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Zeng et al.: Effect of Etomidate versus Propofol for General Anesthesia in Laparoscopic Cholecystectomy

To investigate the safety and changes of hemodynamic profiles when using etomidate for general anesthesia 
in laparoscopic cholecystectomy compared to propofol was the objective of the study. Adult patients who 
received laparoscopic cholecystectomy were retrospectively categorized as etomidate and propofol group. 
Time to extubation, time to eye opening, pain scores at rest, postoperative nausea, vomiting and lengths of 
hospital stay were studied as safety outcomes. Changes in hemodynamic profiles are evaluated by coefficients 
of variation of systolic blood pressure, diastolic blood pressure, mean arterial pressure and heart rates were 
compared between groups. 291 patients were categorized as the etomidate group and 388 patients as the 
propofol group. There was no significant difference in age, sex, body mass index and hemodynamic profiles 
at baseline between the two groups (p all>0.05). Compared to propofol, the etomidate group showed similar 
safety outcomes (p all>0.05). Similar change patterns in the hemodynamic profiles over time were observed 
between the two groups, but the coefficients of variation of systolic blood pressure, diastolic blood pressure 
and mean arterial pressure in the etomidate group were significantly lower than that in the propofol group 
(p<0.05). There was no difference in safety outcomes but a more stable hemodynamic profile when comparing 
intraoperative target-controlled infusion of etomidate to propofol used for general anesthesia in laparoscopic 
cholecystectomy. 
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Laparoscopic cholecystectomy is a common 
abdominal surgical procedure performed for gallstone 
diseases[1,2]. Compared to open cholecystectomy, 
patients who received laparoscopic cholecystectomy 
show less postoperative pain, better cosmesis and 
shorter lengths of hospital stay[3,4], but a higher 
overall serious complication rate[5,6]. There are 
directions for further improvement in prognosis of 
patients receiving laparoscopic cholecystectomy but 
they are not limited to the development of the surgical 
techniques[7,8]. Considering the physiological effects 
of laparoscopy, special anesthetic considerations 
for laparoscopic cholecystectomy are necessary, 
especially for the cardiovascular changes during the 
procedure[9]. Due to intraperitoneal carbon dioxide 
insufflation and variations in patient positioning, 
the cardiovascular changes during laparoscopy are 
variable and dynamic, which is usually well tolerated 
by healthy patients, but may have a major impact on 
the cardiorespiratory function in the elderly patients 

with comorbidities. Several studies have reported 
significant hemodynamic changes during laparoscopy 
in patients with severe cardiopulmonary disease 
including an increase in Mean Arterial Pressure 
(MAP), Systemic Vascular Resistance (SVR), central 
venous pressure, a decrease in cardiac output and 
stroke volume during peritoneal insufflation[10-14]. 
As a result, more pharmacologic interventions and 
intensive monitoring are needed in response to such 
changes.

A variety of inhalation and intravenous anesthetics 
can be used for induction and maintenance of 
general anesthesia. Considering the above mentioned 
cardiovascular changes during laparoscopy, 
anesthetics with lower impact on hemodynamic 
profiles of patients may be favored. Propofol and 
etomidate are the intravenous sedative-hypnotic 
agents commonly used to induce general anesthesia. 
Compared to propofol, etomidate is considered as 
the most hemodynamically neutral of the sedative-
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hypnotic agents used for induction of general 
anesthesia, since it has rapid onset of action without 
any changes in the blood pressure, cardiac output 
or Heart Rate (HR)[15,16]. However, etomidate has 
no analgesic effect and shows a higher risk of 
postoperative nausea and vomiting compared to 
propofol and may induce transient acute adrenal 
insufficiency[17,18]. It has been reported that the use 
of etomidate for general anesthesia in endoscopic 
retrograde cholangiopancreatography showed a 
more stable hemodynamic responses compared with 
propofol[19,20], but this benefit has not been specially 
investigated in laparoscopic cholecystectomy. 
Therefore, the study aimed to investigate the safety 
and change of hemodynamic profiles in patients who 
received intraoperative target-controlled infusion of 
etomidate (compared to propofol) for induction and 
maintenance of general anesthesia in laparoscopic 
cholecystectomy.

MATERIALS AND METHODS

Subjects used in the study:

The study retrospectively included consecutive adult 
patients who received laparoscopic cholecystectomy 
between January 2017 and June 2020 in Hanchuan 
People’s Hospital. Data about hospitalization during 
this period were examined to identify patients 
who met all the inclusion criteria which includes 
patients who received laparoscopic cholecystectomy 
during the hospitalization; age≥18 y; patients who 
received general anesthesia; propofol or etomidate 
was used for induction and maintenance of general 
anesthesia; propofol or etomidate was administered 
via intraoperative target-controlled infusion and 
remifentanil was used as analgesic (which was the 
most commonly used analgesic during the study 
period). 

We excluded patients who met any of the exclusion 
criteria like patients who received other procedures 
at the same time; other anesthetics or analgesics 
were used for general anesthesia; information for 
the baseline characteristics and study outcomes was 
unavailable. 

The study was approved by the medical ethical 
committee of Hanchuan People’s Hospital and 
written informed consent was waived due to the 
retrospective study design. The study was conducted 
in accordance with the Declaration of Helsinki.

Methods:

For laparoscopic cholecystectomy performed during 
the study period in Hanchuan People’s Hospital, 
propofol was the most frequently used for general 
anesthesia, but the use of etomidate increased in 
recent years. The choices of anesthetics were mainly 
depended on the preference of the anesthetists. Except 
for the difference in anesthetics, the procedures 
of anesthesia were similar for patients receiving 
laparoscopic cholecystectomy. All the patients first 
received midazolam (0.03 mg/kg) and remifentanil 
(2 μg/kg), then the patients received intraoperative 
target-controlled infusion of either etomidate or 
propofol. The initiate drug concentration was set to 
1.0 μg/ml every minute for propofol and increased 
by 0.3 μg/ml, until the Bispectral Index (BIS) 
reached 40-60 or set to 0.2 μg/ml for etomidate and 
increased by 0.1 μg/ml every minute until the BIS 
reached 40-60. When the consciousness of patients 
was lost, rocuronium (0.6 mg/kg) was given. After 
the induction of anesthesia, tracheal intubation 
was performed and intraoperative target-controlled 
infusion of either etomidate or propofol was 
maintained.

Baseline characteristics:

The following variables were extracted as baseline 
characteristics of the study patients. They are age, 
sex, Body Mass Index (BMI) and hemodynamic 
characteristics including Systolic Blood Pressure 
(SBP), Diastolic Blood Pressure (DBP), MAP and 
HR at baseline (i.e., T1, namely in wards before the 
surgery).

Study outcomes:

The following variables were extracted and studied 
as safety outcomes-The time to extubation, defined 
as the time from discontinuation of either etomidate 
or propofol to extubation; The time to eye opening, 
defined as the time from discontinuation of either 
etomidate or propofol to spontaneous eye opening; 
The pain score at rest, defined as the degree of 
pain assessed by a Visual Analogue Scale (VAS) (0 
mm (no pain) to 100 mm (unbearable pain)) when 
the patients were transferred to the post-anesthesia 
care unit; postoperative nausea and/or vomiting and 
lengths of hospital stay.

To investigate the changes of hemodynamic profiles, 
we further extracted the recorded hemodynamic 
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profiles of SBP, DBP, MAP and HR at the following 
time points i.e. before anesthesia induction (T2); after 
tracheal intubation (T3); at the end of surgery (T4). 
The coefficient of variation of each hemodynamic 
profile measured at the four time points (T1, 
T2, T3 and T4) was studied as the change of the 
hemodynamic metric.

Statistical analysis:

Data were presented as mean±standard deviation 
for continuous variables or number (percentage) for 
categorical variables. Comparisons between the two 
groups (i.e., the etomidate group or the propofol group) 
were examined by the student’s t-test for continuous 
variables or the chi-squared test for categorical 
variables. Coefficient of variation of hemodynamic 
metric in each group was calculated as follows. First 
we calculated the ratio of the standard deviation to 
the mean of each hemodynamic metric of each patient 
at the four time points, then the mean and standard 
deviations of the coefficients of variation of patients 
from the same group (i.e., the etomidate group or the 
propofol group) was calculated. Statistical analysis 
was done using Statistical Package for the Social 
Sciences (SPSS) 22 (IBM SPSS Statistics) and p 
value<0.05 was considered significant.

RESULTS AND DISCUSSION
Baseline characteristics of the study patients were 
shown in Table 1. A total of 679 patients who received 
laparoscopic cholecystectomy were included (fig. 
1), of which 291 (42.9 %) patients were categorized 

as the etomidate group and 388 (57.1 %) patients 
as the propofol group. The average age of the 
etomidate group was 49.34±10.63 y, which was not 
significantly different from that of the propofol group 
(49.44±10.78 y, p=0.909). There was no statistically 
significant difference in sex (male 55.67 % vs. 58.51 
%, p=0.460), BMI (24.64±3.86 vs. 24.37±3.62 kg/
m2, p=0.353) and the studied hemodynamic profiles 
at baseline between two groups (p>0.05 for all).

Safety outcomes of the study patients were described 
in Table 2. Compared to the propofol group, the 
etomidate group showed similar time to extubation 
(18.36±3.56 min vs. 18.30±3.40 min, p=0.821) and 
time to eye opening (10.00±5.81 min vs. 10.23±5.66 
min, p=0.615). No significant difference was 
observed in pain score at rest, length of hospital stay 
and postoperative nausea and vomiting (p>0.05 for 
all).

Changes in hemodynamic profiles of the study 
patients were shown in Table 3. Similar change 
patterns in the hemodynamic profiles over time 
were observed between the two groups (fig. 2). At 
each time point, there was no significant difference 
in the four studied hemodynamic profiles between 
the two groups (p>0.05 for all). Compared to the 
propofol group, the coefficients of variation of SBP 
(7.24±2.78 vs. 8.35±3.29, p<0.001), DBP (6.67±3.50 
vs. 7.56±4.29, p=0.004) and MAP (5.36±2.27 vs. 
6.19±3.00, p<0.001) in the etomidate group were 
significantly lower, but no significant difference 
in the coefficient of variation of HR was observed 
(p<0.05) (Table 4).

Characteristics Propofol group (n=388) Etomidate group (n=291) p value

Age (y) 49.44±10.78 49.34±10.63 0.909

Male 227 (58.51 %) 162 (55.67 %) 0.46

BMI (kg/m2) 24.37±3.62 24.64±3.86 0.353

SBP at T1 (mmHg) 122.95±13.22 122.80±7.98 0.863

DBP at T1 (mmHg) 79.62±9.18 80.27±6.25 0.292

MAP at T1 (mmHg) 94.07±7.53 94.44±4.55 0.459

HR at T1 (per min) 94.77±8.81 95.57±8.67 0.234

Note: T1: At baseline (in wards, before the surgery); BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; 
MAP: Mean Arterial Pressure and HR: Heart Rate

TABLE 1: BASELINE CHARACTERISTICS OF THE STUDY GROUP
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Fig. 1: Flowchart of the study

TABLE 2: SAFETY OUTCOMES OF THE STUDY PATIENTS

Outcomes Propofol group (n=388) Etomidate group (n=291) p value

Time to extubation (min) 18.30±3.40 18.36±3.56 0.821

Time to eye opening (min) 10.23±5.66 10.00±5.81 0.615

Pain score at rest 50.25±17.69 50.93±17.41 0.617

Length of hospital stay (days) 11.08±4.07 11.60±3.85 0.09

Postoperative nausea and vomiting 35 (9.02 %) 23 (7.90 %) 0.606

Hemodynamic profile Propofol group (n=388) Etomidate group (n=291) p value

SBP (mmHg)

T2 119.66±10.64 119.63±10.50 0.97
T3 134.65±12.55 134.57±12.03 0.939
T4 127.05±12.63 127.00±12.06 0.962

DBP

T2 82.44±8.27 83.51±7.85 0.087
T3 85.98±9.38 86.82±8.84 0.241
T4 83.49±9.57 84.13±9.40 0.387

MAP

T2 94.82±6.70 95.56±6.28 0.145
T3 102.19±7.76 102.71±7.41 0.373
T4 98.01±7.83 98.42±7.69 0.494

HR

T2 89.61±10.92 90.65±10.32 0.208
T3 94.57±11.66 95.60±11.22 0.245
T4 91.70±12.09 92.78±11.83 0.247
Note: T2: Before anesthesia induction; T3: After tracheal intubation and T4: At the end of surgery

TABLE 3: HEMODYNAMIC PROFILE OF THE STUDY PATIENTS MEASURED AT DIFFERENT TIME POINTS
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Fig. 2: Change of hemodynamic profiles between the two groups
Note: Data is as expressed as mean and 95 % confidence interval. T1: At baseline (in wards, before the surgery); T2: Before anesthesia induction; 
T3: After tracheal intubation; T4: At the end of surgery; (  ) Propofol group and (  ) Etomidate group

Hemodynamic profiles Propofol group (n=388) Etomidate group (n=291) p value

SBP 8.35±3.29 7.24±2.78 <0.001

DBP 7.56±4.29 6.67±3.50 0.004

MAP 6.19±3.00 5.36±2.27 <0.001

HR 4.97±2.24 5.00±2.15 0.841

TABLE 4: COEFFICIENT OF VARIATION OF HEMODYNAMIC PROFILES OF THE STUDY PATIENTS

In this study, we specially investigated the safety and 
changes of hemodynamic profiles in patients who 
received intraoperative target-controlled infusion 
of etomidate for general anesthesia in laparoscopic 
cholecystectomy by comparison with another 
frequently used anesthetic (i.e., propofol). We found 
there was no significant difference in the studied safety 
outcomes but patients received etomidate for general 
anesthesia showed a more stable hemodynamic profile 
evaluated by coefficients of variation. This finding 
confirms a lower impact on hemodynamic profiles 
while using etomidate for general anesthesia in 

laparoscopic cholecystectomy compared to propofol, 
which has been observed in other surgeries and thus 
it supports the use of intraoperative target-controlled 
infusion of etomidate for general anesthesia in 
laparoscopic cholecystectomy.

Several studies had compared the use of etomidate 
for general anesthesia with that of propofol, but not 
specifically for laparoscopic cholecystectomy. Guo 
et al. investigated the feasibility of intraoperative 
target-controlled infusion of etomidate in patients 
with severe burns and found no significant difference 
in several safety outcomes except for lower cortisol 
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and aldosterone levels in patients who received 
etomidate. This is consistent with our findings, but 
due to data limitation, we were unable to study the 
changes of cortisol and aldosterone levels. Guo et 
al. also reported no significant difference in MAP 
and HP between the two groups at the investigated 
time points and we had consistent findings, but we 
investigated the variations of the hemodynamic 
profiles and found a more stable hemodynamic 
profile[21]. Similar results were observed in a 
trial conducted by Song et al. in which the study 
population was patients who underwent endoscopic 
retrograde cholangiopancreatography[19]. Studies that 
investigated other types of surgery also reported a 
better hemodynamic stability when using etomidate 
compared to propofol[20,22], but all the above 
studies only included limited sample sizes and did 
not specially investigate patients who underwent 
laparoscopic cholecystectomy.

There are several mechanisms contributing to the 
cardiovascular changes during laparoscopy. First, 
increased intra-abdominal pressure due to carbon 
dioxide insufflation leads to catecholamine release 
and activation of the renin-angiotensin system 
with vasopressin release[23-25]. As a result, MAP 
increases and may contribute to the increase in SVR 
and Pulmonary Vascular Resistance (PVR)[26]. In 
addition, the compression of arterial vasculature with 
pneumoperitoneum may also increase SVR and PVR 
with variable effects on cardiac output and blood 
pressure[23-25]. Second, the head-up position, which is 
usually used in cholecystectomy may lead to venous 
pooling and therefore reduce venous return to the 
heart[23,27]. This may result in hypotension, especially 
in hypovolemic patients. Third, the absorption 
of carbon dioxide during laparoscopy can have 
direct and indirect cardiovascular effects. It leads 
to hypercarbia and associated acidosis including 
decreased cardiac contractility, sensitization to 
arrhythmias and systemic vasodilation. Meanwhile, 
as a result of sympathetic stimulation, it may induce 
tachycardia and vasoconstriction[23]. Etomidate is 
an imidazole derivative that acts directly on the 
Gamma-Aminobutyric Acid A (GABAA) receptor 
complex, blocking neuroexcitation and producing 
anesthesia. It has a feature of rapid onset and recovery, 
which is similar to propofol, but it does not cause 
vasodilation or myocardial depression and does not 
increase sympathetic tone, so it had fewer impacts 
on the hemodynamic profile. Another advantage of 
etomidate is its anticonvulsant properties, which 

makes it advantageous in hemodynamically unstable 
patients with head injury or stroke, because it 
can decrease cerebral metabolic rate of oxygen 
consumption and consequently reduce cerebral blood 
flow and intracranial pressure[28].

Strengths of this study included a large sample size 
and an unselected study population from real clinical 
settings. However, the study had some limitations. 
First, unlike a prospective study, our study was 
a retrospective observational study and therefore 
there might be variations in the anesthesia and/
or procedure, which might introduce confounding 
when comparing the study outcomes between the 
two groups. Second, we only studied blood pressure 
and HR as hemodynamic profiles, while there 
are other profiles such as cardiac output and other 
clinical outcomes with clinical importance. Due to 
data limitation, we were unable to study them, so 
the observed lower coefficients of variation of some 
hemodynamic profiles in the etomidate group may 
not be clinically relevant. Third, we only investigated 
hemodynamic profiles measured at the four time 
points, so it is unclear whether our findings would 
remain valid at other time points. Last, the study 
patients were from a single hospital, which might 
limit the generalizability of our findings.

There was no difference in safety outcomes but a 
more stable hemodynamic profile when comparing 
intraoperative target-controlled infusion of etomidate 
to propofol in laparoscopic cholecystectomy. This 
supports the use of intraoperative target-controlled 
infusion of etomidate for general anesthesia in 
laparoscopic cholecystectomy, but the findings need 
to be confirmed in other studies.
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