group: t=2.731,
P=0.008; Propofol group: t=3.967, P<0.001),
and HR values were significantly different
between the two groups at T1 (t=2.082 and
P=0.040), but there was no significant differ-
ence in HR values between the two gro-
ups at T2-T4 (P>0.05). The data are shown in
Table 3. The results of Bonferroni’s pair-to-pair
comparison showed that HR at TO was different
from those at T1 and T4, the HR at T1 was dif-
ferent from those at T5 and T6, the HR at T3
was different from that at T4, and the HR at T4
was different from those at T5 and T6, as
shown in Table 4.

1234

After analysis of variance by repeated mea-
sures, MAP and HR of the two groups had
no interaction (MAP: Fimeraction=1.629, P=0.137;

=27.020, P<0.001; F, =18.730, P<
0.001.HR:F, . =0.388, P=0.887; F=9.119,
P<0.001; F, =13.350, P=0.003).

intergroup

Vasoactive drug application, awakening time
and tracheal tube extraction time

In the etomidate group, the application of va-
soactive drugs, awakening time and tracheal
tube extraction time were 42.86%, (9.05+2.37)
min and (12.36+3.03) min, respectively. In the
propofol group, the data were 18 cases
(42.86%), (9.58+3.05) min and (13.66+3.91)
min, respectively.

There were fewer patients receiving vasoactive
drugs in the etomidate group than those in the
propofol group, x?=5.070, P<0.05. There was
no significant difference in the awakening time
and tracheal tube extraction time between the
two groups (t=0.926, 1.774; P=0.357, 0.079).
See Figure 2.

Incidence of postoperative complications

There was 1 case of myoclonus, 3 cases of
postoperative agitation, 8 cases of emesis in
the etomidate group, and 4 cases of postopera-
tive agitation in the propofol group, as shown in
Table 5. There was no significant difference in
total postoperative complications between the
two groups (x?>=3.670, P=0.055), as shown in
Figure 3.

Discussion

The elderly undergo degenerative changes of
body functions, which reduce their tolerance
and adjustment ability to anesthesia and surgi-
cal stimulation. Therefore, the stress response
of elderly patients during surgery may be great-
er than that of young patients, which brings
higher anesthesia risk to elderly patients [6]. In
addition, the position for spinal surgery is
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Table 2. MAP at different time points (X £s)

i MAP (mmHg)
Time Etomidate group (n=48) Propofol group (n=42)
T0 91.08+9.16 91.21+9.29
T1 82.03+6.17 75.41+8.59
T2 86.33+7.62 84.25+8.19
T3 84.15+7.52 81.19+7.05
T4 81.65+6.09 79.3918.17
5 87.56+6.98 85.33+£7.08
T6 86.39+6.05 84.28+6.19

MAP, Mean Arterial Pressure.

Table 3. HR at different time points (X s)

HR (times/min)

Time ;
Etomidate group (n=48) Propofol group (n=42)

T0 76.39+10.18 75.92+11.06
T1 71.06+8.90 67.05+9.36
T2 74.95+11.33 71.26+10.97
T3 75.3719.42 72.10+£9.58
T4 70.36+8.52 66.38+9.17
5 76.92+9.24 74.59+10.88
T6 75.84+8.59 73.66+9.07
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and drowsiness and can main-
tain clear consciousness. This

p made propofol an alternative to
inhalation anesthesia and the

0.067 0.947 drug of choice among the same
4,236 <0.001 class of intravenous anesthet-
1.248 0.215 ics [10, 11]. However, with the
1.918 0.058 deepening of medical studies
1.499 0.137 on propofol, it was found that
1502 0.137 propofol could inhibit the respi-
1633 0106 ratory and circulatory systems,
leading to related adverse reac-

tions [12]. We conducted a lit-

erature review and clinical ob-

servation and analyzed etomi-

date as an alternative anesthe-

P sia induction drug, it was found

that etomidate could reduce

0.210 0.834 the adverse effects of propofol.
2.082 0.040 Etomidate is a non-barbiturate
1564 0.121 drug that leads to stable hemo-
1.630 0.107 dynamics and light respiratory
2134 0.036 inhibition, which is different
1.099 0.275 from propofol [13, 14]. For
1170 0.245 elderly patients, their physical

HR, Heart Rate.

prone, so position conversion easily causes
adverse circulatory events. Therefore, the
selection of anesthetic drugs and their applica-
tion in spinal surgery for elderly patients are
focuses in this type of surgery.

In this study, clinical data of elderly patients
undergoing elective spinal surgery were ana-
lyzed. The etomidate group used etomidate
combined with BIS feedback closed-loop tar-
get-controlled infusion for surgical anesthesia,
while the propofol group used BIS feedback
propofol-induced closed-loop target-controlled
infusion. The closed-loop target-controlled in-
fusion was an intelligent and individualized
anesthesia auxiliary method [7, 8]. By setting
the BIS value, the closed-loop target-controlled
infusion could also avoid deep anesthesia [9].

Propofol is an alkyl acid anesthetic, which is a
common anesthetic induction and mainte-
nance drug. Because of its rapid and stable
induction of anesthesia, rapid metabolism in
the body and good controllability, patients can
recover quickly and smoothly after drug with-
drawal, and patients usually do not have vertigo
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conditions can lead to cardio-
vascular and cerebrovascular
issues, such as myocardial isch-
emia and valvular heart disease. Etomidate
had a wider safety range than propofol [15].
However, at present, etomidate was rarely used
in the maintenance of anesthesia clinically,
because etomidate had a certain impact on the
adrenal cortex of the body [16, 17]. Propofol
had no significant effect on liver function, kid-
ney function and corticosteroid synthesis.

Hemodynamics mainly reflects the state of
blood flow and whether the blood vessels are
deformed, including ventricular ejection veloci-
ty in the systolic phase, blood filling degree in
the diastolic phase, blood discharge time and
cardiac output. It is an important objective of
surgical anesthesia to maintain hemodynamic
stability. Therefore, this study selected MAP
and HR, which can indicate the stability of
hemodynamics, for observation. Statistically,
there were significant changes in MAP and HR
in both groups immediately after intubation,
but the etomidate group showed less change in
the MAP than the propofol group did, and the
changes in HR were not significantly different
between the two groups. These results suggest
that the use of etomidate combined BIS feed-
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Table 4. P values of Bonferroni pairwise comparisons

MAP

HR

Time

T1 T2 T3 T4 5 T6 T1 T2

T3 T4 5 T6

TO  <0.001 <0.001 <0.001 <0.001 0.009 <0.001

T1 - <0.001 0.004 1.000 <0.001 <0.001 -

T2 - - 0.484 0.001 1.000 1.000 - -
T3 - - - 0.876 7 0.237 - -
T4 - - - - <0.001 <0.001 - -
5 - - - - - 1.000 - -

<0.001 0.671 1.000 <0.001 1.000 1.000
0.334 0.094 1.000 <0.001 <0.001

1.000 0.069 1.000 1.000

- 0.01 1.000 1.000
- - <0.001 <0.001
- - - 1.000

MAP, Mean Arterial Pressure; HR, Heart Rate.
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Figure 2. Vasoactive drug application, awakening time and tracheal tube
extraction time. Note: The number of cases was 48 in the etomidate group
and 42 in the propofol group.

Table 5. Incidence of postoperative complications [n (%)]

Group Myoclonus Postoperative agitation Emesis

Etomidate group (n=48) 1 (2.08) 3(6.25) 8 (16.67)
Propofol group (n=42) 0 (0.00) 4 (9.52) 0 (0.00)
Z -1.905

P 0.057

back under closed-loop target-controlled infu-
sion of propofol anesthesia could make stable
hemodynamics in elderly patients, and the
combination of etomidate induction and propo-
fol maintenance was superior to propofol induc-
tion and maintenance alone. The possible rea-
son was that propofol had a significant inhibi-
tory effect on sympathetic nerve activity, which
could directly dilate blood vessels and inhibit
the myocardium, leading to a significant de-
crease in HR and blood pressure, resulting in
significant fluctuations in the hemodynamics of
patients [18]. In addition, studies [19] had
shown that the older patients were, the more
sensitive their central nervous system was to
propofol, that is, propofol had stronger cardio-
vascular inhibition and sedation effect on

patients.
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elderly patients. Etomidate
had no direct inhibitory effect
on the respiratory and circula-
tory systems [20], no signifi-
cant effect on the tension dis-
charge of sympathetic nerves
and baroreceptors and did not
affect the reflex of the auto-
nomic nervous system. There-
fore, this drug could maintain
the blood pressure in a stable
state and keep the patient’s
hemodynamics stable [21]. In
this study, the number of pa-
tients in the etomidate group
receiving vasoactive drugs
was less than that in the pro-
pofol group, indicating that
the cardiovascular inhibition
of etomidate was weaker than
that of propofol, therefore
resulted in more stable hemo-
dynamics in patients. The
awakening time and tracheal
tube extraction time in the

etomidate group were not significantly different
from those in the propofol group, suggesting
that surgical anesthesia performed by etomi-
date combined with BIS feedback propofol
closed-loop target-controlled infusion did not
affect the postoperative resuscitation of elderly

There was 1 case of myoclonus, 3 cases of
postoperative agitation and 8 cases of emesis
in the etomidate group, and 4 cases of postop-
erative agitation in the propofol group, but no
significant difference was found in the total
number of complications between the two
groups (P>0.05). Agitation during postopera-
tive recovery was a common adverse reaction
in patients with general anesthesia. It can be

Am J Transl Res 2023;15(2):1231-1238
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Figure 3. Total postoperative complications. Note:
The number of cases was 48 in the etomidate group
and 42 in the propofol group.

caused by urinary duct irritation, surgical inci-
sion pain, muscle relaxant residue, CO2 reten-
tion, etc. At present, the mechanism of etomi-
date-induced myoclonus is not completely
clear, but it may be related to the inhibition of
spinal cord and cerebral cortex by etomidate,
leading to the disinhibition of subcortical struc-
ture. Studies have shown that etomidate could
compete with endogenous dopamine for dopa-
mine receptors after reaching the substantia
nigra and striatum in the brain, and the result-
ing competitive inhibition could reduce endog-
enous dopamine and cause myoclonus in
patients [22]. The results of this study also
showed that etomidate caused more nausea
and Emesis symptoms than propofol, so we
suggest that patients using etomidate should
be routinely given antiemetic drugs.

Advantages and limitations

This study found that for spinal surgery anes-
thesia in elderly patients, the application of
etomidate induction and maintenance could
help the stability of hemodynamics in patients,
so that patients obtained greater clinical bene-
fits. Etomidate has clinical application value
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and a positive role in the anesthesia of clinical
spinal surgery. However, there are some short-
comings in this study. Firstly, this is a retrospec-
tive study, and there was no prospective con-
trolled experiments to verify the reliability of the
results of this study. Secondly, this is a single-
center study with limited patient sample, so the
effect of etomidate induction in spinal anesthe-
sia should be studied in extended external
samples. Lastly, in terms of the design of the
study, there were no more point-in-time evalua-
tions of outcome measurements and no post-
operative recovery evaluations. Therefore, fu-
ture studies should be extended to prospective
multi-centers, multi-time points and postopera-
tive evaluations, so as to further confirm the
conclusions of this study.

Conclusion

To sum up, compared to propofol, etomidate
combined with BIS feedback closed-loop tar-
get-controlled infusion in spinal surgery anes-
thesia for elderly patients can keep hemody-
namics in a stable state, without affecting post-
operative resuscitation, showing high safety, so
it is worthy of clinical application.
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