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Objective: To analyze the association between end-tidal sevoflurane

concentration and postoperative cognitive dysfunction (POCD) and pain

sensitivity in elderly patients under general anesthesia.

Methods: A total of 121 elderly patients undergoing abdominal surgery were

enrolled and divided into a low-concentration group (0.8–1.2 MAC, n = 61)

and a high-concentration group (1.5–2.0 MAC, n = 60). End-tidal sevoflurane

concentration, recovery parameters, Mini-Mental State Examination (MMSE)

scores, POCD incidence, pain sensitivity (PSQ score, mechanical hypersensitivity

areas and thresholds), and serum levels of neurological markers (NSE, ApoJ,

NGF) and pain mediators (PGE2, 5-HT) were compared between groups.

Pearson correlation and multivariate logistic regression were used to assess

associations and influencing factors for POCD.

Results: The high-concentration group had longer recovery times but a

lower incidence of POCD (10.00% vs. 24.59%) and higher MMSE scores on

postoperative days 1 and 3 (P < 0.05). Pain sensitivity measures were reduced in

the high-concentration group on postoperative day 1, with lower PSQ scores,

smaller mechanical hypersensitivity areas, and higher mechanical thresholds

(P < 0.05). Compared to the low-concentration group, the high-concentration

group exhibited significantly lower postoperative levels of NSE, ApoJ, PGE2, and

5-HT, and higher NGF levels (P < 0.05). End-tidal sevoflurane concentration

positively correlated with MMSE scores, mechanical thresholds, and NGF levels,

and negatively correlated with pain sensitivity measures, NSE, ApoJ, PGE2, and

5-HT (P < 0.05). Multivariate analysis identified age and preoperative elevations

of NSE, ApoJ, PGE2, and 5-HT as risk factors for POCD, while higher sevoflurane

concentration and preoperative NGF levels were protective factors (P < 0.05).

Conclusion: Higher end-tidal sevoflurane concentration is associated with

improved postoperative cognitive function and reduced pain sensitivity in elderly
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patients, likely mediated by the modulation of neurological and pain-related 

biomarkers, serving as a protective factor against POCD. 

KEYWORDS 

cognitive function, elderly, general anesthesia, pain sensitivity, sevoflurane 
concentration 

1 Introduction 

General anesthesia is a common anesthetic protocol for 
abdominal surgery, rendering patients pain-free and providing 
optimal conditions for surgical procedures. However, due to 
diminished organ compensatory capacity, reduced physiological 
reserve, and decreased tolerance in elderly patients, combined 
with the eects of anesthetic agents themselves, surgical trauma, 
and stress response, they are prone to a series of postoperative 
complications, among which Postoperative Cognitive Dysfunction 
(POCD) is the most prevalent (Kitthanyateerakul et al., 2024; 
Viderman et al., 2023). The occurrence of POCD not only prolongs 
the patient’s recovery process and increases medical costs but 
also reduces their postoperative quality of life, adversely aects 
prognosis, and imposes a substantial burden on families and 
society (Suraarunsumrit et al., 2024). Sevoflurane is a modern 
inhalational anesthetic agent. It produces sedative, hypnotic, and 
muscle relaxant eects by interfering with signal transduction at 
the neuromuscular junction, inhibiting the central nervous system 
and excitatory transmission between nerve cells, thereby reducing 
the brain’s responsiveness to external stimuli (Xu et al., 2013; Zhu 
et al., 2023). Owing to its advantages such as rapid induction, fast 
metabolism, and smooth emergence, sevoflurane is widely used for 
anesthetic maintenance in elderly patients. 

As a significant stressor, postoperative pain can activate 
the hypothalamic-pituitary-adrenal axis, thereby triggering a rise 
in cortisol that promotes neuronal atrophy and apoptosis— 
processes that ultimately impair cognitive function (Cao et al., 
2023). Pain sensitivity reflects an individual’s tolerance and 
response to noxious stimuli and serves as a crucial indicator 
for assessing anesthetic quality and postoperative outcomes. 
Studies have confirmed that the perioperative use of agents 
such as sevoflurane may alter postoperative pain sensitivity 
by influencing central sensitization processes. Furthermore, 
changes in pain sensitivity can subsequently impact cognitive 
function via neuroendocrine stress responses (Zeng et al., 
2023). Currently, clinical research quantitatively elucidating the 
relationship between sevoflurane inhalation concentration and 
cognitive function and pain sensitivity, particularly in high-risk 
populations like elderly patients undergoing abdominal surgery, 
remains insuÿcient (Laferrière-Langlois et al., 2024). Some studies 
support the conclusion that sevoflurane inhalation may cause 
potential damage to the central nervous system through various 
mechanisms, including inducing neuroinflammation, modulating 
neurotransmitters, and promoting ββ-amyloid protein deposition 
(Yang et al., 2024). Conversely, other research indicates that 
sevoflurane helps maintain cerebral oxygen balance during 
cardiopulmonary bypass and ameliorates cognitive impairment 

in a dose-dependent manner (Hu et al., 2014). Therefore, 
this study aims to analyze the relationship between end-
tidal sevoflurane concentration during general anesthesia and 
postoperative cognitive function and pain sensitivity in elderly 
patients, with the goal of informing the optimization of sevoflurane 
anesthesia protocols for this population and reducing the risk of 
POCD. 

2 Materials and methods 

2.1 General data 

A cohort consisting of 121 elderly patients was included in this 
study, all of whom underwent abdominal surgery between February 
2023 and January 2025. According to the end-tidal sevoflurane 
concentration maintained during general anesthesia, they were 
allocated into a low-concentration group (0.8–1.2 MAC, n = 61) 
and a high-concentration group (1.5–2.0 MAC, n = 60). The low-
concentration group comprised 32 males and 29 females, aged 60– 
84 years with a mean age of 70.15 ± 5.18 years. Their BMI ranged 
from 19.25 to 27.45 kg/m2 , with a mean of 23.48 ± 2.48 kg/m2 . 
According to the ASA physical status classification (Apfelbaum and 
Connis, 2019), 17 patients were grade I and 44 were grade II. Types 
of surgery included: 25 gastric surgeries, 21 colorectal surgeries, and 
15 hepatobiliary surgeries. Comorbidities included hypertension 
in 27 patients and diabetes mellitus in 24 patients. The high-
concentration group included 30 males and 30 females, aged 62–85 
years with a mean age of 71.13 ± 4.89 years. Their BMI ranged from 
19.10 to 27.89 kg/m2 , with a mean of 23.24 ± 2.52 kg/m2 . ASA 
classification included 15 grade I and 45 grade II patients. Types of 
surgery included: 23 gastric surgeries, 23 colorectal surgeries, and 
14 hepatobiliary surgeries. Comorbidities included hypertension 
in 30 patients and diabetes mellitus in 24 patients. Comparability 
was confirmed between the groups, with no statistically significant 
disparities observed in any of the baseline characteristics (P > 0.05). 

2.2 Eligibility criteria 

(1) Inclusion criteria:  Age 60–85 years;  ASA physical 
status classification of I or II;  Patients or their family 
members voluntarily provided written informed consent; 

Normal preoperative pain sensation and cognitive function, clear 
consciousness. (2) Exclusion criteria:  Allergy to sevoflurane 
or other medications used in the study;  Severe hepatic or 
renal insuÿciency;  Patients undergoing emergency or secondary 
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surgery;  History of chronic alcohol abuse or substance abuse; 
 Preoperative comorbid psychiatric disorders or POCD; 

Severe visual or auditory impairment preventing cooperation with 
relevant assessments;  History of long-term alcohol use;  Long-
term use of medications aecting neuropsychiatric function, such 
as anxiolytics, hypnotics, narcotic analgesics, antidepressants, etc.; 
 History of previous abdominal surgery. (3) Elimination criteria: 
 Development of severe postoperative complications, such as 
multiple organ failure or major hemorrhage, aecting cognitive 
function assessment;  Intraoperative conversion to a dierent 
anesthetic regimen;  Requiring reoperation postoperatively; 

Intraoperative BIS values persistently failed to reach the target 
range despite adjustment. 

2.3 Anesthetic technique 

Following their arrival in the operating suite, an IV line 
was placed in a patient’s arm to administer fluids. Routine 
monitoring of vital signs, including peripheral SpO2, ECG, 
and MAP, was initiated. Anesthesia Induction: Intravenous 
administration of midazolam (0.03 mg/kg), sufentanil (0.3–0.5 
µg/kg), propofol (1.5–2.0 mg/kg), and cisatracurium (0.15– 
0.20 mg/kg). Following successful induction of anesthesia, 
endotracheal intubation was performed. Ventilatory support 
was commenced using an anesthesia machine, with the initial 
parameters set as outlined: Respiratory rate set at 12–16 
breaths/min, tidal volume at 8 mL/kg, fresh gas flow at 2 L/min, 
and inspired oxygen concentration (FiO2) at 1.0. End-tidal carbon 
dioxide partial pressure (PetCO2) was maintained between 35 
and 45 mmHg. Anesthesia Maintenance: The low-concentration 
group received inhaled sevoflurane at 0.8–1.2 minimum alveolar 
concentration (MAC), while the high-concentration group received 
1.5–2.0 MAC sevoflurane. Concurrently, both groups received a 
continuous infusion of remifentanil at 0.1–0.2 µg/(kg·min) to 
maintain a Bispectral Index (BIS) value between 40 and 60. 
BIS monitoring was performed using a Philips MP50 monitor. 
Calibration was strictly completed according to the device 
manual prior to surgery, and data recording and interpretation 
were managed by an anesthesiologist with specialized training. 
Adjustment of anesthesia depth was based on a comprehensive 
assessment combining BIS (target 40–60), MAP fluctuations 
(changes not exceeding ± 20% of baseline), and heart rate 
changes to ensure adequate sedation depth. If a patient in the 
low-concentration group, after receiving the maximum dose of 
sevoflurane (1.2 MAC) and having remifentanil adjusted to its 
maximum rate [0.2 µg/(kg·min)], still exhibited a BIS value > 60 
for more than 5 min (after excluding equipment malfunction), they 
were considered to have insuÿcient sedation and were excluded 
from the group. If the BIS value was < 40, the sevoflurane 
concentration and/or remifentanil infusion rate were reduced 
until BIS returned to the target range. Intraoperative muscle 
relaxation was maintained with intermittent intravenous boluses of 
cisatracurium (0.03 mg/kg). The muscle relaxant was discontinued 
30 min before the anticipated end of surgery, remifentanil was 
stopped 10 min preoperatively, and sevoflurane inhalation was 
terminated at the conclusion of the surgery. Postoperative pain was 
managed with a Patient-Controlled Intravenous Analgesia (PCIA) 

regimen containing sufentanil (1.5 µg/kg) and tropisetron (10 mg), 
constituted in 100 mL of normal saline. The pump was configured 
with the following settings: A basal rate of 2 mL/h; 0.5 mL bolus 
doses; and a lockout period of 15 min. 

2.4 Observation indicators 

(1) Quality of postoperative recovery. The following parameters 
were recorded: end-tidal sevoflurane concentration, emergence 
time, time to orientation recovery, spontaneous breathing recovery 
time, extubation time, and the total dosage of remifentanil 
were recorded. (2) Cognitive function. Cognitive function was 
evaluated preoperatively on day 1 and postoperatively on days 1, 
3, and 7 using the MMSE (Li et al., 2016). This scale evaluates 
language ability, recall, orientation, attention, and calculation skills, 
with a maximum score of 30; cognitive function is positively 
correlated with the score. Postoperative Cognitive Dysfunction 
(POCD) was defined as a decrease in the MMSE score of ≥ 2 
points from the preoperative value. (3) Pain Sensitivity. On 
postoperative day 1, pain sensitivity was evaluated using the 
Pain Sensitivity Questionnaire (PSQ) (Quan et al., 2018). This 
questionnaire comprises 17 items, each scored from 0 to 10; the 
total PSQ score is the average of all item scores. Additionally, 
the medial arm mechanical hypersensitivity area (on the medial 
aspect of the dominant forearm) and the incisional mechanical 
hypersensitivity area (within a 5 cm radius of the incision) as well 
as their corresponding mechanical hypersensitivity thresholds were 
measured on postoperative day 1 using a Von Frey algesimeter 
manufactured by North Coast Medical, Inc., United States. (4) 
Neurological Damage Markers and Pain Mediators. Following an 
overnight fast, 5 mL of venous blood was collected from each 
patient at two time points: the mornings of the day before and 
the day after the operation. After centrifugation (centrifugal radius: 
6 cm; speed: 3,000 rpm) for 10 min, the supernatant was collected. 
Serum levels of Nerve Growth Factor (NGF), Neuron-Specific 
Enolase (NSE), Apolipoprotein J (ApoJ), 5-Hydroxytryptamine 
(5-HT), and Prostaglandin E2 (PGE2) were measured using 
enzyme-linked immunosorbent assay (ELISA). All procedures were 
strictly performed according to the manufacturer’s instructions. 
(5) Analysis of Factors Influencing POCD. Clinical data (age, 
gender, BMI, history of hypertension, history of diabetes, ASA 
classification), surgery-related data (sevoflurane concentration, 
type of surgery, duration of anesthesia), and laboratory indicators 
(baseline serum levels of NSE, ApoJ, NGF, PGE2, and 5-HT) 
were compared between the POCD and non-POCD groups. 
A multivariate logistic regression model was utilized to examine 
the factors associated with POCD occurrence in elderly patients 
post-general anesthesia. 

2.5 Statistical methods 

Statistical analysis was performed using SPSS software 
(version 25.0). Measurement data were tested for normality. 
Normally distributed measurement data are presented as the 
mean ± standard deviation (χ ± s) and were compared using 
the independent samples t-test. Categorical data are expressed 
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as number (percentage) [n (%)] and were compared using the 
chi-square (χ2) test. Pearson correlation analysis was conducted 
to examine the relationship between end-tidal sevoflurane 
concentration and various indicators. A multivariate logistic 
regression model was established to identify factors influencing the 
occurrence of POCD in elderly patients after general anesthesia. 
Statistical significance was established using a criterion of P < 0.05. 

3 Results 

3.1 Comparison of end-expiratory 
sevoflurane concentrations, 
postoperative recovery quality, and pain 
sensitivity between the two groups 

Two patients in the low-concentration group exhibited 
transient BIS > 60 (duration < 5 min), which normalized after 
adjustment, and they were not excluded; no patients experienced 
persistent under- or over-sedation. The high-concentration 
group exhibited longer emergence time, time to orientation 
recovery, spontaneous breathing recovery time, and extubation 
time compared to the low-concentration group. The end-tidal 
sevoflurane concentration was higher in the high-concentration 
group (P < 0.05). On postoperative day 1, the PSQ score and 
the medial arm and incisional mechanical hypersensitivity areas 
in the high-concentration group were significantly lower than 
those in the low-concentration group, while the medial arm and 
incisional mechanical hypersensitivity thresholds were significantly 
higher (P < 0.05). There was no statistically significant dierence 
in total remifentanil dosage between the two groups (P > 0.05) 
(see Table 1). 

3.2 Comparison of MMSE scores at 
different time points and POCD 
incidence between the two groups 

The incidence of POCD in the high-concentration group was 
10.00% (6/60), which was significantly lower than the 24.59% 
(15/61) observed in the low-concentration group (χ2 = 4.489, 
P = 0.034). Although MMSE scores were comparable between the 
two groups preoperatively and on postoperative day 7 (P > 0.05), 
the high-concentration group demonstrated significantly superior 
cognitive performance, as indicated by higher MMSE scores, on 
both postoperative days 1 and 3 (P < 0.05) (see Figure 1). 

3.3 Comparison of neurotoxic factors 
and pain mediators before and after 
surgery between two groups 

Compared with their respective preoperative day 1 levels, 
serum NSE, ApoJ, PGE2, and 5-HT levels increased, while 
NGF levels decreased on postoperative day 1 in both groups 
(P < 0.05). Compared with the low-concentration group, the T
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FIGURE 1 

Serial MMSE scores: a comparison between the two groups. ***p < 0.001. 

high-concentration group exhibited significantly reduced serum 
NSE ApoJ, PGE2, and 5-HT levels on postoperative day 1, while 
displaying a marked elevation in NGF levels (P < 0.05) (see 
Table 2). 

3.4 Correlation between end-tidal 
sevoflurane concentration and MMSE 
score, pain sensitivity, neurological 
damage markers, and pain mediators on 
postoperative day 1 

Pearson correlation analysis revealed that the end-tidal 
sevoflurane concentration was positively correlated with the 
MMSE score, medial arm mechanical hypersensitivity threshold, 
incisional mechanical hypersensitivity threshold, and NGF levels 
on postoperative day 1 (r > 0, P < 0.05). It was negatively correlated 
with the PSQ score, medial arm mechanical hypersensitivity area, 
incisional mechanical hypersensitivity area, and serum levels of 
NSE, ApoJ, PGE2, and 5-HT (r < 0, P < 0.05) (see Figures 2, 3). 

3.5 Univariate and multivariate analysis of 
factors influencing postoperative POCD 
in elderly patients under general 
anesthesia 

The POCD group had a significantly higher age and higher 
preoperative day 1 levels of NSE, ApoJ, PGE2, and 5-HT, while 
the proportion receiving high sevoflurane concentration and 

preoperative day 1 NGF levels were significantly lower compared to 
the non-POCD group (P < 0.05). Using the occurrence of POCD 
(Yes = 1, No = 0) as the dependent variable and the indicators 
showing statistical significance in Table 4 as independent variables 
(Sevoflurane concentration: High = 0, Low = 1; all other indicators 
were continuous variables entered as their original values), a 
multivariate logistic regression model was established. The analysis 
revealed that increased age and elevated preoperative day 1 levels 
of NSE, ApoJ, PGE2, and 5-HT were independent risk factors for 
POCD occurrence (OR > 1, P < 0.05). In contrast, high sevoflurane 
concentration and elevated preoperative day 1 NGF levels were 
identified as protective factors (OR < 1, P < 0.05) (see Tables 3, 4). 

4 Discussion 

POCD primarily manifests as decline in central nervous 
system functions such as attention, executive function, and 
memory. Its pathogenesis remains incompletely understood but 
is considered to be primarily associated with factors such as 
localized hypoxia, surgical trauma, pain, and imbalances in 
neurotransmitters (Varpaei et al., 2024). An a large-scale meta-
analysis involving 12,921 elderly non-cardiac surgery patients, the 
incidence of POCD demonstrated a declining trend over time, with 
rates of 23% at 1 week, 16% at 1 month, and 10% at 3 months 
postoperatively, the incidence of POCD on day 7 was significantly 
higher after abdominal surgery compared to orthopedic surgery 
(β = 0.13, 95% CI: 0.03–0.22, P = 0.01) (Huang et al., 2025). 
Therefore, perioperative cognitive management in elderly patients 
undergoing abdominal surgery, as a high-risk population for 
POCD, has become a significant challenge and a key research focus 

Frontiers in Aging Neuroscience 05 frontiersin.org 

https://doi.org/10.3389/fnagi.2026.1761052
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/


fnagi-18-1761052 February 11, 2026 Time: 16:32 # 6

Zhou et al. 10.3389/fnagi.2026.1761052 

T
A

B
LE

 2
 

C
o

m
p

ar
is

o
n

 o
f 

n
eu

ro
to

xi
c 

fa
ct

o
rs

 a
n

d
 p

ai
n

 m
ed

ia
to

rs
 b

ef
o

re
 a

n
d

 a
ft

er
 s

u
rg

er
y 

b
et

w
ee

n
 t

w
o

 g
ro

u
p

s 
(χ

 ±
 s

).
 

G
ro

u
p

N
SE

 (
µ

 g
/L

) 
A

p
o

J 
(m

g
/L

)
N

G
F 

(µ
 g

/L
)

P
G

E
2

 (
p

g
/m

L)
5

-H
T

 (
n

g
/m

L)

P
re

o
p

e
ra

ti
ve

d
ay

 1
 

P
o

st
o

p
e

ra
ti

ve
d

ay
 1

 
P

re
o

p
e

ra
ti

ve
d

ay
 1

 
P

o
st

o
p

e
ra

ti
ve

d
ay

 1
 

P
re

o
p

e
ra

ti
ve

d
ay

 1
 

P
o

st
o

p
e

ra
ti

ve
d

ay
 1

 
P

re
o

p
e

ra
ti

ve
d

ay
 1

 
P

o
st

o
p

e
ra

ti
ve

d
ay

 1
 

P
re

o
p

e
ra

ti
ve

d
ay

 1
 

P
o

st
o

p
e

ra
ti

ve
d

ay
 1

 

Lo
w

-c
on

ce
nt

ra
tio

n
gr

ou
p 

(n
 =

 6
1)

4.
05

 ±
 0

.6
9 

8.
25

 ±
 1

.8
4*

**
 

12
0.

32
 ±

 1
3.

25
 

14
5.

84
 ±

 1
5.

63
**

* 
40

3.
36

 ±
 3

8.
49

 
29

6.
65

 ±
 2

2.
45

**
* 

86
.2

6 
±

 1
0.

25
 

16
8.

26
 ±

 1
5.

26
**

* 
12

4.
26

 ±
 1

5.
26

 
20

0.
65

 ±
 2

1.
74

**
* 

H
ig

h-
co

nc
en

tr
at

io
n

gr
ou

p 
(n

 =
 6

0)
 

4.
12

 ±
 0

.7
6 

6.
99

 ±
 1

.1
5*

**
 

11
9.

58
 ±

 1
4.

36
 

12
9.

65
 ±

 1
8.

54
**

 
40

0.
78

 ±
 3

9.
85

 
33

1.
19

 ±
 2

5.
87

**
* 

85
.7

9 
±

 9
.6

8 
13

6.
85

 ±
 1

6.
02

**
* 

12
2.

98
 ±

 1
4.

68
 

17
3.

53
 ±

 1
9.

54
**

* 

t
0.

53
1

4.
50

5
0.

29
5

5.
19

8
0.

36
2

7.
84

4
0.

25
9

11
.0

51
0.

47
0

7.
21

3

P
0.

59
7 

<
 0

.0
01

 
0.

76
9 

<
 0

.0
01

 
0.

71
8 

<
 0

.0
01

 
0.

79
6 

<
 0

.0
01

 
0.

63
9 

<
 0

.0
01

 

C
om

pa
re

d 
w

ith
 P

re
op

er
at

iv
e 

D
ay

 1
 w

ith
in

 th
e 

sa
m

e 
gr

ou
p,

 **
P 

<
 0

.0
1,

 *
**
P 

<
 0

.0
01

. 

in the field of perioperative medicine. This study administered 
sevoflurane to elderly patients undergoing general anesthesia for 
abdominal surgery, observing the eects of dierent sevoflurane 
concentrations on cognitive function and pain sensitivity, aiming 
to provide targeted evidence-based guidance for clinical anesthetic 
management. 

Sevoflurane is an inhalational anesthetic agent, and its safety 
profile and impact on cognitive function in elderly patients 
remain subjects of debate (Zhao et al., 2022). An animal study 
demonstrated that repeated sevoflurane exposure in rats disrupts 
the tPA/PAI-1 fibrinolytic system balance, thereby impeding 
the conversion of proBDNF to mature BDNF, low BDNF 
expression subsequently inhibits the activation of the downstream 
tropomyosin-related kinase B (TrkB) signaling pathway and 
reduces hippocampal synaptic plasticity, thereby inducing POCD 
(Dong et al., 2020). Another study involving 192 patients 
undergoing laparoscopic surgery maintained anesthesia with 
inhaled sevoflurane combined with remifentanil. The results 
showed that on the day of surgery, the mean MMSE score 
in Group II (40 < BIS ≤ 50) was 29.00 ± 0.89, significantly 
higher than the 28.336 ± 1.42 in Group I (30 < BIS ≤ 40), 
indicating that a relatively deeper level of anesthesia had a milder 
impact on postoperative cognitive function (Shu et al., 2015). The 
present study found that while the high-concentration group had 
longer emergence time, time to orientation recovery, spontaneous 
breathing recovery time, and extubation time compared to the 
low-concentration group, they also exhibited higher MMSE scores 
on postoperative days 1 and 3, and a lower incidence of POCD. 
This suggests that a higher concentration of sevoflurane, despite 
prolonging recovery times, can mitigate the suppressive eect of 
general anesthesia on cognitive function and reduce the occurrence 
of POCD. Serum levels of NSE and ApoJ increased and NGF 
decreased on postoperative day 1 in both groups compared to their 
preoperative baselines. However, the high-concentration group 
demonstrated lower postoperative serum NSE and ApoJ levels, 
and higher NGF levels, than the low-concentration group. This 
indicates that while general anesthesia for abdominal surgery causes 
some degree of neurological impairment, a higher concentration of 
sevoflurane plays a positive role in alleviating neuronal damage and 
promoting neural repair. The potential reasons are hypothesized 
as follows: (1) Sevoflurane pretreatment or exposure might 
upregulate the expression of superoxide dismutase and glutathione 
peroxidase by activating the nuclear factor erythroid 2-related 
factor 2 (Nrf2) signaling pathway, thereby enhancing antioxidant 
enzyme activity, mitigating oxidative stress induced by surgical 
trauma or the anesthetic itself, providing neuronal protection, and 
consequently reducing the risk of POCD (Varpaei et al., 2024; 
Zhou et al., 2016). (2) Sevoflurane can inhibit the activation of 
nuclear factor kappa B (NF-κB), downregulate the expression 
of NF-κB-dependent inflammatory genes, suppress the release of 
inflammatory mediators, and thus alleviate inflammation-related 
neurological damage (Peipei et al., 2022). Pearson correlation 
analysis in this study revealed that the end-tidal sevoflurane 
concentration was positively correlated with the MMSE score and 
NGF levels, and negatively correlated with NSE and ApoJ levels on 
postoperative day 1. Furthermore, a high sevoflurane concentration 
[OR: 0.182 (95% CI: 0.056–0.590)] was identified as a protective 
factor against POCD in elderly patients undergoing abdominal 
surgery under general anesthesia. This further confirms the close 
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FIGURE 2 

Scatter plots of correlations between end-tidal sevoflurane concentration and cognitive function/neurological damage markers. (a) End-tidal 
sevoflurane concentration was positively correlated with the MMSE score on postoperative day 1 (r = 0.436, P < 0.001); (b) end-tidal sevoflurane 
concentration was negatively correlated with the serum NSE level on postoperative day 1 (r = -0.214, P = 0.018); (c) end-tidal sevoflurane 
concentration was negatively correlated with the serum ApoJ level on postoperative day 1 (r = -0.262, P = 0.004); (d) end-tidal sevoflurane 
concentration was positively correlated with the serum NGF level on postoperative day 1 (r = 0.324, P < 0.001). 

relationship between sevoflurane concentration and postoperative 

cognitive function, suggesting that appropriately increasing the 

sevoflurane concentration might be a feasible neuroprotective 

strategy. In this study, remifentanil dosage in both groups was 
adjusted based on BIS and MAP fluctuations, and a standardized 

PCIA regimen was used postoperatively. Statistical analysis 
confirmed no significant dierence in remifentanil consumption 

between the groups. Furthermore, patients using benzodiazepines, 
ketamine, or similar medications preoperatively were excluded, and 

these drugs were not administered intraoperatively. This suggests 
that dierences in analgesic medication use were not the primary 

factor contributing to the observed POCD dierences between the 

groups. 
This study found that the high-concentration group exhibited 

lower PSQ scores, smaller medial arm and incisional mechanical 
hypersensitivity areas, and higher medial arm and incisional 
mechanical hypersensitivity thresholds on postoperative day 1 

compared to the low-concentration group. Furthermore, the end-
tidal sevoflurane concentration was significantly correlated with the 
PSQ score, mechanical hypersensitivity thresholds, and mechanical 
hypersensitivity areas. These results indicate that a higher 
concentration of sevoflurane helps reduce postoperative pain 
sensitivity and mechanical hypersensitivity areas while elevating 
pain thresholds in patients, suggesting it plays an important 
role in inhibiting hyperalgesia and central sensitization. The 
underlying mechanisms may involve the following aspects: On one 
hand, sevoflurane can act directly on the central nervous system, 
modulating N-methyl-D-aspartate (NMDA) receptor activity and 
interfering with pain signal transmission (Guo et al., 2024; Xie et al., 
2024). On the other hand, data from this study demonstrate that a 
higher concentration of sevoflurane suppresses the postoperative 
release of pain mediators (PGE2, 5-HT), thereby alleviating pain 
sensitivity. 

Painful stress promotes excessive activation of the 
hypothalamic-pituitary-adrenal (HPA) axis, leading to elevated 
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FIGURE 3 

Scatter plots of correlations between end-tidal sevoflurane concentration and pain sensitivity/pain mediators. (a) End-tidal sevoflurane 
concentration was negatively correlated with the PSQ score on postoperative day 1 (r = -0.349, P < 0.001); (b) end-tidal sevoflurane concentration 
was negatively correlated with the medial arm mechanical hypersensitivity area on postoperative day 1 (r = -0.395, P < 0.001); (c) end-tidal 
sevoflurane concentration was positively correlated with the medial arm mechanical hypersensitivity threshold on postoperative day 1 (r = 0.405, 
P < 0.001); (d) end-tidal sevoflurane concentration was positively correlated with the incisional mechanical hypersensitivity threshold on 
postoperative day 1 (r = 0.412, P < 0.001); (e) end-tidal sevoflurane concentration was negatively correlated with the incisional mechanical 
hypersensitivity area on postoperative day 1 (r = -0.397, P < 0.001); (f) a higher end-tidal sevoflurane concentration was associated with a smaller 
area of mechanical hypersensitivity at the incision site on day 1 after surgery (r = -0.301, P < 0.001); (g) end-tidal sevoflurane concentration was 
negatively correlated with the serum 5-HT level on postoperative day 1 (r = -0.419, P < 0.001). 

cortisol levels. Excessively high cortisol levels exert toxic eects 
on hippocampal neurons, thereby impairing learning ability and 

spatial memory (Cao et al., 2024). Furthermore, pain promotes 
overactivation of central nervous cells and the release of large 

quantities of inflammatory factors, exacerbates sympathetic nerve 

excitability, and impairs the capacity for information exchange 

between brain cells. This consequently leads to cerebral hypoxia-
ischemia and disruption of the cerebral microcirculation (Irvine 

and Clark, 2018). The multivariate logistic regression model 
established in this study identified elevated preoperative day 1 
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TABLE 3 Univariate analysis of factors influencing postoperative POCD occurrence in elderly patients under general anesthesia. 

Factor Non-POCD group 
(n = 100) 

POCD group (n = 21) χ 2/t P 

Age (years) 68.52 ± 5.16 72.25 ± 4.90 3.037 0.003 

Gender (male/female) 53/47 9/12 0.715 0.398 

BMI (kg/m2) 23.28 ± 2.61 23.92 ± 2.85 1.005 0.317 

Hypertension (yes/no) 44/56 13/8 2.233 0.135 

Diabetes (yes/no) 37/63 11/10 1.716 0.190 

ASA classification (I/II) 25/75 7/14 0.620 0.431 

Sevoflurane (high/low) 54/46 6/15 4.489 0.034 

Surgery type (gastric/colorectal/hepatobiliary) 39/35/26 9/9/3 1.353 0.508 

Anesthesia time (min) 125.26 ± 16.35 127.16 ± 15.85 0.487 0.627 

Preoperative day 1 levels of NSE (µg/L) 3.16 ± 0.52 4.89 ± 0.65 13.248 < 0.001 

Preoperative day 1 levels of ApoJ (mg/L) 102.36 ± 15.52 131.74 ± 14.85 7.943 < 0.001 

Preoperative day 1 levels of NGF (µg/L) 432.56 ± 35.84 381.49 ± 39.45 5.834 < 0.001 

Preoperative day 1 levels of PGE2 (pg/mL) 80.26 ± 11.25 93.65 ± 8.49 5.148 < 0.001 

Preoperative day 1 levels of 5-HT (pg/mL) 102.36 ± 14.68 139.59 ± 16.28 10.367 < 0.001 

TABLE 4 Multivariate analysis of factors influencing postoperative POCD occurrence in elderly patients under general anesthesia. 

Factor β SE Wald χ 2 P OR 95%CI 

Age 0.181 0.063 8.246 0.004 1.198 1.059–1.356 

Sevoflurane (high) –1.705 0.601 8.047 0.005 0.182 0.056–0.590 

Preoperative day 1 levels of NSE 0.845 0.295 8.205 0.004 2.327 1.306–4.147 

Preoperative day 1 levels of ApoJ 0.043 0.015 8.382 0.004 1.044 1.014–1.075 

Preoperative day 1 levels of NGF –0.022 0.007 9.428 0.002 0.978 0.965–0.992 

Preoperative day 1 levels of PGE2 0.061 0.025 5.956 0.015 1.063 1.012–1.116 

Preoperative day 1 levels of 5-HT 0.031 0.014 4.909 0.027 1.031 1.003–1.060 

Constant –9.451 2.941 10.326 0.001 – – 

levels of PGE2 and 5-HT as risk factors for POCD in elderly 
patients after general anesthesia, supporting the aforementioned 
theory. Additionally, a domestic study reported that the PSQ score 
correlates with postoperative pain intensity, and pain sensitivity 
can eectively predict the occurrence of chronic postoperative pain 
and neuropathic pain (Wu et al., 2023). This demonstrates that 
pain sensitivity indirectly influences patients’ cognitive function. 
In this study, the high sevoflurane concentration reduced pain 
sensitivity and mechanical hypersensitivity in elderly patients 
undergoing abdominal surgery under general anesthesia, thereby 
interrupting the pathological process of “pain-stress-cognitive 
impairment” and consequently exerting a neuroprotective function 
after general anesthesia. 

5 Conclusion 

The concentration of sevoflurane during general anesthesia in 
elderly patients is closely associated with postoperative cognitive 
function and pain sensitivity. A higher sevoflurane concentration 
can reduce pain sensitivity, inhibit the expression of pain mediators 
and neurological damage markers, alleviate cognitive impairment, 

and serves as a protective factor against the development of 
POCD. Several limitations must be acknowledged. Firstly, the 
single-center observational design and limited sample size may 
introduce confounding biases. Consequently, our results require 
confirmation from future multi-center, large-sample randomized 
controlled trials. This study did not include other inhalational or 
intravenous anesthetics as controls, making it diÿcult to entirely 
exclude the potential for cross-drug interactions. Furthermore, 
the incidence of POCD was only recorded up to postoperative 
day 3; it is recommended that future studies extend the follow-
up period to observe the medium- and long-term eects of 
sevoflurane on cognitive function in elderly patients after general 
anesthesia. Additionally, as an observational association study, 
while correlations were established, causality cannot be definitively 
determined. ASA III elderly patients are common in clinical 
practice. However, due to their reduced organ functional reserve 
and higher burden of comorbidities, their anesthesia tolerance and 
postoperative recovery characteristics dier from those of ASA 
I-II patients. The impact of sevoflurane concentration on POCD 
and pain sensitivity in this specific population remains unclear, 
which may limit the generalizability of our findings. Future studies 
specifically targeting ASA III elderly patients are needed to further 
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validate the clinical application value of sevoflurane concentration. 
The specific mechanisms through which sevoflurane influences 
cognitive function and pain sensitivity were not thoroughly 
investigated; future studies incorporating basic science experiments 
are needed to further elucidate the precise mechanisms of action at 
the signaling pathway and molecular levels. 
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