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Abstract 

Purpose: To investigate the effects of sevoflurane and propofol on hemodynamics, cerebral oxygen 
metabolism and analgesia during maintenance of paediatric anaesthesia. 
Methods: A total of 134 paediatric patients undergoing surgical anaesthesia in the General Surgery 
Department of Children’s Hospital of Nanjing Medical University from July 2016 to July 2017 were 
anesthetised with propofol (control group, n = 67) or sevoflurane (study group, n = 67). The 
hemodynamics, cerebral oxygen metabolism index, analgesic effect and adverse reaction were 
determined in both groups and compared.  
Results: Heart rate (HR) differed significantly between the two groups in the A3 stage (p < 0.05). 
Systolic and diastolic blood pressures (SBP and DBP) were statistically different between the two 
groups in the A2 stage (p < 0.05). In the A2 and A3 stages, jugular venous blood oxygen saturation 
(SjvO2) was higher in the study group, and the differential between arterial oxygen and jugular venous 
blood oxygen saturation (Da-jvO2) and cerebral oxygen extraction rate (CERO2) were lower than 
corresponding values in the control group (p < 0.05). In both groups of patients, SjvO2 in A3 stage was 
lower than that in A2 stage (p < 0.05), and Da-jvO2 and CERO2 were higher in A3 stage than those in 
A2 stage (p < 0.05).  
Conclusion: Sevoflurane and propofol maintain balance in cerebral oxygen metabolism and 
hemodynamic stability when used as paediatric anaesthesia. However, sevoflurane is superior to 
propofol in protecting the brain tissue of children from damage. 
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INTRODUCTION 
 
In clinical surgery, due to the rapid growth and 
development of children, brain metabolism is 
extremely fast, meaning that the oxygen 
consumption is very high, and the blood flow rate 

is fast. However, in the face of external invasion, 
their ability of self-regulation is not as good as 
that of adults [1]. Thus, imbalance in supply and 
demand of cerebral oxygen metabolism usually 
occur during the maintenance of anaesthesia, 
which can lead to cerebral ischaemia, hypoxia 
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injury and cardiovascular damage in children 
[2,3]. Therefore, the choice of anaesthesia is 
very important. In addition, the analgesic effect of 
paediatric anaesthetics should be taken into 
account in view of the emotional fluctuation and 
pain tolerance during paediatric surgery [4]. At 
present, sevoflurane and propofol have been 
widely used in the clinics. Studies have shown 
that they have advantages of good controllability, 
low levels of damage to the human body and 
high degree of safety, and have been applied in 
the maintenance of paediatric anaesthesia [5]. 
However, there is little research on the effects of 
the maintenance of anaesthesia on 
hemodynamics, cerebral oxygen metabolism and 
analgesic effects in children. In this study, the 
effects of sevoflurane and propofol on 
hemodynamics, cerebral oxygen metabolism and 
analgesic effects during the maintenance of 
paediatric anaesthesia were investigated. 
 
METHODS 
 
Patient profile  
 
Overall, 134 paediatric patients undergoing 
surgical anaesthesia in the general surgery 
department of our hospital from July 2016 to July 
2017 were assigned (without bias) to 2 groups: 
control group and study group. The control group 
consisted of 67 patients comprising 34 boys and 
33 girls aged 4 - 9 years old, with a mean age of 
6.8 ± 0.9 years. There were 15 patients with 
congenital megacolon, 20 patients with cleft lip 
and palate, 18 cases of intussusception and 14 
cases of congenital choledochal cyst. The study 
group consisted of 67 cases, made up of 33 boys 
and 34 girls aged 4 - 9 years old, with an 
average age of 6.6 ± 1.0 years. In this group, 13 
patients had congenital megacolon, 19 patients 
had cleft lip and palate, 20 patients were with 
intussusception and congenital choledochal cyst 
was seen in 15 patients. Age, medical history, 
sex and other basic data were comparable 
between both groups. 
 
Inclusion criteria: The included patients were 
those without other craniocerebral diseases; 
patients without dysfunction in major organs 
(heart, liver and kidney); those with Glasgow 
coma scale (GCS) score of more than 15 points; 
patients with no history of sedation or 
operation history; patients within the American 
Society of Anaesthesiologists (ASA) ranks of 
grades I - II; and those without haematological 
diseases. 
 
This study received approval from the Ethical 
Committee of Children’s Hospital of Nanjing 
Medical University, and was executed in line with 

the Helsinki Declaration of 1964 as amended in 
1996 [6]. 
 
Administration of anaesthesia 
 
Patients in both groups were given routine 
preparations before their operation, with fasting 
for 10 h and no drinking permitted 2 h before the 
operation. The electrocardiogram, blood 
pressure and heart rate of the patients were 
monitored after entering the operating room. 
Anaesthesia induction was carried out by the 
intravenous infusion of atropine (0.01 mg/kg), 2.5 
mg/kg of propofol, 0.1 mg/kg of midazolam, 0.5 
μg/kg of sufentanyl, and 0.1 mg/kg of 
vecuronium bromide. Then, 0.5 μg/kg/h of 
dexmetidine hydrochloride was injected over 15 
min to relieve respiratory inhibition. The injection 
was halted 30 min to the end of surgery. When 
the eyelash reflex disappeared, tracheal 
intubation, general anaesthesia and mechanical 
ventilation were performed. The control group 
was treated with propofol anaesthesia, while the 
study group was injected with sevoflurane. 
During the maintenance of anaesthesia, the 
speed of the pump injection and the 
concentration of anaesthetic were changed 
according to the changes in respiration, heart 
rate and blood pressure. 
 
Study parameters 
 
The cerebral oxygen metabolism index of arterial 
oxygen content (CaO2), SjvO2, Da-jvO2, and 
CERO2 were recorded and analysed at four time 
periods: period A1 (after successful 
catheterisation of arteriovenous puncture); period 
A2, a bi-spectral index (BIS) value less than 50; 
period A3 (after anaesthesia maintenance for 15 
min); and period A4 (after the end of the 
operation). The SBP, DBP, MAP and HR were 
determined, and hemodynamic changes were 
analysed. 
 
The analgesic effects of anaesthesia in the two 
groups were recorded and analysed, and the 
criteria were graded into 3 levels: grade I: during 
the operation, there was no pain, muscle 
relaxation was good, and the operation 
went smoothly; grade II: during the operation, 
there was no pain, but there was slight 
discomfort, which required slight anaesthetic 
intensity or increased concentration for 
completing the operation; and grade III: there 
was obvious pain and muscle tension during the 
operation, which required a large increase in the 
intensity or concentration of anaesthesia so as to 
complete the operation. The effectiveness (E) of 
analgesia was calculated as in Eq 1. 
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E (%) = {(G1 + G2)/N}100 ………… (!) 
 
where G1 and G2 are grades 1 and 2 pain 
scores, respectively, and N is the total no. of 
cases examined. 
 
The adverse reactions caused by anaesthesia 
maintenance during the operation were recorded, 
including delayed resuscitation from anaesthesia, 
respiratory inhibition, arrhythmia and 
restlessness. 
 
Statistical analysis 
 
Statistical software SPSS18.0 was used for data 
analysis. Measurement data are expressed as 
mean ± standard deviation (SD), and Student’s t-
test was used for statistical analysis. Count data 
are expressed as mean ± standard deviation 
(SD). Statistical analysis was done using chi 
squared (χ2) test. Values of p < 0.05 were taken 
as indicative of statistically significant 
differences. 
 
RESULTS 
 
Haemodynamic indices  
 
Table 1 shows changes in haemodynamic 
indices from stage A1 to stage A4 during 
anaesthesia maintenance in both groups of 
patients. The HR, SBP, DBP and MAP of the two 

groups were lower in stages A2, A3 and A4 than 
in stage A1 (p < 0.05). There were no significant 
differences in HR between the two groups at 
stages A1, A2 and A4 (p > 0.05), but there were 
significant difference at stage A3 (p < 0.05). 
Values of SBP and DBP were comparable 
between the two groups at stages A1, A3 and A4 
(p > 0.05), but differed at stage A2 (p < 0.05). At 
all stages, mean arterial pressure was similar in 
both groups (p > 0.05). 
 
Cerebral oxygen metabolism index 
 
Table 2 shows the changes in cerebral oxygen 
metabolism from stages A1 to A4 during 
anaesthesia maintenance in both groups of 
patients. Values of SjvO2, Da-jvO2 and CERO2 
were comparable between the study and control 
groups at stages A1 and A4. In stages A2 and 
A3, SjvO2 in the study group was significantly 
higher than that in the control group (p < 0.05); 
Da-jvO2 and CERO2 were markedly lower in the 
study group than in the control group, and SjvO2 
at stage A3 was significantly lower than that at 
stage A2, while Da-jvO2 and CERO2 were 
significantly higher in stage A3 than in stage A2 
(p < 0.05). Arterial oxygen content was similar in 
the two groups at stages A1 to A4 (p > 0.05) and 
there was no within-group significant difference 
at each stage (p > 0.05). 
 

 
Table 1: Changes in haemodynamic indices during anaesthesia maintenance (n = 67) 
 
Haemodynamic 
 index Group A1 A2 A3 A4 
HR 
(times/min) 

Control  79.47 ± 2.43 74.28 ± 1.38# 73.09 ± 0.88# 71.97 ± 0.56# 
Study  79.24 ± 2.41 74.09 ± 1.21# 71.92 ± 0.48*# 71.56 ± 0.55# 

Systolic blood 
 pressure 

Control  121.43 ± 6.76 109.21 ± 5.64# 106.59 ± 7.99# 104.38 ± 5.67# 
Study  121.37 ± 7.79 114.78 ± 7.02*# 108.23 ± 6.66# 106.43 ± 6.56# 

Diastolic blood 
pressure 

Control  80.06 ± 3.67 75.47 ± 5.08# 71.67 ± 4.34# 70.11 ± 3.26# 
Study  80.47 ± 4.09 71.37 ± 5.89*# 70.45 ± 5.08# 70.01 ± 4.67# 

MAP (mmHg) Control  81.53 ± 1.56 75.47 ± 0.58# 74.37 ± 0.49# 74.31 ± 0.34# 
Study 81.09 ± 1.23 75.23 ± 0.54# 74.26 ± 0.45# 74.09 ± 0.29# 

*P < 0.05, compared with the control group; #p < 0.05, the same group compared with A1 
 
Table 2: Changes in cerebral oxygen metabolism indices in anaesthesia maintenance during surgery (n = 67) 
 
Cerebral oxygen 
metabolism 
index 

Group A1 A2 A3 A4 

CaO2 
(ml/L) 

Control 156.37 ± 26.45 154.03 ± 22.5 152.21 ± 21.34 149.38 ± 23.45 
Study 155.67 ± 26.43 154.23 ± 23.17 152.27 ± 21.38 149.23 ± 21.38 

SjvO2 
(%) 

Control 61.38 ± 5.68 65.39 ± 7.23# 63.18 ± 5.09 61.22 ± 5.32 
Study 60.98 ± 5.47 68.43 ± 8.09*# 65.23 ± 5.47* 61.09 ± 5.03 

Da-jvO2 
(ml/L) 

Control 49.73 ± 5.03 43.67 ± 4.88# 44.93 ± 4.78 48.54 ± 4.97 
Study 49.99 ± 5.11 38.94 ± 4.37*# 39.65 ± 4.53* 48.39 ± 4.78 

CERO2 
(%) 

Control 35.74 ± 4.17 32.69 ± 3.77# 37.53 ± 5.47 35.33 ± 4.08 
Study 35.69 ± 4.09 30.78 ± 3.43*# 32.39 ± 4.01* 35.21 ± 3.98 

* P < 0.05, compared with the control group; #p < 0.05, the same group compared with A3 
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Analgesic effect  
 
Table 3 shows the analgesic effect of the two 
anaesthetics. The analgesic effectiveness in the 
control group was markedly lower than that in the 
study group (χ2 = 13.678, p < 0.01). 
 
Table 3: Analgesic effect in anaesthesia maintenance 
during surgery (n = 67) 
 

Group Grade 
I 

Grade 
II 

Grade 
III 

Degree of 
analgesic effect 

Study 39 21 7 89.55% 
Control  29 15 23 66.67% 
χ2    13.768 
P    <0.01 
 
Adverse reactions 
 
During the maintenance of anaesthesia, there 
were 4 cases of restlessness, 6 cases of 
respiratory depression, 3 cases of delayed 
anaesthesia recovery, and 5 cases of arrhythmia, 
which altogether amounted to 29.03 % adverse 
reactions in the control group. There were one 
case of restlessness, 2 cases of respiratory 
depression, 1 case of delayed anaesthesia 
recovery, and 2 cases of arrhythmia, all of which 
accounted for 9.68 % adverse reactions in the 
study group. There was a significant difference in 
the adverse reactions between the two groups 
(χ2 = 10.389, p < 0.01). 
 
DISCUSSION 
 
The speed of brain metabolism in children is 
faster than that in adults, and a large amount of 
oxygen is consumed in the process of brain 
metabolism. At the same time, the ability of 
automatic regulation of brain tissue in children is 
also relatively poor. Thus, problems such as 
cerebral hypoxia and ischaemia easily arise in 
children's anaesthesia maintenance during 
operations [7]. These problems lead to an 
imbalance in cerebral oxygen metabolism and 
eventually result in severe damage to the brain 
tissue of children. In severe cases, they may 
greatly affect the cognitive function and 
intelligence of children post-operation [8]. 
Therefore, it is very important to monitor and 
analyse cerebral oxygen metabolism, 
hemodynamics and analgesic effects during the 
selection of anaesthetic drugs in children, as well 
as the maintenance of anaesthesia [9]. 
 
Sevoflurane and propofol can be used as 
anaesthetics in children. Sevoflurane is a new 
inhalation anaesthesia medication [10] which has 
a rapid absorption rate, good anaesthetic effect, 
strong analgesia effect, rapid absorption, rapid 
awakening speed, clear consciousness in 

children, and a lower impact on the children's 
respiratory tract [11]. Some researchers 
speculate that it protects children's brain tissue 
by controlling disorders in ionic channels and 
inhibiting the generation of free radicals. The 
blood gas partition coefficient of sevoflurane is 
only 0.63, and the hemodynamics is stable [12]. 
Propofol is an intravenous. Rapid-acting general 
anaesthetic agent [13]. The anaesthetic effect of 
propofol is very strong and its lipid solubility is 
relatively high, but the time of anaesthesia 
maintenance is short [14]. Thus, after the 
operation, the patients regain consciousness 
more rapidly and their mood is stable [15]. 
Propofol is mainly used in short clinical 
operations. It protects brain tissue by inhibiting 
inflammatory factors, releasing excitatory amino 
acids in children and inhibiting lipid peroxidation 
[16,17]. 
 
Hemodynamics refers to the mechanics of blood 
flowing through blood vessels. It is studied by 
blood flow, blood pressure, blood flow resistance 
and the correlation of these indices. However, 
blood pressure (SBP and DBP) is the most 
commonly used. In this study, SBP, DBP, HR 
and MAP of the two groups at stages A2, A3 and 
A4 were lower than those at stage A1. 
Hemodynamic indices were similar between the 
two groups except SBP and DBP in stage A2. It 
was indicated that both sevoflurane and propofol 
had some effects on SBP, DBP, HR and MAP 
during the process of anaesthesia. 
 
However, according to the experimental data, 
during the maintenance of anaesthesia in 
children, with deep anaesthesia stability in 
children’s emotions, emergency response is 
reduced, indicating that sevoflurane and propofol 
have little effect on haemodynamic stability. 
Research has also found that hemodynamics 
were stable when propofol or sevoflurane was 
used in the maintenance of anaesthesia in 
children [12]. However, sevoflurane has less 
effect on HR, MAP, systolic blood pressure and 
diastolic blood pressure than propofol. 
 
It was highlighted in some studies that SjvO2 is 
related to the amount of cerebral oxygen intake. 
Higher values show that the cerebral oxygen 
supply is higher than cerebral oxygen 
consumption [18]. The higher the Da-jvO2 value, 
the higher the cerebral oxygen utilization rate in 
patients. The CERO2 sensitively reflects whether 
the patient is hypoxic during the operation. In this 
study, after the use of sevoflurane and propofol, 
the CaO2 of the patients was almost unaffected 
during the operation; SjvO2, Da-jvO2 and CERO2 
were certainly influenced, but they were able to 
return to the preoperative levels after the 
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operation. In stage A2, after the use of 
sevoflurane and propofol, the CERO2 value 
decreased, indicating that both drugs could 
reduce cerebral oxygen metabolism, and the 
control was relatively high during operation. It 
was shown in other related studies that both 
sevoflurane and propofol could reduce cerebral 
oxygen metabolism [19]. These results indicate 
that both drugs protect the brain tissue of 
children during operations. 
 
In the period A2 (BIS value less than 50), the 
value of Da-jvO2 increased, which directly affects 
the supply of qi and blood during the operation 
[7]. In this study, Da-jvO2 was lower in the 
sevoflurane anaesthesia group than in the 
propofol anaesthesia group at stages A2 and A3. 
It was demonstrated that sevoflurane had less 
effect on the supply of qi and blood in patients. In 
the meantime, CERO2 in the sevoflurane 
anaesthesia group was lower than in the propofol 
anaesthesia group, which indicated that, 
compared with propofol, sevoflurane could lower 
the cerebral oxygen metabolism rate and prevent 
brain tissue injury in children. The disadvantage 
of propofol is that the effect of muscle relaxation 
and analgesia is not obvious, and patients may 
have some adverse reactions during the 
operation [20]. The analgesic effectiveness was 
higher in the sevoflurane group than in the 
propofol group, and the adverse reaction due to 
sevoflurane was lower than that of propofol. 
These results are consistent with the results of 
Min et al [21]. 
 
Limitations of the study     
 
The number of patients used was small, and the 
study was based on one centre only. Therefore, 
the conclusion drawn should be interpreted with 
be caution.         
 
CONCLUSION 
 
The findings of the study show that sevoflurane 
and propofol maintain cerebral oxygen 
metabolism balance and hemodynamics in 
paediatric anaesthesia. Compared with propofol, 
sevoflurane protects the brain tissue of children 
from injury, and has a better analgesic effect and 
lower adverse reaction. Therefore, sevoflurane 
may reduce the risk of brain injuries, such as 
cerebral ischemia and hypoxia in children 
undergoing high risk operations. 
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