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Abstract 

Purpose: To study the clinical effectiveness of a combination of propofol and etomidate as pediatric 
anesthesia, and its influence on some vital factors in the patients.  
Methods: A total of 104 children who underwent appendectomy, hepatobiliary surgery and excision of 
bone tumor in Xuzhou Children's Hospital, Xuzhou Medical University, Xuzhou, China from June 2018 
to June 2020, were selected for this retrospective study. The patients were divided into groups A, B and 
C. In group A, 40 patients received the combination of propofol and etomidate, 32 patients received 
propofol only, while group C comprised 32 patients who received etomidate only. Vital indices such as 
anesthesia induction time, wake-up time after surgery, anesthetic effect, and adverse reactions were 
determined.  
Results: In group A, the mean arterial pressure (MAP) and heart rate (HR) were improved; anesthesia 
induction time and wake-up time after surgery were shorter, and anesthetic effect was more obvious in 
children with grades I and II. However, there was no grade III anesthetic effect, although there was a 
lower incidence of adverse reactions in this group.  
Conclusion: The use of a combination of propofol and etomidate results in higher clinical efficacy of 
pediatric anesthesia than either propofol or etomidate alone. Furthermore, the combination produces 
better quality of vital indices in the patients.   
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INTRODUCTION 
 
Anesthesia is required in many treatments and 
operations for childhood diseases such as acute 
delirium, tonsillectomy and adenoidectomy, and 
trauma [1-3]. However, there are differences in 
anatomy, physiology, pharmacology, emotion 
and social intercourse between infants and 

adults. Therefore, the requirement for anesthesia 
differs between children and adults [4]. Although 
most anesthetic agents are safe for the clinical 
treatment of infants and young children, improper 
operation may result in serious critical events 
such as respiratory emergency, cardiac arrest 
and cardiovascular instability. Only centers with 
relevant equipment and physical environment 
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can operate and anesthetize children after formal 
staff training [5-8]. It is essential to minimize 
safety problems caused by pediatric anesthesia 
[9,10]. At the same time, the selection of 
anesthetic drugs is a crucial factor for the safety 
of pediatric anesthesia. 
 
Etomidate and propofol are good anesthetic 
drugs which are clinically used in many 
cardiovascular diseases, and also in gastroscopy 
[11,12]. Propofol is a γ-aminobutyric acid (GABA) 
receptor agonist. Due to its fast efficacy and low 
incidence of postoperative nausea and vomiting, 
propofol has been widely used clinically for 
decades [13]. However, the use of propofol is 
also associated with some adverse effects. The 
most common adverse effects are pain from 
propofol injection, cardiovascular diseases 
(bradycardia and hypotension) and 
hyperlipidemia caused by lipid infusion [14]. 
Etomidate produces sedative and hypnotic 
effects, making it useful as an anesthetic agent in 
clinical practice [15,16]. However, the injection of 
this drug also causes pain, as well as adverse 
reactions such as thrombophlebitis and 
myoclonia [17,18]. Not much is known on the 
efficacy of the use of combination of the two 
drugs as pediatric anesthesia. Therefore, the 
purpose of the present study was to investigate 
the clinical efficacy of propofol-etomidate 
combination when used as pediatric anesthesia, 
and its effect on vital indexes in the patients. 
 
METHODS 
 
Patients’ profiles 
 
A total of 104 children who underwent 
appendectomy, hepatobiliary surgery and 
excision of bone tumor in Xuzhou Children's 
Hospital, Xuzhou Medical University, Xuzhou, 
China from June 2018 to June 2020, were 
selected for this retrospective study. They were 
divided into three groups A, B, and C. In group A, 
there were 40 children who received combination 
of propofol and etomidate; their mean age was 
6.79 ± 0.98 years, and their mean body weight 
was 22.38 ± 1.56 kg. In group B, there were 32 
children (mean age = 6.54 ± 1.15 years; mean 
body weight = 21.94 ± 2.07 kg) who received 
propofol only. There were 32 patients in group C 
(mean age was = 6.83 ± 1.01 years; mean body 
weight = 21.94 ± 2.07 kg), and they were given 
etomidate anesthesia only. The guardians of the 
children gave consent for them to participate in 
the study and signed informed consent forms. 
The study received approval from the institutional 
medical ethics committee, and followed 
international guidelines for human studies. 
 

Inclusion and exclusion criteria 
 
Inclusion criteria: Children in the following 
categories were enrolled in this study: children 
aged ≤ 12 years, who were on admission and 
received surgical treatment in our hospital; 
children who did not suffer from serious 
complications and other diseases that might 
affect the test results; children whose guardians 
knew about the anesthesia programs and 
provided all data needed by the research 
institute, and children with American Society of 
Anesthesiologists (ASA) classification grades of I 
and II [19]. 
 
Exclusion criteria: Children who had diseases 
that might affect the results of this study; children 
who were allergic to the drugs or the equipment 
used in this study, those with anemia symptoms, 
and children with ASA grades above grade III, 
were excluded from the study. 
 
Treatments and assessment of outcomes 
 
All children were asked to stop fluid intake 2 h 
prior to the surgery, and they were fasted for 6 h 
before operation, without any premedication. The 
vein of each patient was opened and the vein 
passage of the upper limb was established. 
Then, the monitor was connected for 
determination of vital indexes such as blood 
pressure, breathing, heart rate (HR) and blood 
oxygen saturation (SpO2). Based on these data, 
anesthesia was induced. Children in group A 
were treated with combination of propofol and 
etomidate. Fentanyl (Yichang Renfu 
Pharmaceutical Group Co. Ltd, batch number: H 
4202076, specification: 0.1 mg in 2 mL) was 
injected intravenously at a dose of 1 μg/kg. Then, 
propofol (Sichuan Guorui Pharmaceutical Co. 
Ltd., specification: 20 mL, 0.2 g; batch no. 
1603102) was slowly injected at a dose of 0.6 
mg/kg, followed by etomidate (0.2-0.4 mg/kg). 
Children in group B were treated with propofol 
alone. Fentanyl (0.1 mg, 1 μg/kg) was injected 
first, followed by propofol (0.6 mg/kg). Those in 
group C were treated with etomidate alone. 
 
Just like in groups A and B, fentanyl (1 μg/kg) 
was injected first, followed by etomidate (0.2-0.4 
mg/kg). Vital indices such as HR and mean 
arterial pressure (MAP) were monitored and 
compared before, during and after the operation. 
Anesthesia induction time and post-surgery 
wake-up time were determined. Besides, 
anesthetic effects were compared and divided 
into three grades (I, II and III). If the patient was 
calm during the operation, and HR increased by 
less than 20%, when compared with the basal 
value; blood pressure increased by less than 
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15%, and the operation was not 
disrupted/impeded, this status was consistent 
with grade 1. For grade II, the patient was mildly 
excited during the operation; HR increased by < 
30 %, relative to basal level, blood pressure 
increased by less than 20 %, with slight body 
movements, and slight increase in respiratory 
frequency, but the surgery was not affected. 
Grade III anesthetic effect was for patients who 
were visibly agitated during the operation, with 
HR and blood pressure increased by more than 
30 and 20%, respectively. Moreover, respiratory 
frequency should be markedly increased, and 
there should be obvious body movements during 
the surgery, thereby necessitating additional 
dose of the anesthesia in order to continue with 
the operation. 
 
The incidence of postoperative adverse reactions 
in the children were statistically analyzed and 
compared. 
 
Statistical analysis 
 
Data were statistically analyzed using SPSS 19.0 
(Asia Analytics, formerly SPSS China). Counting 
data such as anesthesia effect, postoperative 
adverse reactions, and some general data were 
analyzed using ꭓ2 test. Measurement data such 
as anesthesia induction time, wake-up time post-
surgery, systolic pressure, diastolic pressure, 
and MAP are expressed as mean ± standard 
deviation (SD), and were analyzed using t-test. 
Values of p < 0.05 were taken as indicative of 
statistically significant differences. 
 

RESULTS 
 
General information on patients 
 
There are no significant differences amongst the 
three groups in terms of patient profiles such as 
gender, gestational age, body weight, and CT 
results (p > 0.05). 
 
Vital signs of patients 
 
The MAP values of patients in group A before, 
during and after operation were 81.54±6.65, 
87.32±7.09 and 82.12±5.43 mmHg, respectively. 
In group B, the MAP values before, during and 
after surgery were 81.88±6.43, 93.23±11.23, and 
85.45±7.37 mmHg, respectively. The 
corresponding MAP values in group C were 
82.35±6.43, 103.24±14.57 and 95.65±8.65 
mmHg, respectively. Thus, MAP recovery was 
markedly better in group A than in groups B and 
C. 
 

 
 
Figure 1: MAP levels of children in the three groups 
before, during and after operation. The MAP recovery 
was markedly better in group A than in B and C (p < 
0.05) 

         Table 1: General information on patients 
 

Group Group A (n=40) Group B (n=32) Group C (n=32) F/ꭓ2 P-value 

Gender    0.57 0.751 
Male 21 (50.25) 18 (56.25) 15 (46.87)   
Female 19 (49.75) 14 (43.75) 17 (53.13)   
Age (years) 6.79±0.98 6.54±1.15 6.83±1.01 0.74 0.479 
Average body 
weight (kg) 

22.38±1.56 21.94±2.07 22.45±2.13 0.69 0.50 
 

ASA 
classification 

   0.57 0.753 

Grade I 22 (55.00) 16 (50.00) 19 (59.38)   
Grade II 18 (45.00) 16 (50.00) 13 (40.62)   
Classification of 
diseases 

   5.73 0.678 

Appendectomy 8 (20.00) 6 (52.00) 7   
Hepatobiliary 
surgery 

5 (12.50) 7 (22.00) 4   

Excision of bone 
tumor  

9 (15.00) 5 (22.00) 6   

Intestinal 
obstruction 
operation  

11 12 13   

Hernia surgery 7 (10.00) 2 (2.50) 2   
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Heart rate (HR) 
 
The HR of patients in group A before, during and 
after operation were 102.11±10.43, 
112.57±17.09, and 104.34±11.25 bpm, 
respectively. The HR of those in group B before, 
during and after operation were 101.94±10.54, 
124.46±18.23, and 112.67±11.65 bpm, 
respectively, while the HR of the corresponding 
values for group C before, during and after 
operation were 102.35±11.02, 134.21±17.33, 
and 125.78±12.16 bpm, respectively. Thus, there 
was markedly better HR recovery in group A, 
relative to B and C.  
 

 
 
Figure 2: HR values of children in the three groups 
before, during and after operation. The HR recovery 
was significantly better in group A than in groups B 
and C (p < 0.05) 
 
Anesthesia induction time 
 
The anesthesia induction times of patients in 
groups A, B and C were 112.27±12.45, 
127.23±16.34, and 135.31±21.13 sec, 
respectively. Anesthesia induction times of 
patients in groups A and B were significantly 
lower than that of those in group C, while 
anesthesia induction time was significantly lower 
in group A than in group B (p < 0.05). 
 
Wake-up time after surgery 
 
The wake-up time of patients in groups A, B and 
C were 22.56±4.45, 32.23±4.34 and 41.76±6.13 
min, respectively. The wake-up times of patients 
in groups A and B were significantly shorter than 
that of patients in group C, while wake up time 
was markedly shorter in group A than in group B 
(p < 0.05). 
 

Anesthetic effect 
 
In group A, there were 24 patients in anesthetic 
grade I, 16 patients in anesthetic grade II, and no 
patients in anesthetic grade III. In group B, there 
were 12 patients in anesthetic grade I, 14 
patients in anesthetic grade II, and 6 patients in 
anesthetic grade III. In group C, there were 10 
patients in anesthetic grade I, 14 patients in 
anesthetic grade II, and 8 patients in anesthetic 
grade III. The anesthesia effect in patients in 
group A was markedly lower (p < 0.05) than 
those of patients in groups B and C. 
 

 
 
Figure 3: Comparison of anesthesia induction time 
amongst the 3 groups of patients. The anesthesia 
induction times of patients in groups A and B were 
significantly lower than that of those in group C, while 
anesthesia induction time was significantly lower in 
group A than in group B. *٨P < 0.05, vs group C; *p < 
0.05), vs group B 
 

 
 
Figure 4: Comparison of wake-up time after operation 
amongst children in the three groups. The wake-up 
times of patients in groups A and B were significantly 
shorter than that of patients in group C, while wake-up 
time was markedly shorter in group A than in group B. 
*٨P < 0.05, vs group C; *p < 0.05), vs group B  
 

Table 2: Anesthetic effect in children 
 
Variable Group A (n=40) Group B (n=32) Group C (n=32) t P-value
Grade I 24 (60.00) 12 (37.50) 10 (31.25) 6.81 0.033 
Grade II 16 (40.00) 14 (43.75) 14 (43.75) 0.14 0.932 
Grade III 0 (0.00) 6 (18.75) 8 (25.00) 10.65 0.005 
Data are presented as frequency and percentage [n (%)] 
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  Table 3: Incidence of adverse reactions in the three groups of patients 
 

Variable Group A 
(n=40)

Group B 
(n=32)

Group C 
(n=32)

t P-value 

Respiratory 
depression 

0 (0.00) 2 (6.25) 12 (37.50) 23.52 <0.001 

Dysphoria 2 (5.00) 8 (25.00) 14 (43.75) 16.16 <0.001 
laryngospasm and 
bronchospasm 

0 (0.00) 2 (6.25) 10 (31.25) 18.28 <0.001 

Nausea and 
vomiting 

1 (2.50) 6 (18.75) 12 (37.50) 14.59 <0.001 

  Data are presented as frequency and percentage [n (%)] 
 
Adverse reactions 
 
In group A, there were 2 cases of dysphoria, 1 
case of nausea and vomiting, and no cases of 
respiratory depression, laryngospasm and 
bronchospasm. In group B, there were 2 cases of 
respiratory depression, 8 cases of dysphoria, 2 
cases of laryngospasm and bronchospasm, and 
6 cases of nausea and vomiting. In group C, 
there were 12 cases of respiratory depression, 
14 cases of dysphoria, 10 cases of 
laryngospasm and bronchospasm, and 12 cases 
of nausea and vomiting. The incidence of 
adverse reactions in group A patients was 
significantly lower than those in groups B and C 
(p < 0.05). 
 
DISCUSSION 
 
Propofol, etomidate and their combination are 
relatively frequently used in clinics [20-22]. 
However, there are limited clinical studies on 
anesthesia for surgery in children. In this study, 
the clinical efficacy of combination of the two 
drugs was investigated. Data on vital indexes of 
patients in the three groups were first analyzed. It 
was found that the recovery of vital signs in 
group A which received combination of propofol 
and etomidate was markedly better than those in 
group B which received propofol alone, and 
group C given etomidate alone. This meant that 
the recovery of vital signs was significantly better 
in the propofol-etomidate combination group than 
in propofol or etomidate when used alone. 
Propofol slows down the channel closing time 
and activates related receptors. However, it 
causes local pain and discomfort at the injection 
site, which sometimes brings suffering to patients 
[23]. Thus, there is need to combine propofol 
with other drugs. Etomidate is faster in action 
than propofol. It is widely used an anesthesia for 
patients with cardiovascular disease (e.g., 
coronary artery disease), and for those with poor 
cardiac reserve, indicating that it has little 
influence on hemodynamics and cardiovascular 
diseases. Indeed, etomidate exerts protective 
effect against cardiovascular and 
cerebrovascular diseases, and also mitigates 

problems caused by propofol [24-26]. In addition, 
since etomidate counteracts some side effects of 
propofol, the recovery of vital signs will be better 
for children under combination anesthesia with 
propofol and etomidate. Moreover, comparison of 
anesthesia induction time and wake-up time 
revealed that the anesthesia induction time and 
wake-up time of patients in group A were shorter 
than those of patients in group B who received 
propofol alone, and patients in group C who were 
anesthetized with etomidate alone. Based on 
these results, it can be concluded that the 
anesthesia induction time and wake-up time of 
patients who received combination anesthesia 
were shorter than those of patients for whom 
only one drug was used. 
 
Analysis of anesthetic effect in patients in group 
A who received combination of propofol and 
etomidate showed more patients in grades I and 
II, but no patient in grade III, when compared to 
groups B and C given propofol alone and 
etomidate alone, respectively, which had fewer 
patients in grades I and II. Studies have shown 
that propofol and etomidate produce good 
anesthetic effects [27,28]. In clinical studies on 
gastroscopy anesthesia for elderly patients, it 
was demonstrated that the combination of 
propofol and etomidate was safer and had better 
anesthetic effect, relative to the use of individual 
anesthetic. Moreover, the joint use of the two 
drugs improved hemodynamic stability, reduced 
side effects, and provided rapid recovery to fully-
active state [29]. 
 
In another comparative study on the influence of 
anesthesia on hemodynamic responses to 
tracheal intubation, it was found that combination 
of etomidate and propofol produced better effect 
than the use of etomidate or propofol alone, and 
it maintained better hemodynamic stability than 
the single drugs when used alone [30]. The 
results obtained in this study are consistent with 
these findings. To sum up, the joint use of 
etomidate and propofol resulted in better effect 
on the hemodynamic stability of patients, 
reduced complications, decreased anesthesia 
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induction time and wake-up time, and superior 
anesthesia effect. 
 
Limitations of the study 
 
Since this investigation was a retrospective 
study, the use of equipment was limited. Thus, 
there were no measurements of levels of some 
molecular indicators, or identification of the 
specific molecular pathways affected by the two 
drugs. These would have been useful in 
elucidating the specific molecular mechanisms 
involved in the anesthetic effects of these drugs. 
These limitations should form the major focus of 
future investigations. 
 
CONCLUSION 
 
Overall, this study has demonstrated that for 
pediatric anesthesia, the combination of propofol 
and etomidate has a greater clinical efficacy than 
either propofol or etomidate, Moreover, the 
combination produces greater improvement in 
vital indices of the patients. 
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