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Abstract: Objective: To compare the effects of total intravenous anesthesia (TIVA) and inhalation anesthesia (IA) 
on intraoperative cerebral oxygen saturation in children with obstructive sleep apnea syndrome (OSAS). Methods: 
Children with elective surgery (n=82) for OSAS were randomly divided into a TIVA group (group P) and an IA group 
(group S). Regional cerebral oxygen saturation (rSO2), heart rate (HR), blood pressure (BP), pulse oxygen saturation 
(SPO2) and postoperative neuron-specific enolase (NSE) levels were measured and recorded before induction (T0), 
immediately after anesthesia (T1), 10 min (T2), 20 min (T3) and 30 min (T4) after anesthesia, immediately at the 
end of anesthesia (T5) and at recovery from anesthesia (T6). The operation time, recovery time and anesthesia-
related complications were recorded. Results: There were no significant differences in mean arterial pressure (MAP) 
and SPO2 between the two groups at each time point (P>0.05). The HR of patients in group S after T2 was signifi-
cantly higher than that in group P (P<0.05). Compared with group P, the rSO2 value in group S was higher (P<0.05), 
while the NSE content was lower (P<0.05) at each time point after T2. There was no marked difference in operation 
time between the two groups (P>0.05). The recovery time in group S was longer, and the incidence of nausea and 
vomiting and agitation was significantly increased compared with group P (P<0.05). Conclusion: Compared with 
TIVA, IA can increase the value of cerebral oxygen saturation, decrease the content of NSE, and reduce the damage 
of nerve cells in children with OSAS during surgery, which has a certain brain protection effects.
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Introduction

The function of each organ system in children is 
gradually developed and matures with age, in 
which the development of the nervous system 
is particularly important. Compared with adults, 
the brain of children consumes more oxygen as 
their brain metabolism is more active, and once 
the brain’s oxygen supply fails to maintain brain 
metabolism, it will damage brain cells, affecting 
the development of the nervous system [1, 2]. 
In general anesthesia, children are more prone 
to hypoxemia than adults due to the influence 
of anesthetic drugs and surgery, and once the 
body is hypoxic for too long, it will cause perma-
nent damage to the nerves [3]. Therefore, it is 
of the essence to monitor the oxygen supply 
and demand of the brain in pediatric anesthe-

sia. At present, the mainstream method for 
monitoring the balance of cerebral oxygen sup-
ply and demand is regional cerebral oxygen 
saturation (rSO2). Some studies have confirmed 
that the decrease of cerebral oxygen saturation 
occurs almost simultaneously with cerebral 
hypoxia, especially when cerebral oxygen satu-
ration falls below 60% when the cerebral hypox-
ia is obvious, so the detection of cerebral oxy-
gen saturation can determine whether the brain 
may be hypoxic [4, 5]. Currently, drugs for gen-
eral anesthesia are mainly divided into intrave-
nous anesthetics and inhalation anesthetics, 
both of which have pros and cons. Although 
numerous research has confirmed that both of 
them can be used in pediatric general anesthe-
sia and play a good anesthetic effect [6, 7], lit-
tle has been done to compare whether these 
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two drug delivery methods exert different 
effects on brain cells in children with obstruc-
tive sleep apnea syndrome (OSAS). Therefore, 
this paper mainly monitored rSO2 to explore 
the effects of total intravenous anesthesia 
(TIVA) and inhalation anesthesia (IA) on brain 
metabolism in children.

Materials and methods

General information

Patients who underwent tonsillectomy or ade-
noidectomy (n=82) in The First People’s Hos- 
pital of Urumqi (Children’s Hospital) from June 
2018 to December 2019 were selected. In- 
clusion criteria: (1) patients aged 2-12 years 
with OSAS requiring tonsillectomy or adenoid-
ectomy [8, 9]; (2) patients with ASA grade [10] 
I-II; (3) elective surgery patients who had not 
received surgery in the past year; (4) patients 
with a weight of 10-40 kg and a height of 
80-130 cm; (5) patient who had not taken sed-
atives or analgesics within the last month. 
Exclusion criteria: (1) patients complicated with 
severe heart, liver, kidney or other organ dys-
function; (2) patients with mental illness; (3) 
patients who were allergic to anesthetic drugs. 
This study was conducted with the approval of 
the Ethics Committee of The First People’s 
Hospital of Urumqi (Children’s Hospital) and 
with the consent of the patient’s family.

Research participants

Patients who underwent elective OSAS surgery 
(n=82) were enrolled and randomly divided into 
the TIVA group (group P) and IA group (group S) 
according to a computer random number meth-
od, with 41 patients in each group. The patients 
were then subjected to a single blind trial, i.e., 
the children and their patients did not know the 
mode of anesthesia to be performed.

Anesthesia methods

Preanesthetic drugs were not used before 
operation. As soon as the patient entered into 
the operating room, venous access and vital 
signs were established to monitor: rSO2 (the 
sensor of cerebral oximeter (FORE-SIGHT, 
Casmed Company, USA) was placed 2 cm 
above the left of the patient’s forehead), blood 
pressure (BP), mean arterial pressure (MAP), 

heart rate (HR), pulse oxygen saturation (SPO2) 
and bispect ral index (BIS). Mask oxygenation 
(oxygen flow rate: 5 L/min) was performed for 3 
min, followed by nitrogen removal for anesthe-
sia induction. Then, midazolam (0.2 mg/kg; 
Liyuexi, Jiangsu Nhwa Pharmaceutical Co., 
Ltd.), rocuronium (0.6 mg/kg: Xianlin, Zhejiang 
Xianju Pharmaceutical Co., Ltd.), sufentanil (0.5 
μg/kg: Yichang Humanwell Pharmaceutical Co., 
Ltd.), propofol (2.0 mg/kg; Propofol 1% Fre- 
senius, Limengxin, Xi’an Libang Pharmaceutical 
Co., Ltd.) were given sequentially, and endotra-
cheal intubation mechanical ventilation was 
performed when the muscles were completely 
relaxed and the BIS value was below 60, with 
oxygen concentration of 80% and flow rate of 2 
L/min. During the operation, group P was main-
tained with propofol pump (6-8 mg/kg/h) + 
remifentanil pump (0.25-1 μg/kg/min), while 
group S was maintained with sevoflurane (1%-
3%). If the operation lasted for more than one 
hour, rocuronium (0.25 mg/kg) was added to 
maintain BIS value between 40-60. All anes-
thetics were stopped 5 min before the end of 
the operation. After the operation, the patient 
was sent to the anesthesia resuscitation room, 
and the tube was extubated after the child 
regained spontaneous breathing and con-
sciousness. Only when the Steward resuscita-
tion score [11] reached more than 4 points and 
the child was completely awake were they left 
the resuscitation room.

Outcome measures

Main outcome measures: Cerebral oxygen sat-
uration and SPO2 were measured and recorded 
immediately before induction, i.e. before oxy-
gen and nitrogen removal (T0), immediately 
after anesthesia (T1), 10 min (T2), 20 min (T3) 
and 30 min (T4) after anesthesia, immediately 
at the end of anesthesia (T5) and at recovery 
from anesthesia (T6), and neuron specific eno-
lase (neuron-specific enolase, NSE) in blood 
was measured after operation.

Secondary outcome measures: MAP and HR 
were measured and recorded before induction 
(T0), immediately after anesthesia (T1), 10 min 
(T2), 20 min (T3) and 30 min (T4) after anesthe-
sia, immediately at the end of anesthesia (T5) 
and at recovery from anesthesia (T6). The oper-
ation time and anesthesia recovery time we- 
re recorded. Anesthesia-related complications 
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were recorded at 24 hours postoperatively. 
Incidence of postoperative nausea, vomiting 
and restlessness (none; mild: restlessness 
occurs under strong stimulation such as spu-
tum aspiration, which stops as soon as the 
stimulation stops; moderate: restlessness 
occurs without stimulation, but without stop-
ping; severe: severe struggle, drug or physical 
methods are needed to stop it [12]) were 
observed, and only those with moderate to 
severe restlessness were recorded in this 
paper.

Statistical analysis

The experimental data were analyzed using 
SPSS 19.0 and plotted by Graphpad Prism 5 
software. The measurement data are expressed 
as mean ± standard deviation (

_
x  ± sd). The 

independent sample t-test or repeated mea-
sures ANOVA was employed for comparison 
between the two groups. The Bonferroni post-
test was applied to compare the difference in 
measurement data between each two groups 
at each time point. The counting data are 
expressed as percentage, and the comparison 
between groups was conducted by χ2 test. 

ative blood NSE content in group P was signifi-
cantly higher than that in group S (P<0.001). 
See Table 2.

Comparison of cerebral oxygen saturation

There was no significant difference in rSO2 
value between the two groups at T0 and T1 
(P>0.05), and the rSO2 at T1 was significantly 
lower than that at T0 (P<0.05). Compared with 
T0 and T1, the rSO2 value increased signifi-
cantly at T2, T3, T4, T5 and T6 in both groups 
(P<0.05). The rSO2 in group S was significantly 
higher than that in group P at T2, T3, T4, T5 and 
T6, and the differences were statistically signifi-
cant (P<0.001). See Table 3; Figure 1.

Comparison of general vital signs

There were no significant differences in MAP 
and SPO2 between the two groups at T0, T1, T2, 
T3, T4, T5 and T6 (P>0.05). The HR of patients 
in group S was significantly higher than that in 
group P at T2 (P<0.05), but there was no differ-
ence with group P at T0, T1 and T6 (P>0.05). 
The MAP and HR at T1 were lower than those at 
T0 in both groups (P<0.05). See Table 4.

Table 1. Comparison of general information
Group Group P Group S t P/χ2

Age (years) 7.54±4.12 8.03±3.51 -0.580 0.564
Gender (case) 0.198 0.656
    Male 24 22
    Female 17 19
Height (cm) 114.72±11.26 118.33±9.75 -1.552 0.125
Weight (kg) 31.82±6.59 29.77±7.43 1.322 0.190
ASA grading (case) 0.576 0.448
    I 32 29
    II 9 12
Note: ASA: American society of anesthesiologists. Group P: intravenous anesthesia 
group; group S: inhalation anesthesia group.

Table 2. Comparison of intraoperative conditions
Group Group P Group S t P
Operation time (min) 83.36±15.17 87.66±12.98 -1.379 0.172
Intraoperative blood loss (mL) 56.43±19.87 59.54±16.88 -0.764 0.447
Anesthesia recovery time (min) 31.56±10.17 40.38±13.42 -3.354 0.001
NSE content (ng/mL) 10.37±4.23 7.48±3.16 3.505 0.000
Note: NSE: neuron-specific enolase. Group P: intravenous anesthesia group; group S: 
inhalation anesthesia group.

P<0.05 is considered to 
be statistically significant.

Results

Comparison of general 
information

There were no significant 
differences in age, gen-
der, height, weight and 
ASA grading between the 
two groups (P>0.05, Table 
1).

Comparison of intraopera-
tive conditions

There were no significant 
differences in operation 
time and intraoperative 
blood loss between the 
two groups (P>0.05). The 
anesthesia recovery time 
in group S was significant-
ly longer than that in group 
P (P<0.01). The postoper-
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Comparison of anesthesia complications

The rate of postoperative nausea, vomiting and 
restlessness in group S was significantly higher 
than that in group P (P<0.01). See Figure 2.

Discussion

Under normal physiological states, cerebral 
blood flow maintains a relative balance through 

HR, the decreased HR may lead to reduced 
blood supply [16]. Although the SPO2 can still 
be maintained due to sufficient oxygen intake 
before induction and controlled breathing dur-
ing the operation, it is not known whether the 
brain is in a state of hypoxia. Prolonged hypoxia 
will significantly affect brain nerve cells [17], 
especially in children, which will affect their 
neurodevelopment [18]. Therefore, monitoring 
of brain oxygen saturation is crucial in pediatric 
surgery. Currently, cerebral oxygen saturation 
monitoring has been applied in surgical proce-
dures, but mainly in cardiac surgery [19, 20]. 
Since cardiac surgery may involve operations 
such as clamping the aorta, which will have a 
greater impact on hemodynamics, monitoring 
rSO2 can more better monitor the cerebral 
hypoxia and can avoid nerve cell damage in real 
time. Actually, even in ordinary surgery, rSO2 
also needs to be monitored, especially in long-
term operations. Although SPO2 is at normal 
levels during anesthesia, there is a possibility 
that there still may be cerebral hypoxia. The 
younger the age is, the greater the likelihood 
that hypoxia will cause nerve damage. The- 
refore, some studies have proposed that the 
monitoring of rSO2 should be universal in all 
kinds of surgery [5]. At present, general anes-
thesia maintenance drugs are mainly divided 
into intravenous anesthetics and inhalation 
anesthetics, both of which can achieve good 
anesthetic effect in maintaining anesthesia. 
However, the clinical application value of the 
two depends on which drug maintenance will 
better allow brain protection in pediatric anes-
thesia as they exert different effects on pediat-
ric rSO2. In this paper, both two kinds of anes-
thesia maintenance drugs were investigated.

Table 3. Comparison of cerebral oxygen saturation
Time/Group Group P Group S F P
T0 73.87±3.40 74.68±3.25 -1.103 0.273
T1 69.39±4.13* 70.26±3.86* 0.985 0.327
T2 82.33±4.78**,ΔΔ 87.00±5.85***,ΔΔΔ -3.958 <0.001
T3 83.90±3.71**,ΔΔ 87.80±4.97***,ΔΔΔ -4.026 <0.001
T4 85.55±3.84**,ΔΔ 93.06±2.43***,ΔΔΔ -10.594 <0.001
T5 85.18±4.91**,ΔΔ 92.26±2.69***,ΔΔΔ -8.097 <0.001
T6 85.57±4.92** 92.84±3.39*** -7.791 <0.001
Note: Compared with T0, *P<0.05; compared with T0, **P<0.01; compared 
with T0, ***P<0.001; compared with T1, ΔΔP<0.01; compared with T1, 
ΔΔΔP<0.001. Group P: intravenous anesthesia group; group S: inhalation 
anesthesia group. T0: before induction; T1: immediately after anesthesia; 
T2: after anesthesia 10 min; T3: after anesthesia 20 min; T4: after anesthe-
sia 30 min; T5: immediately at the end of anesthesia; T6: at recovery from 
anesthesia.

Figure 1. Comparison of cerebral oxygen satura-
tion. Compared with T0, *P<0.05; compared with 
T0, **P<0.01; compared with T0, ***P<0.001; 
compared with T1, ΔΔP<0.01; compared with T1, 
ΔΔΔP<0.001; compared with group P, ☆P<0.05; com-
pared with group P, ☆☆P<0.01; compared with group 
P, ☆☆☆P<0.001. Group P: intravenous anesthesia 
group; Group S: inhalation anesthesia group. T0: 
before induction; T1: immediately after anesthesia; 
T2: after anesthesia 10 min; T3: after anesthesia 20 
min; T4: after anesthesia 30 min; T5: immediately 
at the end of anesthesia; T6: at recovery from an-
esthesia.

the regulation of cerebral perfusion 
pressure and cerebral metabolism, 
and balanced and stable cerebral 
blood flow provides adequate oxy-
gen supply and nutrition for brain 
nerve cells [13, 14]. However, when 
the cerebral blood flow can’t keep 
pace with its oxygen consumption, 
it will cause cerebral hypoxia [15]. 
Since the brain metabolism of chil-
dren is higher than that of adults, it 
is more difficult for children with 
OSAS to tolerate hypoxia. Especially 
when the HR decreases due to the 
influence of anesthetic drugs during 
anesthesia, while as the mainte-
nance of cerebral blood supply in 
children mainly depends on the fast 
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In this study, both groups of patients showed a 
decrease in rSO2 after induction compared 
with that before induction. At this time, there 
was no further oxygen inhalation during intuba-
tion, and the cerebral oxygen saturation began 
to decline, while SPO2 was still normal, indicat-
ing that SPO2 could not reflect cerebral metab-
olism and hypoxia. In addition, the rSO2 in chil-
dren maintained by IA was found to be signifi-
cantly higher than that of TIVA group at each 
time point after anesthesia intubation, and the 
postoperative NSE index of IA group was signifi-
cantly lower than that of TIVA group. NSE is one 
of the markers of brain injury. When brain injury 
occurs, the metabolism of neurons changes. 
NSE can enter the blood from nerve cells 

through the blood-brain barrier, so the content 
of NSE in the blood will increase. In this paper, 
the NSE content in TIVA group was higher than 
that in IA group, which suggesting that mainte-
nance with IA can better maintain the cerebral 
oxygen supply and reduce the injury of nerve 
cells. While it was observed that the MAP and 
SPO2 did not differ significantly between the 
two groups before induction or after anesthe-
sia. We speculate that although the intraopera-
tive HR in the inhalation group was significantly 
higher than that in the intravenous anesthesia 
group, the BP was not affected and the hemo-
dynamics was relatively stable. What’s more, 
the recovery time of patients in group S was 
significantly longer than that in group P, while 
the rSO2 of the patients in group S was still 
higher than that in group P, indicating that the 
recovery time did not affect rSO2. Moreover, 
the incidence of postoperative nausea, vomit-
ing and restlessness in group S was significant-
ly higher than that in group P, but there were no 
more serious consequences, nor were there 
any obvious adverse reactions after treatment. 
Though the cause of postoperative restless-
ness of sevoflurane has not been clearly stud-
ied, the brain injury in group P was found to be 
more serious while the incidence of postopera-
tive restlessness was lower, so it can be specu-
lated that there is no significant relationship 
between cerebral hypoxia and the incidence of 
restlessness. Therefore, compared with main-
taining anesthesia by TIVA, IA can improve cere-
bral oxygen saturation and maintain cerebral 
oxygen supply better, but its mechanism needs 
further research. The reason behind it may be 
that sevoflurane can reduce oxygen metabo-

Table 4. Comparison of general vital signs

Index Group
MAP (mmHg) HR (times/min) SPO2 (%)

Group P Group S Group P Group S Group P Group S
T0 68.65±9.12 69.23±8.54 101.32±14.25 103.47±13.87 97.51±1.35 98.12±1.66
T1 62.43±7.58# 63.14±7.84# 92.58±15.61## 93.73±14.86## 99.32±0.82 99.24±0.71
T2 69.13±8.25 68.73±9.41 87.52±11.27** 98.32±15.48 99.54±0.61 99.63±0.64
T3 67.45±9.61 69.52±8.47 89.36±12.27** 98.67±14.56 99.56±0.65 99.75±0.52
T4 70.17±9.57 68.97±9.16 87.74±14.64*** 101.26±13.93 99.72±0.41 99.67±0.78
T5 67.58±8.66 68.41±9.12 86.83±13.79** 97.58±15.19 99.83±0.64 99.91±0.24
T6 71.44±9.53 70.62±8.89 103.65±16.87 102.56±17.21 99.87±0.55 99.78±0.36
Note: Compared with T0, #P<0.05; compared with T0, ##P<0.01; compared with group S, **P<0.01; compared with group S, 
***P<0.001. MAP: mean arterial pressure; HR: heart rate; SPO2: pulse oxygen saturation. Group P: intravenous anesthesia 
group; group S: inhalation anesthesia group. T0: before induction; T1: immediately after anesthesia; T2: after anesthesia 10 
min; T3: after anesthesia 20 min; T4: after anesthesia 30 min; T5: immediately at the end of anesthesia; T6: at recovery from 
anesthesia.

Figure 2. Comparison of anesthesia complications. 
Compared with group S, ##P<0.01; compared with 
group P, ###P<0.001. Group P: intravenous anesthe-
sia group; group S: inhalation anesthesia group.
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lism in the brain [21], which in turn reduces oxy-
gen consumption, thereby reducing the inci-
dence of cerebral hypoxia. However, IA also 
increases the incidence of postoperative nau-
sea, vomiting and restlessness increases, so 
that it should be used with caution in emergen-
cy patients with full stomach. There are still 
many shortcomings in this study. For example, 
as the surgery selected is short-to-medium-
term surgery, whether a long-term surgery of 
more than 3 hours will come to the same con-
clusion needs to be further demonstrated. In 
addition, the rSO2 detected in this paper can 
only represent the local cerebral oxygen satura-
tion to indicate the possibility of hypoxia or 
ischemia in the brain locally, but whether it 
applies to the whole brain remains to be 
studied.

In summary, IA results in prolonged recovery 
time over TIVA, while as the recovery time has 
no obvious effect on cerebral oxygen satura-
tion. IA maintenance is still worthy of clinical 
promotion in that it can improve the value of 
intraoperative cerebral oxygen saturation in 
OSAS children, with better cerebral protection 
effect. In addition, close attention should be 
paid to the occurrence of anesthesia complica-
tions in patients, and IA may not be suitable for 
patients with a full stomach.
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