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Abstract
Objective. The aim of the study is to determine the appropriate level of anaesthesia for elderly patients when using 
Narcotrend for maintaining anaesthesia during surgery.�  
Materials and Method. A total of 135 elderly patients with intestinal tumours were randomly divided into 3 groups: A, 
B and C (during the surgery, the anaesthesia levels were maintained at D0, D2, and E1, respectively). Heart rate (HR) and 
Mean arterial pressure (MAP) were monitored at the following time points: T1 – before anaesthesia, T2 – before intubation, 
T3 – after intubation, T4 – during surgery, T5 – at the end of surgery, and T6 – at extubation. Additionally, cognitive function 
was evaluated through MMSE scores before and after the surgery.�  
Results. Compared with T1, group A showed a significant acceleration in HR at T3, T5 and T6. However, no significant 
fluctuations in HR were observed in Group B and Group C. Furthermore, in T2 and T4, the MAP of all groups decreased, 
and the change was most significant in group C. After the surgery, the MMSE scores of Group B and Group C were higher. 
However, compared with group C, the dosage of anaesthetic drugs in group B was lower and the extubation time was 
shorter.�  
Conclusions. Compared with D0, maintaining the anaesthesia level at D2 or E1 may be able to reduce the risk of postoperative 
cognitive dysfunction in elderly patients. Furthermore, compared to E1, the D2 level is more likely to maintain haemodynamic 
stability. 
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INTRODUCTION

Cognitive decline or cognitive dysfunction is a common 
complication after surgery. Its main manifestations include 
disorders in memory, attention, information processing, and 
personality, which seriously affect the quality of life [1]. Age, 
diabetes, stroke, surgery, anaesthesia, and hypoxia are all risk 
factors that contribute to the decline in cognitive ability[2, 3]. 
Some scholars have proposed that the anaesthesia measures 
taken during surgery are closely related to postoperative 
cognitive function[4, 5]. It is worth noting that due to the 
decline in physical functions patients and reduced tolerance 
for surgery, the risk of cognitive decline is higher in elderly 
patients after undergoing general anesthesia surgery [6, 7]. 
Therefore, the impact of anaesthesia levels on postoperative 
cognitive dysfunction in elderly patients should be given 
sufficient attention by doctors.

In the past, anaesthesiologists determined the depth 
of anaesthesia based on clinical experience; however, the 
accuracy is relatively low, and the surgical risks are also 

relatively high. Currently, the main indicators used to 
monitor the level of anaesthesia include the bispectral 
index  (BIS), the  auditory evoked potential index (AEPi), 
and the Narcotrend index[8–10]. ‘Narcotrend’ as a new 
monitoring method, has gradually gained popularity in 
clinical practice due to numerous advantages. Similar to BIS, 
Narcotrend can reflect the entire process from brain electrical 
silence to wakefulness. Narcotrend classifies anaesthesia 
into six stages: A, B, C, D, E and F [11]. Studies have shown 
that Narcotrend can more accurately control the depth of 
anaesthesia [12, 13].

The aim of the study is to explore the appropriate 
anesthesia level for elderly patients when using Narcotrend 
during surgery, with the main focus on investigating the 
effects of different levels of anaesthesia (D0, D2, E1) on the 
postoperative cognitive function while using the Narcotrend 
system. Changes in haemodynamics parameters and cerebral 
oxygen metabolism rate were also monitored during the 
operation.

 Address for correspondence: Zhixun Hu, Department of Anesthesiology, The 
First Hospital of Xingtai, China
E-mail: Huzhixunhzx@163.com

Received: 19.12.2025; accepted: 13.02.2026; first published: 03.04.2026

Annals of Agricultural and Environmental MedicineONLINE FIRST

ONLINE FIRST

ONLINE FIRST

ONLINE FIRST

https://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
https://orcid.org/0009-0003-4553-468X
https://orcid.org/0009-0003-9278-8199
https://orcid.org/0009-0002-0947-3667
https://orcid.org/0009-0003-6596-0299
https://orcid.org/0009-0000-9850-1783


Ruina Guo, Xueli Zhao, Xizhong Ma, Zhixun Hu﻿﻿﻿﻿﻿. The influence of anaesthesia levels monitored by Narcotrend on haemodynamics and postoperative cognitive…

MATERIALS AND METHOD

Patients. The research was approved by the Ethics Committee 
at The First Hospital of Xingtai, and has strictly followed the 
relevant requirements of the “Helsinki Declaration”

From May 2022 – May 2023, 135 elderly patients with 
gastrointestinal tumours who underwent surgery in the 
Xingtai hospital were selected for this study. Patients 
had to have a confirmed diagnosis through CT, MRI 
scans, or histopathological examinations with surgical 
indications. Inclusion criteria: 1) age ≥ 60; 2) American 
Society of Anesthesiologists class (ASA): I-II; 3) normal 
blood coagulation; 4) There is no severe heart or lung failure, 
and no liver or kidney dysfunction; 5) no history of drug 
abuse; 6) Be capable of cooperating with medical staff to 
complete the assessment of Mini-mental State Examination 
(MMSE) scale; 7) no similar neuropsychological tests have 
been taken before. Exclusion criteria: 1) There has been a 
history of brain trauma, stroke or some other diseases that 
may affect the cognitive function; 2) Those who have been 
using opioids or diazepines for a long time; 3) Patients with 
aphasia, hearing impairment or comprehension disorders; 
4) The patient who was transferred to the ICU; 5) Patients 
who experienced adverse reactions during the perioperative 
period (e.g. massive bleeding or infection).

Experimental grouping. A total of 135 patients were randomly 
divided into three groups using a random number table: Group 
A, Group B, and Group C. During the surgery, based on the 
results shown by the Narcotrend, the anaesthesia levels of the 
three groups were maintained at D0, D2 and E1, respectively. 
Apart from the anaesthesiologists, neither the patients nor the 
data recorders were informed of the groupings.

Anesthesia induction. Clean the patient’s scalp using 
Narcotrend skin cleansing cream, then place the electrodes 
and start using the Narcotrend single-channel monitoring 
system. Administer intravenous anaesthesia. After the heart 
rate and blood pressure have stabilized, oxygen was inhaled 
at a flow rate of 6L/min (for 3 minutes). During the induction 
of anaesthesia, Remifentanil, Propofol and Rocuronium were 
infused intravenously. When the patient loses consciousness, 
tracheal intubation is performed. During the surgery, Propofol 
and Remifentanil were used jointly to maintain the target 
depth of anaesthesia. The Narcotrend Index (NTI) of patients 
in group A was controlled between 64 – 57, in group B was 
controlled between 46 – 37, and in group C between 20 – 26. 
During the operation, it is essential to ensure that the changes 
in heart rate (HR) and mean arterial pressure (MAP) do not 
exceed ± 30%. If necessary, Ephedrine, Norepinephrine and 
Atropine can be used to maintain haemodynamic stability 
during the surgery. The infusion of muscle relaxants should 
be stopped 30 minutes before the end of the surgery. All 
patients underwent postoperative intravenous analgesia.

Observed indicators. After entering the operating theatre, 
the electrocardiogram (ECG), HR and pulse oxygen 
saturation (SpO2) were immediately monitored. Under local 
anaesthesia, an arterial puncture and catheterization were 
performed to measure the invasive blood pressure (IBP). 
HR and MAP were recorded at six time points: T1 – before 
anesthesia, T2 – before intubation, T3 – after intubation, 
T4 – during surgery, T5 – at the end of surgery, and T6 – 

at extubation. The operation time, extubation time, and 
incidence rates of adverse reactions, such as nausea, vomiting 
and restlessness, were recorded. The cumulative usage of 
Propofol and Remifentanil during the surgery was also 
calculated.

To reflect the effect of anaesthesia depths on cerebral 
oxygen metabolism rate, blood samples were collected from 
the radial artery and the bulb of the internal jugular vein at 5 
time points from T1 – T5. An i-STAT portable clinical blood 
gas analyzer (Abbott Laboratories, USA) was used to analyze 
and calculate arteriovenous oxygen difference (Da-jv02) and 
cerebral oxygen extraction ratio (CER02).

Assessment of cognitive function. The MMSE scale is a 
widely used tool for assessing cognitive functions. In this 
study, the assessment moments of the MMSE scale were: 
t0 – one day before the operation, t1 – one day after the 
operation, t2 – 3 days after the operation, and t3 – seven days 
after the operation. The MMSE scale consists of 5 aspects: 
orientation, attention, memory, recall and language ability; 
total score – 30 points. The higher the score, the better the 
cognitive function.

Statistical analysis. The data were analyzed using IBM SPSS 
statistics 23.0 software. The differences were analyzed using 
the chi-square test and One-way ANOVA. When P<0.05, the 
difference is considered significant.

RESULTS

Comparison of the basic information. The basic clinical 
information of the patient is listed in Table 1. During the 
operation, under the guidance of Narcotrend, the anaesthesia 
depths of the 3 groups were maintained at D0, D2 and E1, 
respectively. There were no differences in age among these 
3 groups of patients (P>0.05). Statistical results showed that 
there were no significant differences in the prevalence of 
hypertension and diabetes, educational levels, and ASA 
classification among the 3 groups (P>0.05). Therefore, in 
the subsequent experiments, these 3 groups were comparable.

Comparison of various indicators during the perioperative 
period. There were no significant differences in the operation 

Table 1. Basic clinical information statistics of subjects

Index Group A Group B Group C P value

Sample size 45 45 45 -

Narcotrend stage D0 D2 E1 -

Narcotrend Index 57–64 37–46 20–26 -

Gender (Male/Female) 21/24 23/22 18/27 0.567

Age (years) 67.51±9.50 66.44±9.89 64.51±11.15 0.371

BMI (kg/m2) 21.39±1.31 21.30±1.38 20.75±2.35 0.173

Smoker 5 (11.11%) 5 (11.11%) 6 (13.33%) 0.932

Hypertension 12 (26.67%) 13 (28.89%) 11 (24.44%) 0.893

Diabetes 10 (22.22%) 8 (17.78%) 7 (15.56%) 0.709

Educational level 6.78±2.51 7.13±3.32 6.29±2.05 0.327

ASA level (I/II) 17/28 20/25 20/25 0.761

BMI – Body Mass Index; ASA level – American Society of Anesthesiologists class. Values are
shown as Number (percentage) or Mean ± SD and analyzed using Chi-square test or One-way 
ANOVA
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time, fluid infusion volume and blood loss among groups A, 
B and C (P>0.05) (Tab. 2). However, there were significant 
differences in the dosage of Propofol: with the increase in 
the depth of anaesthesia, the dosage of Propofol was also 
increased (P<0.05). Regarding the extubation time, the 
results show that maintaining the anaesthesia levels at D2 
can significantly shorten the extubation time (P<0.05).

Influence of anesthesia depths on hemodynamic parameters 
and postoperative adverse reactions. As shown in Table 3, 
compared with T1, the HR in group A significantly accelerated 
at T3, T5 and T6 (P<0.05). Furthermore, at T3, T5, and T6, the 
HR of group A was significantly higher than that of group B 
and group C (P<0.05). At T2 and T4, the MAP of all 3 groups 
decreased (P<0.05). Furthermore, the MAP of group C was 
the lowest at T2 and T4 (P<0.05). It can be seen from this that 
when the depth of anaesthesia is maintained at D2, it is easier 
to maintain the stability of HR and MAP during the surgery.

The incidence of adverse reactions after anaesthesia were 
also recorded. The results show that the incidences of Nausea 
and Vomiting, Hypotension, Respiratory Depression, and 
Agitation are all relatively low, and there is no significant 
difference among the 3 groups (P>0.05) (Tab. 4).

Influence of anaesthesia depths on early postoperative 
cognitive function. The cognitive function of the patients 
was evaluated using the MMSE scale (Tab. 5). There was no 
difference in MMSE scores among the 3 groups at t0 (P>0.05). 
However, at t1, t2 and t3, the MMSE scores in group B and 
group C were higher than those of group A (P<0.05), but there 
was no difference between group B and group C.

Comparison of cerebral oxygen metabolism levels. 
Compared with T1, the levels of Da-jv02 and CER02 in group B 
and group C decreased at each time point (P<0.05) However, 
no significant changes were observed in Da-jv02 and CER02 in 
group A at each time point (P>0.05). Compared with group 
A, the levels of Da-jv02 and CER02 in group B and group 
C were significantly lower at T2, T3, T4, and T5 (P<0.05) 
(Tab. 6). This result indicates that maintaining the depth 

Table 2. Comparison of anesthetic technique

Index Group A
(n=45)

Group B
(n=45)

Group C
(n=45)

Narcotrend Index 57–64 37–46 20–26

Duration of operation (min) 197±40 211±29 206±22

Fluid infusion volume (mL) 1843±294 1945±299 1907±282

Blood loss volume (mL) 316±42 297±42 308±44

Dosage of propofol (mg) 836±108 916±93a 1215±128ab

Dosage of remifentanil (mg) 2.62±0.49 2.75±0.50 2.68±0.91

Extubation time (min) 19.11±2.71 18.31±2.50 20.44±2.81ab

Values are shown as Mean ± SD and were analyzed using One-way ANOVA; aP<0.05 – significantly 
different from Groups A; bP<0.05 – significantly different from Groups B.

Table 5. Comparison of cognitive function between different depths 
of anesthesia

Index Group A
(n=45)

Group B
(n=45)

Group C
(n=45)

MMSE score

t0 27.91±1.30 28.20±1.32 28.11±1.27

t1 25.11±2.08 26.02±1.51a 25.84±1.77

t2 26.00±1.43 27.20±1.29a 26.60±1.53ab

t3 26.60±1.81 27.93±1.39a 27.44±1.98a

MMSE score – Mini-Mental State Examination score; t0 (One day before the operation), t1 
(One day after the operation), t2 (Three days after the operation) and t3 (Seven days after the 
operation). Values are shown as Mean ± SD and analyzed using One-way ANOVA. aP<0.05 – 
Significantly different from Group A – bP<0.05: Significantly different from Groups B

Table 6. Comparison of cerebral oxygen metabolism among patients

Index Group A
(n=45)

Group B
(n=45)

Group C
(n=45)

Da-jv02 (ml/l)

T1 61.34±9.49 62.01±9.32 62.23±11.46

T2 58.61±9.58 38.20±12.04ab 35.82±10.79ab

T3 57.05±8.55 35.99±8.35ab 34.25±11.16ab

T4 56.11±13.74 36.13±8.58ab 33.90±11.44ab

T5 55.87±12.95 33.37±9.75ab 31.73±7.75ab

CER02 (%)

T1 35.9±5.8 35.2±5.1 36±5.8

T2 33.3±4.6 25.6±3.1ab 22.6±3.3abc

T3 34.3±4.1 24.4±3.1ab 23.1±3.0ab

T4 32.3±3.8 23.3±4ab 23.1±3.5ab

T5 35.3±3.5 27.6±3.7ab 25.3±2.8abc

Da-jv02 – Difference of arteriovnous oxygen; CER02 – Cerebral oxygen etrction ratio.
T1 (before anesthesia), T2 (before intubation), T3 (after intubation), T4 (during surgery), T5 
(at the end of surgery). Values are shown as Mean ± SD and analyzed using One-way ANOVA; 

aP<0.05 – significantly different from T1; bP<0.05 -significantly different from Groups A; cP<0.05 
– significantly different from Groups B

Table 4. Probability of postoperative adverse reactions

Index Group A
(n=45)

Group B
(n=45)

Group C
(n=45)

P value

Nausea and Vomiting 4 (8.89%) 3 (6.67%) 3 (6.67%) 0.898

Hypotension 1 (2.22%) 2 (4.44%) 3 (6.67%) 0.593

Respiratory Depression 0 (0.00%) 1 (2.22%) 0 (0.00%) 0.365

Agitation 2 (4.44%) 1 (2.22%) 0 (0.00%) 0.360

Total incidence rate 7 (15.56%) 7 (15.56%) 6 (13.33%) 0.943

Values are shown as a Number (percentage) and analyzed using Chi-square test

Table 3. Comparison of hemodynamic indexes

Index Group A (n=45) Group B (n=45) Group C (n=45)

HR (times/min)

T1 77.29±8.94 78.51±8.61 76.89±7.92

T2 79.09±8.97 76.60±10.93 75.18±10.22

T3 86.89±10.83a 82.47±7.54ab 82.11±9.49ab

T4 75.24±8.74 75.60±11.15 79.40±9.79b

T5 85.98±10.94a 79.09±7.32b 78.71±6.27b

T6 87.31±8.67a 80.36±8.57b 80.60±9.91b

MAP (mmHg)

T1 93.09±9.85 91.22±9.20 90.96±11.29

T2 83.33±10.24a 82.78±8.53a 72.69±7.34abc

T3 99.40±9.30a 90.31±12.24b 86.04±10.79ab

T4 82.71±13.35a 86.69±13.29a 75.62±12.62abc

T5 94.38±9.22 88.22±7.85b 86.64±9.92ab

T6 99.29±10.94a 91.38±11.04b 90.36±14.00b

HR – heart rate; MAP – mean arterial pressure; T1 (before anesthesia), T2 (before intubation), 
T3 (after intubation), T4 (during surgery), T5 (at the end of surgery), T6 (at extubation). Values 
are shown as Mean ± SD and were analyzed using One-way ANOVA. aP<0.05 – significantly 
different from T1. bP<0.05 – Significantly different from Groups A; cP<0.05 – Significantly 
different from Groups B.
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of anaesthesia at D0 has little effect on the cerebral oxygen 
metabolism rate. Furthermore, when the depth of anaesthesia 
is maintained at D2 and E1, the inhibitory effect on cerebral 
oxygen metabolism is more obvious.

DISCUSSION

Over the past few decades, due to the fact that elderly patients 
not only suffer from underlying diseases but also have organ 
dysfunction[14], the proportion of elderly people undergoing 
surgical treatment has not been high. However, with the 
advancement of medical technology and the change in the 
mindset of the elderly, more and more elderly patients are 
choosing to undergo surgery for recovery. However, due to the 
decline in physical functions and the reduced tolerance for 
surgical trauma, the risk of anaesthesia and the incidence of 
postoperative cognitive dysfunction, are relatively higher in 
elderly patients [15]. Therefore, how to successfully administer 
anesthesia to elderly patients has gradually become the focus 
of attention for anaesthesiologists.

In the current study, under the guidance of Narcotrend, 
elderly patients were maintained at different levels of 
anaesthesia during the operation. This study evaluated the 
changes in patients’ cognitive functions by comparing MMSE 
scores before and after the surgery. The study found that, 
compared with patients with an anaesthesia depth of D0, 
the postoperative MMSE scores were significantly higher 
when the anaesthesia depth was D2 and E1. Therefore, the 
results initially indicate that maintaining a deeper level 
of anesthesia (such as D2 and E1) may be more beneficial 
for elderly patients in reducing the risk of postoperative 
cognitive dysfunction compared to D0. Some studies also 
support this conclusion. For instance, research has shown 
that anesthetics can inhibit the transmission of excitatory 
neurotransmitters, thereby reducing neuronal damage 
caused by surgical stress [16]. On the other hand, studies have 
shown that appropriate anaesthesia can block the systemic 
inflammatory response triggered by surgical trauma and 
reduce the damage to the blood-brain barrier caused by 
pro-inflammatory cytokines [17].

However, it is necessary to point out that although the 
MMSE score is widely used to assess cognitive dysfunction, 
its sensitivity for mild cognitive impairment is limited, which 
may make it difficult to detect some subtle cognitive changes. 
Studies have shown that the MoCA score is specifically used 
to detect mild cognitive impairment [18, 19]. Therefore, 
combining these 2 methods can further enhance the accuracy 
of the results. In the future, it will still be necessary to 
accurately assess the postoperative cognitive function of 
elderly patients by using both the MMSE score and the MoCA 
score simultaneously. Furthermore, after surgery under 
general anaesthesia, cognitive dysfunction in elderly patients 
involves short-term memory, attention, orientation, and 
executive functions [20]. Therefore, some tests specifically 
targeting attention and executive function, such as the Trail 
Making Test and the Digit Symbol Substitution Test [21], 
should also be considered.

Postoperative cognitive dysfunction is also closely related 
to a variety of neurobiological markers (β-amyloid protein, 
neurofilament light chain), especially in diseases such as 
Alzheimer's disease, in which these neurobiological markers 
have significant value for early warning and diagnosis [22, 

23]. Therefore, revealing the dynamic changes of these neural 
markers under different levels of anaesthesia also helps to 
elucidate the relationship between the depth of anaesthesia 
and postoperative cognitive function.

The current study also monitored changes in heart rate 
and blood pressure during the operation. It was found that, 
compared with D0, maintaining the anaesthesia depth at 
the levels of D2 and E1 resulted in smaller fluctuations in 
heart rate during the surgical procedure. However, compared 
with E1, when the depth of anaesthesia is maintained at the 
D2 level, the dosage of anaesthetic drugs was lower and the 
extubation time was shorter. Compared with E1, the depth 
of anaesthesia in D2 was lower. It is speculated that light 
anaesthesia might significantly shorten the postoperative 
extubation time by accelerating drug clearance and restoring 
physiological functions. Therefore, it seems that for elderly 
patients maintaining the anaesthesia depth at D2 can better 
protect the neurological function of patients, maintain the 
stability of haemodynamics, and shorten the extubation time. 
This study show that a certain proportion of elderly patients 
experience a decline in cognitive function, which indicates 
the necessity of adopting cognitive rehabilitation therapies 
after surgery, such as EEG neurofeedback [24], short-term 
memory exercises [25], and cognitive control training [26]. 
For elderly patients undergoing general anesthesia surgeries, 
in addition to controlling the depth of anaesthesia during 
the operation, cognitive training is also necessary after the 
surgery. This may play a crucial role in reducing postoperative 
cognitive dysfunction.

There are many factors related to postoperative cognitive 
dysfunction. Apart from the neurotoxicity of anaesthetic 
drugs, changes in brain oxygen metabolism during the 
surgery, or stress responses which can also affect cognitive 
function [27–29]. The literature indicates that cerebral oxygen 
metabolism can affect the postoperative cognitive function 
and prognosis of elderly patients [28, 30]. In the current 
study, it was found that when the depth of anaesthesia was 
maintained at D2 and E1, CER02 significantly decreased. 
CER02 indicates that the oxygen consumption is lower than 
the oxygen supply, resulting in a decrease in the metabolic 
activity of the brain. Reducing the oxygen metabolism rate 
can minimize the brain tissue damage caused by insufficient 
oxygen supply during surgery. Therefore, the authors of the 
current study believe that increasing the depth of anaesthesia 
within a safe range may partially exert a protective effect on 
neurons by reducing the oxygen metabolism rate.

It is worth noting that the differences in the history of 
COVID-19 infection among the groups may have an impact 
on the interpretation of the results. As previous studies have 
confirmed that SARS-CoV-2 can directly invade the central 
nervous system and cause a series of short-term or long-term 
neurological disorders [31, 32]. Furthermore, this disease can 
also lead to autonomic nerve dysfunction, impaired cerebral 
perfusion, and changes in the cardiovascular system [33, 
34]. These factors may have an impact on the results of the 
MMSE, haemodynamic parameters, and brain metabolic 
indicators. Future research should therefore further assess 
the history of COVID-19 infection among the population to 
increase the homogeneity of the sample.

Furthermore, after surgery under general anaesthesia, 
there is indeed a risk of cognitive dysfunction in elderly 
patients, which is significantly increased in those with a 
history of cardiovascular or cerebrovascular diseases [35, 36]. 
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The main reason is that cardiovascular and cerebrovascular 
diseases reduce the brain’s tolerance to ischemia and hypoxia. 
Therefore, adopting stricter screening criteria (such as 
excluding patients with a history of cardiovascular and 
cerebrovascular diseases) is also necessary for accurately 
studying the relationship between the depth of anaesthesia 
and cognitive impairment.

Limitations of the study. This study initially determined 
the appropriate level of anesthesia for elderly patients through 
clinical experiments. However, this study still has several 
limitations. Firstly, the subjects were from a single research 
center and the sample size was small, which might affect the 
stability of the results. Secondly, relying solely on the MMSE 
score to assess cognitive function may result in an insufficient 
detection rate of mild cognitive impairments. Therefore, in 
order to more accurately evaluate the relationship between 
anesthesia depth and postoperative cognitive function, it is 
necessary to conduct a multi-center study and use multiple 
neuropsychological tools to comprehensively assess cognitive 
function. Furthermore, in future research, every effort should 
be made to ensure the homogeneity of the samples. For 
instance, consider the potential impact of confounding 
factors (such as the status of COVID-19 infection and the 
history of cardiovascular and cerebrovascular diseases) on 
the experimental results.

CONCLUSIONS

The study confirms that compared with the D0 level, 
maintaining the anaesthesia depth at the D2 and E1 levels 
under the guidance of Narcotrend is more conducive to 
maintaining haemodynamic stability, inhibiting cerebral 
oxygen metabolism, and may reduce the risk of cognitive 
decline in elderly patients. Furthermore, compared with E1, 
the anaesthesia depth at the D2 level can reduce the dosage 
of anaesthetic drugs and shorten the extubation time.

Funding source. The study was supported by a 
Medical Science Research Project of Hebei Province (Project 
No. 20232009).

REFERENCES

1.	Varpaei HA, Farhadi K, Mohammadi M, et al. Postoperative cognitive 
dysfunction: a concept analysis. Aging Clin Exp Res. 2024;36(1):133. 
http://doi.org/10.1007/s40520-024-02779-7

2.	Fan YY, Luo RY, Wang MT, et al. Mechanisms underlying delirium in 
patients with critical illness. Front Aging Neurosci. 2024;16:1446523. 
http://doi.org/10.3389/fnagi.2024.1446523

3.	Cui Q, Wang D, Zeng M, et al. Association of postoperative covert stroke 
and cognitive dysfunction among elderly patients undergoing non-
cardiac surgery: protocol for a prospective cohort study (PRECISION 
study). BMJ Open. 2020;10(1):e034657. http://doi.org/10.1136/
bmjopen-2019-034657

4.	Zeng K, Long J, Li Y, Hu J. Preventing postoperative cognitive 
dysfunction using anesthetic drugs in elderly patients undergoing 
noncardiac surgery: a systematic review and meta-analysis. Int J Surg. 
2023;109(1):21–31. http://doi.org/10.1097/JS9.0000000000000001

5.	Zhou C, Huang X, Zhuo Z, et al. Effect of different anesthesia depths on 
perioperative heart rate variability and hemodynamics in middle-aged 
and elderly patients undergoing general anesthesia. BMC Anesthesiol. 
2024;24(1):312. http://doi.org/10.1186/s12871-024-02700-9

6.	Anand N, Gupta R, Mishra SP, Mishra M. Postoperative Cognitive 
Dysfunction: A Review. Asian J Anesthesiol. 2024;62(1):1–11. http://
doi.org/10.6859/aja.202403_62(1).0001

7.	Bogolepova AN. [Postoperative cognitive dysfunction]. Zh Nevrol 
Psikhiatr Im S S Korsakova. 2022;122(8):7–11. http://doi.org/10.17116/
jnevro20221220817

8.	Oliveira CR, Bernardo WM, Nunes VM. Benefit of general anesthesia 
monitored by bispectral index compared with monitoring guided 
only by clinical parameters. Systematic review and meta-analysis. 
Braz J Anesthesiol. 2017;67(1):72–84. http://doi.org/10.1016/j.
bjane.2015.09.001

9.	Arigliani M, Toraldo DM, Ciavolino E, et al. The Use of Middle Latency 
Auditory Evoked Potentials (MLAEP) as Methodology for Evaluating 
Sedation Level in Propofol-Drug Induced Sleep Endoscopy (DISE) 
Procedure. Int J Environ Res Public Health. 2021;18(4). http://doi.
org/10.3390/ijerph18042070

10.	Laferriere-Langlois P, Morisson L, Jeffries S, et  al. Depth of 
Anesthesia and Nociception Monitoring: Current State and Vision 
For 2050. Anesth Analg. 2024;138(2):295–307. http://doi.org/10.1213/
ANE.0000000000006860

11.	Koditz H, Drouche A, Dennhardt N, et  al. Depth of anesthesia, 
temperature, and postoperative delirium in children and adolescents 
undergoing cardiac surgery. BMC Anesthesiol. 2023;23(1):148. http://
doi.org/10.1186/s12871-023-02102-3

12.	Schmidt GN, Bischoff P, Standl T, et  al. Narcotrend and Bispectral 
Index monitor are superior to classic electroencephalographic 
parameters for the assessment of anesthetic states during propofol-
remifentanil anesthesia. Anesthesiology. 2003;99(5):1072–7. http://doi.
org/10.1097/00000542-200311000-00012

13.	Rundshagen I, Hardt T, Cortina K, et  al. Narcotrend-assisted 
propofol/remifentanil anaesthesia vs clinical practice: does it make 
a difference? Br J Anaesth. 2007;99(5):686–93. http://doi.org/10.1093/
bja/aem231

14.	Dziechciaz M, Filip R. Biological psychological and social determinants 
of old age: bio-psycho-social aspects of human aging. Ann Agric Environ 
Med. 2014;21(4):835–8. http://doi.org/10.5604/12321966.1129943

15.	Wagner S, Breitkopf M, Ahrens E, et al. Cognitive function in older 
patients and their stress challenge using different anesthesia regimes: 
a single center observational study. BMC Anesthesiol. 2023;23(1):6. 
http://doi.org/10.1186/s12871-022-01960-7

16.	Koerner IP, Brambrink AM. Brain protection by anesthetic agents. 
Curr Opin Anaesthesiol. 2006;19(5):481–6. http://doi.org/10.1097/01.
aco.0000245271.84539.4c

17.	Hsing CH, Wang JJ. Clinical implication of perioperative inflammatory 
cytokine alteration. Acta Anaesthesiol Taiwan. 2015;53(1):23–8. http://
doi.org/10.1016/j.aat.2015.03.002

18.	Nasreddine ZS, Phillips NA, Bedirian V, et al. The Montreal Cognitive 
Assessment, MoCA: a brief screening tool for mild cognitive 
impairment. J Am Geriatr Soc. 2005;53(4):695–9. http://doi.org/10.1111/
j.1532-5415.2005.53221.x

19.	Raszewski G, Bojar H, Jamka K. Dietary patterns in people with mild 
cognitive impairment. Ann Agric Environ Med. 2024;31(4):566–71. 
http://doi.org/10.26444/aaem/195637

20.	Liao YQ, Min J, Wu ZX, Hu Z. Comparison of the effects of 
remimazolam and dexmedetomidine on early postoperative cognitive 
function in elderly patients with gastric cancer. Front Aging Neurosci. 
2023;15:1123089. http://doi.org/10.3389/fnagi.2023.1123089

21.	Evered LA, Silbert BS. Postoperative Cognitive Dysfunction and 
Noncardiac Surgery. Anesth Analg. 2018;127(2):496–505. http://doi.
org/10.1213/ANE.0000000000003514

22.	Nakamura A, Kaneko N, Villemagne VL, et  al. High performance 
plasma amyloid-beta biomarkers for Alzheimer’s disease. Nature. 
2018;554(7691):249–54. http://doi.org/10.1038/nature25456

23.	Wang X, Chen X, Wu F, et  al. Relationship between postoperative 
biomarkers of neuronal injury and postoperative cognitive dysfunction: 
A meta-analysis. PLoS One. 2023;18(4):e0284728. http://doi.org/10.1371/
journal.pone.0284728

24.	Łuckoś M, Cielebąk K, Kamiński P. EEG neurofeedback in the treatment 
of cognitive dysfunctions after the infection of SARS-COV-2 and long 
COVID-19. Acta Neuropsychologica. 2021;19:361–72.

25.	Zehnder F, Martin M, Altgassen M, Clare L. Memory training effects 
in old age as markers of plasticity: a meta-analysis. Restor Neurol 
Neurosci. 2009;27(5):507–20. http://doi.org/10.3233/RNN-2009-0491

26.	Hussey EK, Harbison JI, Teubner-Rhodes SE, et  al. Memory and 
language improvements following cognitive control training. J Exp 
Psychol Learn Mem Cogn. 2017;43(1):23–58. http://doi.org/10.1037/
xlm0000283

27.	Fu H, Fan L, Wang T. Perioperative neurocognition in elderly patients. 
Curr Opin Anaesthesiol. 2018;31(1):24–9. http://doi.org/10.1097/
ACO.0000000000000536

AAEMAnnals of Agricultural and Environmental MedicineONLINE FIRST

ONLINE FIRST

ONLINE FIRST

ONLINE FIRST



Ruina Guo, Xueli Zhao, Xizhong Ma, Zhixun Hu﻿﻿﻿﻿﻿. The influence of anaesthesia levels monitored by Narcotrend on haemodynamics and postoperative cognitive…

28.	Zhang CY, Yang YS, Pei MQ, et al. The Association of Cerebral Oxygen 
Desaturation with Postoperative Cognitive Dysfunction in Older 
Patients: A Review. Clin Interv Aging. 2024;19:1067–78. http://doi.
org/10.2147/CIA.S462471

29.	Edipoglu IS, Celik F. The Associations Between Cognitive Dysfunction, 
Stress Biomarkers, and Administered Anesthesia Type in Total Knee 
Arthroplasties: Prospective, Randomized Trial. Pain Physician. 
2019;22(5):495–507.

30.	Uysal S, Lin HM, Trinh M, Park CH, Reich DL. Optimizing cerebral 
oxygenation in cardiac surgery: A randomized controlled trial 
examining neurocognitive and perioperative outcomes. J Thorac 
Cardiovasc Surg. 2020;159(3):943–53 e3. http://doi.org/10.1016/j.
jtcvs.2019.03.036

31.	Treder-Rochna N, Witkowska MA. Neuropsychological consequences 
of covid-19: current approach and clinical recommendations. Acta 
Neuropsychologica. 2024;22:107–28.

32.	Aknin LB, De Neve JE, Dunn EW, et al. The neurological consequences 
of contracting COVID-19. Acta Neuropsychologica. 2021;19(3):301–5.

33.	Ardellier FD, Baloglu S, Sokolska M, et al. Cerebral perfusion using 
ASL in patients with COVID-19 and neurological manifestations: 
A retrospective multicenter observational study. J Neuroradiol. 
2023;50(5):470–81. http://doi.org/10.1016/j.neurad.2023.01.005

34.	Abdel Moneim A, Radwan MA, Yousef AI. COVID-19 and 
cardiovascular disease: manifestations, pathophysiology, vaccination, 
and long-term implication. Curr Med Res Opin. 2022;38(7):1071–9. 
http://doi.org/10.1080/03007995.2022.2078081

35.	Rundshagen I. Postoperative cognitive dysfunction. Dtsch Arztebl Int. 
2014;111(8):119–25. http://doi.org/10.3238/arztebl.2014.0119

36.	Monk TG, Weldon BC, Garvan CW, et  al. Predictors of cognitive 
dysfunction after major noncardiac surgery. Anesthesiology. 
2008;108(1):18–30. http://doi.org/10.1097/01.anes.0000296071.19434.1e

AAEM Annals of Agricultural and Environmental MedicineONLINE FIRST

ONLINE FIRST

ONLINE FIRST

ONLINE FIRST


	_Hlk75760056
	OLE_LINK4
	OLE_LINK9
	OLE_LINK6
	OLE_LINK8
	OLE_LINK7
	OLE_LINK10
	OLE_LINK11
	OLE_LINK21
	OLE_LINK12
	OLE_LINK13
	OLE_LINK22
	OLE_LINK65
	OLE_LINK66
	OLE_LINK1
	OLE_LINK2
	OLE_LINK67
	OLE_LINK76
	OLE_LINK5
	OLE_LINK3
	OLE_LINK18

