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Abstract: Objective: To investigate the effects of epidural block anesthesia combined with general anesthesia on 
cognitive function and analgesic effect after thoracoscopic surgery. Methods: A randomized controlled study was 
conducted on 82 patients who underwent thoracoscopic surgery in the Affiliated Hospital of Nantong University from 
January 2018 to January 2019. Patients were divided into an observation group (n=41) and a control group (n=41) 
by random number method. The control group received general anesthesia, while the observation group also had 
epidural block anesthesia in addition to general anesthesia. Changes of heart rate (HR), mean arterial pressure 
(MAP) and blood oxygen saturation (SpO2) were compared between the two groups at different anesthesia time 
points. Intraoperative and postoperative indicators of both groups were recorded. Changes of serum interleukin-6 
(IL-6), tumor necrosis factor-α (TNF-α) and high-sensitivity C-reactive protein (hs-CRP) before and after surgery were 
analyzed. At 1 h, 6 h, 24 h and 48 h after surgery, the changes of visual analogue scale (VAS) and mini-mental state 
examination (MMSE) were detected in both groups. At 6 h, 24 h, and 48 h after surgery, the incidence of postopera-
tive cognitive dysfunction (POCD) and the need for analgesia of both groups were recorded and compared. Results: 
The dosages of propofol and remifentanil in the observation group were significantly lower than those in the control 
group (P<0.05). VAS and MMSE scores of the observation group were significantly better than those of the control 
group at 1 h, 6 h, 24 h and 48 h after surgery (P<0.05). Compared with the control group, the incidences of POCD 
in the observation group were significantly lower at 6 h, 24 h and 48 h after surgery, and the analgesia rates in the 
observation group were also significantly lower at 6 h-24 h and 24 h-48 h after surgery (P<0.05). There were no 
significant differences in IL-6, TNF-α and hs-CRP between the two groups before surgery (P>0.05); IL-6, TNF-α and 
hs-CRP levels in both groups were increased after surgery, and the levels in control group were significantly higher 
compared with observation group (P<0.05). Conclusion: The application of epidural block anesthesia combined 
with general anesthesia results in stable hemodynamics, improved analgesic effect, better incidence of POCD, and 
less inflammatory response, which is of high clinical value in thoracoscopic surgery.
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Introduction

Thoracic surgery is characterized by great trau-
ma and severe postoperative pain. With the 
development of medical technology in recent 
years, thoracoscopic surgery has been widely 
used in thoracic surgery, which is easily ac- 
cepted by most patients due to its characte- 
ristics of having less damage to the intratho-
racic tissue, less bleeding and quick postop- 
erative recovery [1-4]. However, surgical stimu-
lation can still cause postoperative pain and 
affect intraoperative hemodynamics, thus in- 

terfering with the endocrine and circulatory  
systems, inducing postoperative cognitive dys-
function (POCD), reducing postoperative men-
tal state and cognitive function, and seriously 
affecting postoperative quality of life of pati- 
ents [5, 6]. Therefore, it is of great significance 
to explore appropriate anesthesia and intraop-
erative analgesia for the prognosis and postop-
erative health of patients.

At present, surgical anesthesia requires com-
plete analgesia during surgery with enough de- 
pth of anesthesia, and postoperative patients 
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Exclusion criteria: (1) Patients with previous 
history of thoracic surgery; (2) Those who were 
allergic to the anesthetic drugs used in this 
study; (3) Patients combined with organ dys-
function such as heart, liver and kidney; (4) 
Patients with systemic metabolic diseases; (5) 
Patients in pregnancy or lactation; (6) Patients 
combined other diseases that may affect the 
experimental results.

Anesthesia methods

All subjects were routinely monitored for vital 
signs such as electrocardiogram, blood gas 
indexes, and blood pressure after entering  
the operating room. Before surgery, 10 mL/kg 
of Sodium Acetate Ringer’s Injection (Hunan 
Kangyuan Pharmaceutical Co., Ltd., China)  
was injected, and during surgery, 6 mL/kg of 
Compound Sodium Chloride Injection (Huiyinbi 
Group Jiangxi East Asia Pharmaceutical Co., 
Ltd., China) was injected.

The observation group received combined an- 
esthesia. After 8 h of fasting before surgery, 
atropine (Zhejiang Ruixin Pharmaceutical Co., 
Ltd., China) and phenobarbital (Suicheng Ph- 
armaceutical Co., Ltd., China) were injected 30 
min before anesthesia, intravertebral anesthe-
sia was adopted, and 3 mL of 2% lidocaine 
(Shandong Hualu Pharmaceutical Co., Ltd., 
China) was injected after catheter placement. 
The patients were maintained by inducing  
general anesthesia with 0.12 mL/kg of 0.75% 
ropivacaine (Jiangsu Hengrui Pharmaceutical 
Co., Ltd., China) and propofol (Fresenius Kabi 
AB, Austria) after confirmation of no signs of 
total spinal sensation for 15 min, and the an- 
esthesia platform was controlled below T6. 
Then, 0.2 mg/kg of midazolam (Yichang Renfu 
Pharmaceutical Co., Ltd., China), 1 μg/kg of 
remifentanil (Yichang Renfu Pharmaceutical 
Co., Ltd., China), and 0.1 mg/kg of vecuronium 
(Zhejiang Xianju Pharmaceutical Co., Ltd., 
China) were intravenously injected, and endo-
tracheal intubation was performed after good 
anesthesia results were obtained. During the 
surgery, remifentanil (0.1 μg/kg·min) and ve- 
curonium (0.1 μg/kg·min) were injected intra- 
venously, and a concentration of 2% sevoflu-
rane (Shanghai Hengrui Pharmaceutical Co., 
Ltd., China) was inhaled to maintain anesthe-
sia. The dosage and rate of sevoflurane were 
adjusted according to the vital signs of pati- 
ents during the surgery, and all anesthetic 

need to wake up as early as possible to reduce 
the occurrence of complications. General an- 
esthesia is safe, comfortable and can provide 
good skeletal muscle relaxation, and as such it 
has become a common anesthesia method for 
thoracoscopic surgery [7, 8]. However, general 
anesthesia is still unable to completely inhibit 
the stress response caused by thoracoscopic 
surgery, and the inflammatory response gener-
ated by the intraoperative wound will also lead 
to increased sensitivity of peripheral and cen-
tral nerve pain, further aggravate the intraop-
erative pain, and affect the prognosis of pa- 
tients [9]. The main action of epidural block is 
to block the epidural of thoracic segment, 
thereby inhibiting the reflex arc of the spinal 
cord response, reducing the nociceptive stimu-
lus into the brain, and thus reducing the stress 
response and stabilizing the hemodynamics of 
the body [10]. Previous studies have explored 
the effect of epidural block anesthesia com-
bined with general anesthesia (combined an- 
esthesia) on patients, but there is no consis-
tent conclusion yet. Therefore, this study in- 
vestigated the effects of combined anesthe- 
sia on cognitive function and analgesic effect 
after thoracoscopic surgery, aiming to provide 
relevant basis for the selection of appropriate 
anesthesia methods in clinical practice.

Materials and methods

General information

From January 2018 to January 2019, 82 pa- 
tients admitted to the Affiliated Hospital of 
Nantong University who underwent thoraco-
scopic surgery were selected as study sub- 
jects. According to a random number method, 
the patients were divided into the observation 
group (n=41) and control group (n=41). The 
control group received general anesthesia, 
while the observation group were additionally 
given epidural block anesthesia. This study  
was approved by the Ethics Committee of the 
Affiliated Hospital of Nantong University. All 
subjects signed the informed consent.

Inclusion and exclusion criteria

Inclusion criteria: (1) Patients were aged bet- 
ween 25-80 years; (2) Patients underwent  
thoracoscopic surgery; (3) Those who with 
American Society of Anesthesiologists (ASA) 
grade I-II [11]; (4) Patients who were able to  
tolerate surgery.
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rate the serum. Interleukin-6 (IL-6), tumor ne- 
crosis factor-α (TNF-α) and high-sensitivity C- 
reactive protein (hs-CRP) levels were detected 
by enzyme-linked fluorescence assay (Spectra-
Max Paradigm multifunctional microplate read-
er, Molecular Devices Company, USA).

Statistical analysis

SPSS 22.0 was used for statistical analysis. 
The enumeration data were represented by 
case (n) or percentage (%), and the measure-
ment data conforming to normal distribution 
were expressed as mean ± standard deviation 
(
_
x  ± sd). One-way analysis of variance was us- 

ed to compare the indicators among the mea-
surement data groups, t test was used for com-
parison between two groups, and chi-square 
test was used to compare the enumeration 
data. The difference was statistically signifi- 
cant when P<0.05.

Results

Comparison of general information

There was no significant difference in general 
information such as age and gender between 
the two groups (P>0.05). See Table 1.

Changes of MAP, HR and SpO2 at different 
time points

There was no significant difference in the HR 
change trend at T0-T5 in the observation gr- 
oup (P>0.05), while there were significant dif-
ferences in MAP and SpO2 levels at each time 
point (P<0.05). There were significant differ-
ences in HR, MAP and SpO2 levels at each  
time point in the control group (P<0.05). At T0 
and T5, there were no significant differences  
in HR, MAP and SpO2 between the two groups 
(P>0.05); at T1, there was no significant differ-
ence in HR (P>0.05), while there was signifi- 
cant difference between MAP and SpO2 (P< 
0.05). There were significant differences at 
T2-T4 between the two groups (P<0.05). See 
Table 2; Figure 1.

Comparison of intraoperative and postopera-
tive indicators

There were no significant differences between 
the two groups in terms of operation time, an- 
esthesia time, fluid replacement volume, spon-

drugs were stopped 10 min before the end of 
the surgery.

The control group received general anesthesia 
in the same way as observation group.

Outcome measures

General information such as age, gender,  
history of hypertension, history of diabetes, 
smoking history, body mass index, type of sur-
gery, operation side and number of incisions 
were collected and compared between the two 
groups.

According to anesthesia nodes and surgical 
characteristics, the observation time nodes 
were selected as before anesthesia (T0), 5  
min after intubation (T1), skin incision (T2), tis-
sue excision (T3), extubation 5 min after the 
end of surgery (T4), and 36 h after surgery  
(T5). At T0-T5, heart rate (HR), mean arterial 
pressure (MAP), and blood oxygen saturation 
(SpO2) changes were compared between the 
two groups.

The operation time, anesthesia time, remifent-
anil dosage, propofol dosage, fluid replace- 
ment volume, spontaneous breathing time, 
awakening time, and extubation time were 
recorded and compared between the two 
groups.

At 1 h, 6 h, 24 h and 48 h after surgery, the 
visual analogue scale (VAS) of pain scores  
were compared between the two groups: the 
score range was 0-10, 0 was painless, 10 was 
severe pain [12].

At 1 h, 6 h, 24 h and 48 h after surgery, the 
patients were investigated with mini-mental 
state examination (MMSE): including memory, 
recall ability, orientation, language ability, at- 
tention and calculation ability, with a total  
score of 30; the lower the score, the more  
serious the mental state disorder, and a score 
of ≥27 was normal [13]. The Z-score method 
was used to record the POCD in the two gr- 
oups at 6 h, 24 h, and 48 h after surgery, and 
the incidence of POCD was calculated. Inci- 
dence = number of patients with POCD/total 
number of patients in the group * 100% [14].

A total of 5 mL of fasting venous blood was 
extracted 24 h before and after surgery, and 
centrifuged at 3,000 r/min for 5 min to sepa-
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Table 2. Changes of MAP, HR and SpO2 at different time points (
_
x  ± sd)

Observation group (n=41) Control group (n=41)
MAP (mmHg) HR (T/min) SpO2 (%) MAP (mmHg) HR (T/min) SpO2 (%)

T0 82.44±8.71 87.44±23.36 97.22±0.56 82.59±8.84 87.32±22.67 97.18±0.49
T1 84.21±8.45 87.53±23.14 96.54±0.63 86.43±8.22* 87.98±23.45 97.63±0.47*

T2 86.32±8.74 88.58±24.45 97.36±0.45 95.32±9.47* 94.27±24.48* 86.34±1.17*

T3 88.97±8.86 88.75±27.68 94.12±1.17 97.66±10.21* 98.69±23.12* 83.11±0.68*

T4 88.21±7.43 87.94±24.56 95.68±0.86 98.21±8.76* 97.44±25.19* 88.79±0.73*

T5 83.21±7.86 87.31±25.56 97.06±0.57 84.58±7.94 87.89±16.01 96.64±0.61
F 4.262 0.025 113.746 25.408 2.135 3085.927
P 0.001 >0.999 <0.001 <0.001 0.006 <0.001
Note: Compared with observation group at the same time point, *P<0.05. T0: before anesthesia; T1: 5 min after intubation; 
T2: skin incision; T3: tissue excision; T4: extubation 5 min after the end of surgery; T5: 36 h after surgery. MAP: mean arterial 
pressure; HR: heart rate; SpO2: blood oxygen saturation.

Table 1. Comparison of general information (n, %)
Indicator Observation group (n=41) Control group (n=41) t/χ2 P
Age (year) 56.7±5.4 56.3±5.7 0.326 0.745
Gender 0.205 0.651
    Male (n) 24 26
    Female (n) 17 15
History of hypertension 0.105 0.746
    Yes (n) 6 5
    No (n) 35 36
History of diabetes 0.213 0.644
    Yes (n) 2 3
    No (n) 39 38
Smoking history 0.074 0.785
    Yes (n) 9 8
    No (n) 32 33
BMI (kg/m2) 23.31±2.43 23.29±2.51 0.037 0.971
Type of surgery 0.528 0.971
    Pulmonary lobectomy (n) 29 30
    Pulmonary lobectomy + wedge resection (n) 5 4
    Segmentectomy of lung (n) 2 3
    Wedge resection (n) 3 2
    Others (n) 2 2
Operation side 0.049 0.825
    Left (n) 21 20
    Right (n) 20 21
Number of operation holes 0.196 0.907
    3 (n) 10 9
    4 (n) 28 28
    5 (n) 3 4
Note: BMI: body mass index.

taneous breathing recovery time, awakening 
time and extubation time (P>0.05), while the 

dosages of remifentanil and propofol in the 
observation group were significantly lower  
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Table 3. Comparison of intraoperative and postoperative indicators (
_
x  ± sd)

Indicator Observation group (n=41) Control group (n=41) t P
Operation time (min) 161.45±44.78 165.47±46.58 0.398 0.691
Anesthesia time (min) 196.23±22.42 201.56±19.86 1.139 0.258
Dosage of remifentanil (μg) 1375.69±44.58 1405.38±35.62 3.332 0.001
Dosage of propofol (mg) 809.46±29.73 854.92±25.41 7.443 <0.001
Fluid replacement volume (mL) 2571.49±155.79 2592.31±167.32 0.583 0.561
Spontaneous breathing recovery time (min) 5.22±1.31 5.13±1.37 0.304 0.762
Awakening time (min) 6.92±1.47 7.11±1.73 0.536 0.594
Extubation time (min) 8.38±2.05 8.62±2.31 0.498 0.620

Figure 1. Changes of MAP, HR and SpO2 at different 
time points. A: Change of MAP at different time points; 
B: Change of HR at different time points; C: Change of 
SpO2 indicator at different time points. Compared with 
observation group at the same time point, *P<0.05. 
T0: before anesthesia; T1: 5 min after intubation; T2: 
skin incision; T3: tissue excision; T4: extubation 5 min 
after the end of surgery; T5: 36 h after surgery. MAP: 
mean arterial pressure; HR: heart rate; SpO2: blood 
oxygen saturation.

compared with control group (P<0.05). See 
Table 3.

Comparison of IL-6, TNF-α and hs-CRP levels 
before and after surgery

There were no significant differences in IL-6, 
TNF-α, and hs-CRP levels between the two gr- 
oups before surgery (P>0.05). IL-6, TNF-α and 
hs-CRP levels in both groups were significant- 
ly increased after surgery than before surgery 
(P<0.05), and the levels in control group were 
significantly higher compared with observation 
group (P<0.001). See Table 4.

Comparison of MMSE and VAS scores after 
surgery

MMSE scores of observation group were signi- 
ficantly higher than those of control group at 1 
h, 6 h, 24 h and 48 h after surgery (P<0.05), 
while VAS scores of the observation group we- 

re significantly lower than those of the control 
group (P<0.001). See Table 5.

Comparison of postoperative analgesia rate

There was no significant difference in the anal-
gesia rate between the two groups at 0 h-6 h 
after surgery (P>0.05). The analgesia rates of 
control group were significantly higher than th- 
ose of the observation group at 6 h-24 h and  
24 h-48 h after surgery (P<0.05). See Table 6.

Comparison of the incidence of POCD

The incidences of POCD in the control group 
were significantly higher than those in the ob- 
servation group at 6 h, 24 h, and 48 h after 
surgery (P<0.05). See Table 7.

Discussion

The ideal anesthesia effect can not only en- 
sure a smooth operation, but also regulate the 
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Table 4. Comparison of IL-6, TNF-α and hs-CRP levels before and after surgery (
_
x  ± sd)

Group
IL-6 (pg/mL) TNF-α (pg/mL) hs-CRP (mg/L)

Before surgery After surgery Before surgery After surgery Before surgery After surgery
Observation group (n=41) 103.44±13.31 122.48±15.43* 67.43±9.94 86.45±10.23* 2.03±0.41 2.52±0.44*

Control group (n=41) 105.21±14.43 141.76±14.32* 68.51±10.09 98.73±10.21* 2.07±0.39 2.96±0.47*

t 0.577 5.864 0.488 5.446 0.453 4.376
P 0.565 <0.001 0.627 <0.001 0.652 <0.001
Note: Compared with the same group before surgery, *P<0.05. IL-6: interleukin-6; TNF-α: tumor necrosis factor-α; hs-CRP: high-sensitivity C-
reactive protein.

Table 5. Comparison of MMSE and VAS scores after surgery  
(
_
x  ± sd, score)

Indicator Observation 
group (n=41)

Control 
group (n=41) t P

MMSE
    At 1 h after surgery 23.06±0.86 22.13±0.71 5.34 <0.001
    At 6 h after surgery 23.44±0.91 22.01±0.87 7.2733 <0.001
    At 24 h after surgery 25.98±1.16 24.65±1.09 5.513 <0.001
    At 48 h after surgery 28.56±1.33 27.35±1.27 4.328 <0.001
VAS
    At 1 h after surgery 1.31±0.33 2.05±0.32 10.38 <0.001
    At 6 h after surgery 1.33±0.27 1.96±0.24 11.167 <0.001
    At 24 h after surgery 1.44±0.37 2.11±0.25 9.607 <0.001
    At 48 h after surgery 0.95±0.21 1.81±0.32 14.387 <0.001
Note: MMSE: mini-mental state examination; VAS: visual analogue scale.

Table 6. Comparison of postoperative analgesia rate (n, %)

Group At 0 h-6 h 
after surgery

At 6 h-24 
after surgery

At 24 h-48 
after surgery

Observation group (n=41) 1 (2.44) 1 (2.44) 2 (4.88)
Control group (n=41) 2 (4.88) 8 (19.51) 8 (19.51)
χ2 0.346 6.116 4.11
P 0.556 0.013 0.043

Table 7. Comparison of the incidence of POCD

Group At 6 h after 
surgery

At 24 h after 
surgery

At 48 h after 
surgery

Observation group (n=41) 10 (24.39) 4 (9.76) 1 (2.44)
Control group (n=41) 20 (48.78) 11 (26.83) 6 (14.63)
χ2 5.256 3.998 3.905
P 0.022 0.046 0.048
Note: POCD: postoperative cognitive dysfunction.

stress response of the body, maintain normal 
function of important organs, and reduce ne- 
gative effects of surgery and anesthesia. In 
recent years, with the development of medi- 
cal technology, the stress response in periop-
erative period has been regulated clinically by 

tion, so as to achieve anesthetic effect [17]. 
Epidural block anesthesia can significantly im- 
prove patients’ hemodynamics and improve  
the quality of patients’ awakening [18]. Gard- 
ner et al. reported that combined anesthesia 
could significantly reduce the dosage of anes-

selecting appropriate anesthesia 
methods, improving anesthesia 
skills, and regulating dosage of 
anesthetic drugs. General anes-
thesia refers to the temporary 
suppression of patients’ central 
nervous system by means of 
intramuscular injection, intrave-
nous injection or inhalation of 
anesthetic drugs, so as to relax 
skeletal muscle, inhibit reflex and 
avoid pain in patients, and after 
drug metabolism is excreted out 
of the body, the body can recover 
consciousness. However, general 
anesthesia often fails to block  
the impact of the nociceptive 
stimulus brought by the surgical 
site on the process of sympa- 
thetic nerves transmitting infor-
mation, so it is difficult to avoid 
the stress response caused by 
surgical injury, while the stress 
response can promote the over-
expression of adrenaline and ad- 
renergic catecholamines, and th- 
en increase the excitability of 
thalamus-pituitary-adrenocortical 
axis, leading to the abnormality  
of hemodynamics [15, 16]. Epi- 
dural block anesthesia refers to 
injecting local anesthetic drugs 
into the epidural space to block 
spinal nerve roots, block pain 
afferent signals at the level of  
spinal cord, paralyze the region it 
innervates, and inhibit the reflex 
arc of spinal cord to brain excita-
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group. Compared with general anesthesia al- 
one, patients with combined anesthesia had 
less inflammatory response, thus indirectly av- 
oiding the occurrence of POCD.

This study still has the following deficiencies: 
the sample size and case data are limited,  
and the sample is from a single research cen-
ter, so the conclusions are still limited, and 
need to be further confirmed by subsequent 
multi-center and larger sample size studies.

In conclusion, the application of combined 
anesthesia results in stable hemodynamics, 
improves the analgesic effect, improves the 
occurrence of POCD, and weakens the inflam-
matory response, which are all of high clinical 
value in thoracoscopic surgery.
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