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Abstract. – OBJECTIVE: To investigate the 
effect of propofol and sevoflurane anesthesia on 
postoperative cognitive function. 

PATIENTS AND METHODS: Medical records 
of 280 patients who underwent hepatectomy in 
Jiangxi Provincial People’s Hospital from April 
2012 to July 2016 were retrospectively analyzed. 
Among those patients, 135 patients underwent 
propofol anesthesia (propofol group), and 145 
patients under sevoflurane combined anesthe-
sia (sevoflurane group). Hemodynamics was re-
corded 5 min before the induction of anesthesia 
(T0), after the induction of anesthesia (T1), at the 
beginning of the incision (T2), immediately af-
ter the incision (T3) and after the end of the sur-
gery (T4). According to the Mini-Mental State Ex-
amination (MMSE), patients’ cognitive function 
was evaluated before surgery. The levels of Aβ-
42 and Tau proteins in the patient’s serum were 
measured. 

RESULTS: The stability of the mean arteri-
al pressure after induction of anesthesia in 
the propofol group was higher than that of the 
sevoflurane group (p<0.05). MMSE scores in 
the propofol group were higher than those in 
the sevoflurane group (p<0.05). MMSE scores 
of patients in both groups 7 days after surgery 
were higher than those at 3 days after surgery 
(p<0.05). At 3 and 7 days after surgery, the lev-
els of Aβ-42 in the propofol group were lower 
than those in the sevoflurane group (p<0.05) 
and the levels of Tau protein in the propofol 
group were higher than those in the sevoflurane 
group. The levels of Aβ-42 and Tau protein on 
the 3rd day after surgery in both groups were 
significantly higher than those before surgery 
(p<0.05). The Aβ-42 levels decreased at 7 days 
after surgery in both groups (p<0.05). The level 
of Tau protein on the 7th day after surgery was 
higher than that before surgery and 3 days after 
operation (p<0.05).

CONCLUSIONS: Compared with sevoflurane 
anesthesia, propofol may improve postoperative 
Aβ-42 and Tau protein levels in patients with he-
patocellular carcinoma, and ameliorate postop-
erative cognitive function.
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Introduction

The incidence of liver cancer in developing 
countries is higher than that in developed 
countries; it is only lower than that of gastric 
cancer and esophageal cancer1. This disease 
affects people of all ages, especially the ones who 
are 40 to 49 years old2. The incidence of liver 
cancer in the male is higher than that in the female, 
and 6/7 liver cancer patients are male. Patients in 
China accounts for 42%, and the incidence in this 
country shows an increasing trend. This disease 
in China causes 600,000 new cases and 200,000 
deaths each year3,4.

Surgical treatment is the main treatment for 
liver cancer. However, cognitive dysfunction after 
surgery has always been a problem clinicians are 
working on. It has been confirmed that anesthesia 
can cause cognitive impairment in the brain, 
which in turn delays recovery and increases 
the economic burden. Cognitive dysfunction in 
severe cases may even cause death5,6. Therefore, 
how to improve anesthetic method to reduce the 
occurrence of cognitive impairment in patients 
is a big problem. Propofol, the most widely used 
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intravenous anesthetic in surgical treatment, 
acts through the γ-aminobutyric acid (GABA) 
A receptor to achieve anti-oxidation and anti-
inflammatory effects7. Sevoflurane is a new type 
of inhalation anesthetic with no upper respiratory 
irritant effects and low respiratory depression. It 
inhibits N-methyl-D-aspartate (NMDA) receptor 
and causes rapid postoperative wakefulness8. 
Aβ-42 and Tau proteins are two proteins that 
have been shown to be associated with cognitive 
function and brain damage and are elevated in the 
serum of patients with brain injury9,10.

In this work, medical records of 280 patients 
who underwent hepatectomy in the Jiangxi 
Provincial People’s Hospital were analyzed to 
discover the effects of propofol and sevoflurane 
anesthesia on cognitive function and levels of 
Aβ-42 and Tau proteins.

Patients and Methods

Patients
Medical records of 280 patients who underwent 

hepatectomy in the Department of Oncology 
of Jiangxi Provincial People’s Hospital from 
April 2012 to July 2016 were retrospectively 
analyzed. The age of those patients ranged from 
19 to 68 years. Among those patients, 135 patients 
underwent propofol anesthesia (the propofol 
group), and 145 patients underwent sevoflurane 
combined anesthesia (the sevoflurane group). 
All patients were diagnosed with hepatocellular 
carcinoma by pathological examination in the 
Jiangxi Provincial People’s Hospital with ASA 
grade of II-III. Hepatocellular carcinoma patients 
with abnormal leukocyte and lymphocyte counts 
were excluded. No distant metastasis was found 
based on imaging diagnosis and all patients were 
suitable for radical surgical resection. Patients 
did not receive any anti-tumor therapy before 
surgery, and had no history of other tumors, as 
well as cardiac or renal dysfunction. No abnormal 
bleeding or abnormal blood coagulation occurred 
before surgery. All patients had no allergies 
to propofol or sevoflurane. All patients had no 
history of alcohol abuse and use of nitroglycerin. 
Patients with Mini-Mental State Examination 
(MMSE) score<24 points before surgery, patients 
with incomplete clinical data, or with a history 
of hepatitis, with mental or learning disabilities, 
and patients with large tumor diameters were 
excluded. This study was approved by the Ethics 
Committee of the Jiangxi Provincial People’s 

Hospital and patients or their families signed an 
informed consent.

Anesthetic Method
All patients fasted for 8 hours before the 

surgery, and preoperative drug use was forbidden. 
Intravenous injection of midazolam (0.2 mg/kg, 
Jiangsu Enhua Pharmaceutical Group Co., Ltd., 
Jiangsu, China) was performed 20 min before 
surgery. Invasive arterial pressure, central venous 
pressure, electrocardiogram, blood pressure, heart 
rate, pulse and oxygen protection monitoring 
were established. In the propofol group, propofol 
(Sichuan Guorui Pharmaceutical Co., Ltd., 
Sichuan, China) was used for target-controlled 
infusion (plasma concentration 3 μg/ml), and 
intravenous injection of fentanyl (Yichang Renfu 
Pharmaceutical Co., Ltd., Hubei, China) at a dose 
of 3 μg/kg and atracurium (Jiangsu Hengrui 
Pharmaceutical Co., Ltd., Jiangsu, China) at a dose 
of 0.3 mg/kg was performed for rapid induction of 
endotracheal intubation. After intubation, oxygen 
flow was 2.0 L/min after intubation, tidal volume 
was 8-10 ml/kg, respiratory rate was 10-12 beats/
min and inhalation ratio was 1:1.5. Anesthesia 
was maintained with a Target Controlled Infusion 
(TCI) pump (cp-660tci pump, Shanghai Yuxing 
Medical Devices Co., Ltd., Shanghai, China) 
targeted infusion of propofol to maintain a plasma 
concentration of 4 μg/ml. In the sevoflurane group, 
6% sevoflurane (Fujian Gutian Pharmaceutical 
Co., Ltd., Fujian, China) inhalation was 
initially performed using 5 L/min oxygen flow. 
Patients were asked to take a deep breath. After 
consciousness disappeared, positive pressure 
manual ventilation was performed, the oxygen 
flow was reduced to 2 L/min, and the sevoflurane 
concentration in the volatilization tank is 
adjusted so that the concentration of the end-tidal 
sevoflurane is maintained at 1.0 minimum alveolar 
concentration (MAC). Intravenous injection of 
fentanyl at a dose of 3 μg/kg and atracurium at a 
dose of 0.5-0.6 mg/kg was performed to rapidly 
induce endotracheal intubation. Continuous 
inhalation of 3% sevoflurane was performed 
to maintain anesthesia. Patients in both groups 
were continuously infused with atracurium and 
fentanyl with a microinfusion pump to maintain 
bispectral index (BIS) at 40 to 60%.

Observation Indicators
Hemodynamics was recorded 5 min before the 

induction of anesthesia (T0), after the induction 
of anesthesia (T1), at the beginning of the incision 
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(T2), immediately after the incision (T3) and after 
the end of the surgery (T4). According to MMSE, 
patients’ cognitive function was evaluated 
preoperatively, 3 days after the operation (3 days), 
and 7 days after the operation (7 days). The levels 
of Aβ-42 and Tau proteins in the patients’ serum 
were measured by ELISA using kits provided by 
Life Technologies (Waltham, MA, USA).

Statistical Analysis
SPSS19.0 (SPSS Inc., Chicago, IL, USA) was 

used. Count data were recorded as [n(%)] and 
compared using the χ2-test. Measurement data 
were expressed as x–±sd, and t-test was used for 
comparisons between the two groups. Repeated-
measures analysis of variance was used for 
comparisons among different times within 
the same group. p<0.05 was considered to be 
statistically significant.

Results

General Information
280 patients were included in this study. Patients 

in the propofol group (n=135) included 105 males 
and 30 females, with an average age of (50.9±6.1) 
years. Patients in the sevoflurane group (n=145) 
included 109 males and 36 females, with a mean 
age of (49.7±5.7) years. There was no difference in 
gender and age between the two groups (p>0.05). 
No significant differences in other basic data 
such as operative time, time of recovery, ASA 
classification ratio, tumor differentiation and 

educational level were found between the two 
groups (p>0.05) (Table I).

Perioperative Hemodynamic Analysis
There was no significant difference in heart rate 

between the two groups at 5-time points (p>0.05). 

Figure 1. Heart rate changes in both groups. There was no 
significant difference between the two groups in heart rate 
at five time points (p>0.05). At T1, heart rate of both groups 
was significantly lower than that at T0 (p<0.05). At T2, heart 
rate of both groups was higher than that at T1 (p<0.05), and 
there was no difference when compared with T0 (p>0.05). 
At T3, heart rate of both groups was similar to that at T2, 
and there was no difference compared with T2 (p>0.05), but 
it was increased compared with T0 and T1 (p<0.05). At T4, 
heart rate decreased in the two groups of patients compared 
with T0, T1, T2 and T3. Notes: a, compared with T0, p<0.05; 
b, compared with T1, p<0.05, c, compared with T3, p<0.05.

Table I. Comparison of general data between two groups of patients.

 Propofol group Sevoflurane
  (n=135) group (n=145) χ2 p

Gender   0.263 0.608
Male 105 109  
Female 30 36  
(age) 50.9±6.1 49.7±5.7 1.702 0.090
Operation time (min) 194.5±42.4 196.8±45.6 0.436 0.663
Wake-up time (min) 22.1±8.2 23.3±9.4 1.135 0.258
ASA (n%)]   0.861 0.353
II 68 (50.4) 65 (44.8)  
III 67 (49.6) 80 (55.2)  
Degree of differentiation [(n%)]   0.391 0.532
I, II 98 (72.6) 110 (75.9)  
III, IV 37 (27.4) 35 (24.1)  
Education level [(n%)]   0.170 0.680
Junior high school and below 87 (64.4) 90 (62.1)  
Junior high school 48 (35.6) 55 (37.9)



J.-F. Hou, C.-L. Xiao

852

Cognitive Function Assessment of the 
Two Groups

There was no significant difference in 
preoperative MMSE scores between the two 
groups (p>0.05). There was a statistically 
significant difference in MMSE between the two 
groups on 3 and 7 days after operation (p<0.05), 
and MMSE scores in the propofol group were 
higher than those in the sevoflurane group. MMSE 
scores of the two groups were lower on the 3rd day 
after operation than those before surgery (p<0.05). 
MMSE scores of patients in the propofol group 
returned to pre-operation level on the 7th day after 
surgery (p>0.05), and were higher than those on 
the 3rd after surgery (p<0.05). MMSE scores in 
the sevoflurane group on the 7th day after surgery 
were higher than those on the 3rd after surgery, but 
were still lower than preoperative MMSE scores 
(p<0.05) (Figure 3).

Mean arterial pressure was significantly higher in 
the propofol group than in the sevoflurane group 
at T1, T2, and T4 (p<0.05). At T1, heart rate 
and mean arterial pressure of both groups were 
significantly lower than those at T0 (p<0.05). At 
T2, heart rate and mean arterial pressure were 
significantly higher in both groups than those 
at T1 (p<0.05), and there was no significant 
difference when compared with T0 (p>0.05). 
At T3, heart rate and mean arterial pressure in 
patients of the propofol group were similar to 
those at T2 (p>0.05), while heart rate and mean 
arterial pressure in the two groups were higher 
than those at T0 and T1 (p<0.05). At T4, heart rate 
and mean arterial pressure of both groups were 
significantly decreased when compared with T0, 
T1, T2, and T3. (p<0.05) (Figures 1, 2).

Figure 2. Changes in mean arterial pressure in two 
groups of patients. There was no significant difference in 
mean arterial pressure between the two groups at T0 and 
T3 (p>0.05). Mean arterial blood pressure was higher in 
the propofol group than in the sevoflurane group at T1, 
T2 and T4 (p<0.05). At T1, mean arterial pressure was 
significantly lower in the two groups compared with T0 
(p<0.05). At T2, mean arterial pressure was significantly 
higher in the two groups compared with T1 (p<0.05), and 
there was no significant difference when compared with T0 
(p>0.05). At T3, mean arterial pressure in propofol group 
showed no significant difference to that of T2 (p>0.05), but 
mean arterial pressure was significantly increased in the 
sevoflurane group compared with T2. At T4, mean arterial 
pressure decreased significantly in both groups compared 
with T0, T1, T2 and T3 (p<0.05). Notes: a, compared to 
propofol group, p<0.05; b, compared to T0, p<0.05; c, 
compared with T1, p<0.05; d, compared with T2, p<0.06; e, 
compared with T3, p<0.05.

Figure 3. Assessment of cognitive function in both groups. 
No significant difference in preoperative MMSE scores 
was found between the two groups (p>0.05). There was a 
statistically significant difference in MMSE between the 
two groups on 3 days and 7 days after operation (p<0.05), 
and MMSE scores in the propofol group were higher than 
those in the sevoflurane group. MMSE scores of the two 
groups were lower on 3rd day after operation than those 
before surgery (p<0.05). MMSE scores of patients in the 
propofol group returned to the pre-operation level on 7th 
day after surgery (p>0.05), and were higher than those on 
3rd after surgery (p<0.05). MMSE scores in the sevoflurane 
group on the 7th day after surgery were higher than those on 
the 3rd after surgery, but were still lower than preoperative 
MMSE scores (p<0.05). Notes: a, compared with the 
propofol group, p<0.05; b, compared with the preoperative 
level, p<0.05; c, compared with the level at 3rd day after 
surgery, p<0.05.
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that sevoflurane anesthesia had less influence 
on cognitive function in patients undergoing 
cholecystectomy than propofol. Tian et al12 reported 
that propofol had less effect on cognitive function 
in patients undergoing lung cancer resection than 
sevoflurane. The effects of propofol and sevoflurane 
anesthesia on cognitive function of patients in 
distinct operations are different, but the effects of 
propofol and sevoflurane on cognitive function of 
patients undergoing hepatectomy are still not well 
studied. Aβ42 has been shown to induce apoptosis 
and is closely associated with the risk of cognitive 
impairment in patients13. Tau protein is the most 
abundant microtubule-structure-associated protein 
in nerve cells and has also been shown to be 
associated with cognitive dysfunction. In this study, 
we analyzed the medical records of patients who 
underwent hepatocellular carcinoma resection and 
investigated the effects of propofol or sevoflurane 
anesthesia on cognitive function and levels of Aβ-
42 and Tau.

The results of this study showed no difference 
in heart rate and mean arterial pressure between 
the two groups before surgery, but the stability of 
mean arterial pressure after induction of anesthesia 

Aβ-42 and Tau Protein Levels in the Two 
Groups

There was no difference in the preoperative 
levels of Aβ-42 and Tau protein between the two 
groups (p>0.05). At 3 and 7 days after surgery, the 
levels of Aβ-42 in the propofol group were lower 
than those in the sevoflurane group (p<0.05) and 
the levels of Tau protein in the propofol group were 
higher than that in the sevoflurane group. The 
levels of Aβ-42 and Tau protein on the 3rd day after 
surgery in both groups were significantly higher 
than those before surgery (p<0.05). The Aβ-42 
level was decreased at 7 days postoperatively in 
both groups (p<0.05), but it was still higher than 
the preoperative level (p<0.05). The level of Tau 
protein on the 7th day after surgery was higher 
than that before surgery and 3 days after surgery 
(p<0.05) (Figures 4 and 5).

Discussion

At present, the effects of propofol and sevoflurane 
on cognitive function after anesthesia have been 
extensively reported. Goswami et al11 reported 

Figure 4. Aβ-42 test results in the two groups. There was 
no difference in the level of preoperative Aβ-42 protein 
level between the two groups (p>0.05). At 3 days and 7 days 
after operation, the level of Aβ-42 in the propofol group 
was lower than that in the sevoflurane group (p<0.05). The 
level of Aβ-42 protein in both groups on the 3rd day after 
operation was higher than that before surgery (p<0.05). 
Aβ-42 level was decreased at 7 days postoperatively in both 
groups compared with 3rd day after the operation (p<0.05), 
but it was still higher than the preoperative level (p<0.05). 
Notes: a, compared with the propofol group, p<0.05; b, 
compared with the preoperative level, p<0.05; c, compared 
with 3 days after operation, p<0.05.

Figure 5. Tau test results in the two groups. There was 
no difference in the level of preoperative Tau protein level 
between the two groups (p>0.05). At 3 days and 7 days after 
operation, the level of Tau in the propofol group was lower 
than that in the sevoflurane group (p<0.05). The level of Tau 
protein in both groups on the 3rd day after the operation 
was higher than that before surgery (p<0.05). Tau protein 
level in both groups on the 3rd day after the operation was 
higher than the preoperative level (p<0.05). The level of 
Tau protein in the two groups on the 7th day after operation 
was higher than that before surgery and 3 days after surgery 
(p<0.05). Notes: a, compared with the propofol group, 
p<0.05; b, compared with the preoperative level, p<0.05; c, 
compared with 3 days after operation, p<0.05.
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was higher in the propofol group than that in the 
sevoflurane group, indicating that propofol was 
more effective than sevoflurane in maintaining 
hemodynamic stability in liver cancer patients 
after anaesthesia induction during hepatectomy. 
However, there are also reports on that 
sevoflurane is superior to propofol in maintaining 
hemodynamic stability in patients undergoing 
surgery14. This may be due to the different 
subjects in our work. For patients undergoing 
cholecystectomy, studies found that liver cancer 
resection has a greater impact on liver function; 
propofol is mainly metabolized by the liver, and 
sevoflurane is excreted via respiration15,16. It is 
possible that the ability of propofol and sevoflurane 
to maintain hemodynamic stability in patients is 
related to the degree of liver function. However, 
in recent years, there have been only a few reports 
on the effect of liver function on the maintenance 
of hemodynamic stability by propofol and 
sevoflurane, so this hypothesis still needs to be 
verified. In this study, the MMSE score table 
was used to assess patients’ cognitive function. 
MMSE is a scale that is commonly used to assess 
cognitive function. It is easy to operate and has 
high efficiency and feasibility. It can reduce the 
effects of the patients’ mood as well as abnormal 
consciousness on the assessment of cognitive 
function17,18. The analysis of the cognitive function 
of patients in the two groups in this study showed 
that it experienced fluctuations in different degrees 
on the 3rd day after surgery, but the decrease 
in the MMSE score was lower in the propofol 
group than in the sevoflurane group. At 7 days 
after surgery, cognitive function in the propofol 
group returned to a similar level before surgery, 
but cognitive function in the sevoflurane group 
was still lower than that before surgery. Based 
on those data, we can speculate that the effect of 
propofol on the postoperative cognitive function 
of patients undergoing liver cancer resection is 
lower than that of sevoflurane. Propofol is the 
most commonly used in intravenous anesthesia. 
By increasing the effect of GABA A receptors, it 
causes abnormal phosphorylation of multiple sites 
of Tau protein in the hippocampus of the brain, 
leading to an increase in its expression level, 
resulting in cognitive dysfunction19,20. Sevoflurane 
is a fluoride-containing anesthetic used in 
inhalation anesthesia. It inhibits the postsynaptic 
transmission of cholinergic neurons by inhibiting 
the action of NMDA receptors, but it also inhibits 
synaptic function for a long time, thus causing 
cognitive dysfunction21,22. To investigate why 

propofol and sevoflurane have different effects 
on the cognitive function of patients undergoing 
hepatocellular carcinoma resection, we analyzed 
the changes in Aβ-42 and Tau protein levels of 
patients in two groups. Aβ-42, the most toxic 
β-amyloid protein, is an important part of 
β-amyloid polymerization that mediates oxidative 
stress injury, inflammatory response, cholinergic 
nerve damage, changes in membrane ion channels 
and neuronal apoptosis23,24. Tau protein is a 
microtubule-associated protein with the highest 
expression level in neurons and a major protein 
component of neurofibrillary tangles, and is an 
important protein for maintaining the integrity 
of neuronal axons25,26. In this study, the results 
showed that the Aβ-42 and Tau protein levels 
increased on the 3rd day after surgery in both 
groups, but the Aβ-42 level in the propofol group 
was significantly lower than that in the sevoflurane 
group. Tau protein level was significantly higher 
in the propofol group than that in the sevoflurane 
group. On the 7th day after surgery, Aβ-42 
levels in both groups decreased, but they were 
still higher than preoperative levels, while Tau 
protein level increased continuously, but in the 
propofol group Aβ-42 levels were significantly 
lower than those in the sevoflurane group, and 
Tau protein levels were significantly higher than 
those in the sevoflurane group. Many studies 
have also reported that postoperative Aβ-42 and 
Tau proteins are elevated in patients with liver 
cancer27, which is consistent with our findings. 
Therefore, we speculate that the stimulation of 
traumatic surgery and anesthesia causes elevated 
Aβ-42 levels, promotes β-amyloid aggregation, 
induces neuronal cell apoptosis and exerts 
neurotoxic effects. This stimulation also leads to 
an elevated level of Tau protein. This may be a 
protective response of the body to injury stimuli 
to inhibit the apoptosis of neurons and protect 
nerve function. Different changes in these two 
protein levels cause different changes in cognitive 
function after liver cancer resection. However, 
due to limited resources, regulation of Aβ-42 and 
Tau levels by propofol and sevoflurane was not 
investigated. In addition, the sample size in this 
work is small. Further studies are still needed to 
further confirm our conclusions.

Conclusions

We found that, compared with sevoflurane 
anesthesia, propofol may improve postoperative Aβ-
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42 and Tau protein levels in patients with hepatocellular 
carcinoma, and ameliorate postoperative cognitive 
function, which is worthy of clinical application.
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