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Abstract

Objective
The monitoring of anesthetic depth based on electroencephalogram (EEG) derivation is not currently
adjusted for age. Here we analyze the in�uence of age factors on EEG characteristics.

Methods
Frontal EEG recordings were obtained from 80 adults during routine clinical anesthesia. The
characteristics of EEG with age and anesthesia were observed during four kinds of anesthesia.

Results
Relative slow wave power, relative delta power, absolute slow wave power, BIS value and approximate
entropy were statistically different in the adjacent anesthesia states (P < 0.05). Under very deep
anesthesia, the relative slow wave power increases linearly with age (R2 = 0.1802; P = 0.0001), the relative
delta power decreased linearly with age (R2 = 0.3587; P < 0.0001), the BIS value increased linearly with
age (R2 = 0.0986; P = 0.005), and the approximate entropy increases linearly with age (R2 = 0.0565; P = 
0.036). The relative slow wave power did not change in an age-dependent manner.

Conclusions
When using relative delta power, absolute slow wave power, BIS value and approximate entropy to
monitor the depth of anesthesia, the in�uence of age should be considered, However, when using relative
slow wave power, age should not be considered.

Background
Since researchers have found that the depth of anesthesia can be monitored noninvasively and reliably
by electroencephalogram (EEG) information [1], more and more indicators derived from EEG information
are used to monitor the depth of anesthesia [2 3]. Although these indicators bring great convenience to
judge the depth of anesthesia in clinic, they are not adjusted by age, which will lead to inaccurate
judgment of the depth of anesthesia and improper use of narcotic drugs [4]. EEG is formed by the
summation of postsynaptic potentials synchronously generated by a large number of neurons [5].
Therefore, the changes of electroencephalogram are most signi�cant during the initial development and
�nal aging of neurons. In fast-growing children, the in�uence of age on EEG has been signi�cantly
different at different anesthesia conditions [6 7]. However, in aging adults, previous publications only
described the change of EEG information with age at certain anesthesia conditions [8]. No one has
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studied the in�uence of age on EEG information at different anesthesia conditions, Therefore, it is
necessary to explore the in�uence of age factors on EEG information at different anesthesia levels in
adults, which is conducive to the use of EEG information to directly determine the depth of anesthesia in
adults or the development of instruments to monitor the depth of anesthesia in the future, In order to
achieve a more accurate judgment of the depth of anesthesia, and ultimately achieve the purpose of
accurate use of narcotic drugs to reduce neurotoxicity [9].

The purpose of this experiment is to verify the indicators that can be used to monitor the depth of
anesthesia in adults, and to explore the in�uence of age factors on EEG information at different
anesthesia states, so as to guide the adjustment of age factors at different anesthesia states when the
depth of anesthesia is determined by EEG information in the future.

Methods
Study population and anaesthetic procedure

This study was approved by the Medical Ethics Committee of the Second Hospital of Tianjin Medical
University and registered as a prospective trial in the Clinical Trial Registry (NCT04760028). Written
informed consent was obtained from all patients and/or their family prior to participation. Subjects
comprised 40 old adult patients (range, 65 years) and 40 young adult patients (range, 65 years), all of
whom were scheduled to atgo elective urological surgery. No patients had any clear neurological diseases
or senile dementia, airway di�culties or known or potential airway problems, and were receiving
medication.

According to the instructions, a bispectral index (BIS) sensor (Quatro sensor; Aspect Medical Systems,
Natick, MA) consisting of electroencephalographic electrodes was on the patient's forehead. The Quatro
sensor was connected to an A-2000 BIS® monitor (version 4.0; Aspect Medical Systems) and BIS
monitor-derived parameters and raw EEG data were continuously collected for o�ine analysis.
Anaesthesia was induced using propofol (1–2 mg kg− 1) combined with remifentanil which plasma target
concentration of 4 ng ml− 1 in Minto mode, facilitated by cisatracurium, and maintained using sevo�urane
and 40% oxygen, combined with remifentanil. Respiratory parameters were adjusted to maintain
normocapnia. Cisatracurium was administered to obtain su�cient muscle relaxation during surgery. In
the process to end anaesthesia, when the main operation procedure was completed, the end-tidal
concentration of sevo�urane was lowered from 1.4 minimum alveolar concentration (MAC, the minimum
alveolar concentration that prevents movement in 50% of patients exposed to surgical incision) to
0.7MAC and 0.3MAC in a stepwise manner [10], while maintaining remifentanil at the same concentration
as the induced concentration. Each target concentration was deliberately kept constant for 15 min,
ensuring that the end-tidal partial pressure of sevo�urane in the brain was in equilibrium with that in the
arterial blood [12]. Mean arterial blood pressure and heart rate were maintained at > 55 mmHg and > 45
beats min− 1, respectively, using phenylephrine and atropine as required.
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Data acquisition and calculation

Electrode impedance was checked every 5 min and maintained at < 5 kΩ throughout the study using the
A-2000 BIS monitor. The following time points were recorded: (1) The patient entered the room quietly
and closed his eyes for 5min. (2) Sevo�urane concentration reached 1.4MAC at the end of respiration and
remained stable for 15 minutes. (3) Sevo�urane concentration reached 0.7MAC at the end of respiration
and remained stable for 15 minutes. (4) Sevo�urane concentration reached 0.3MAC at the end of
respiration and remained stable for 15 minutes. The four time points were divided into four anesthetic
states, and 2- minute raw EEG segments was collected at each anesthetic state for off-line processing.
EEG segments were selected at four different states of anaesthesia: awake, light anaesthesia, deep
anaesthesia, and very deep anaesthesia.

The raw EEG was analyzed by MATLAB software, and the clean EEG within 0.1Hz-45Hz was obtained by
trapping, �ltering and manual denoising. For each segment, we calculated the mean value from the
chosen EEG data segments, to de�ne overall power, the relative and absolute slow wave (0.1Hz-1Hz),
delta (1Hz-3Hz), theta (3Hz-8Hz), alpha (8Hz-13Hz), beta (13Hz-25Hz) and gamma (> 25Hz) band powers,
as well as the parameters such as approximate entropy, permutation entropy and sample entropy.

Statistical analysis
SPSS and MATLAB software were used for data analysis. Results are expressed as arithmetic mean ± SD
for patient characteristics. Kolmogorov-Smirnov test among the four anesthetic states showed that the
index values of each measure at each anesthetic state were not normally distributed, so we used Kruskal-
Wallis test and multiple comparison test to estimate the signi�cant differences among the four
anesthetic states. The linear regression model between age and different anesthetic depth was
established by least square method. P < 0.05 was considered statistically signi�cant.

Results
Patient characteristics

Data was collected over a period of 6 months, from September 2020 until March 2021. During this period,
four patients changed their anesthetic regimen and dropped out, and 80 patients eventually completed
the trial. Patient characteristics are summarized in Table 1.
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Table 1
Patient characteristics for different age groups.

  Young patients Old patients

Patient characteristics 65years (N = 40) 65years (N = 40)

Age [years] 50 ± 5.22 72 ± 4.51

Gender [male / female] 19/21 20/20

BMI [kg/m^2] 24.34 ± 2.30 24.25 ± 3.02

Anaesthesia duration [min] 145 ± 5.60 150 ± 2.60

EEG changes related to level of anaesthesia

The relation between the relative power of the EEG and the state of anesthesia is shown in Figure. 1.
Relative slow wave power and relative delta power can distinguish different anesthetic states in any age
group. Relative theta power in any age group can only distinguish between deep anesthesia and very
deep anesthesia. Relative alpha power can only distinguish between light and deep anesthesia and
between deep and very deep anesthesia in the young group. Relative beta power can distinguish between
different anesthetic states in the old group and between awake and light anesthesia as well as between
light and deep anesthesia in the younger group. Relative gamma power can distinguish between different
anesthetic states in the young group, awake and light anesthesia as well as deep anesthesia and very
deep anesthesia in the old group.

The relationship between the absolute power of the EEG and the state of anesthesia is shown in Figure. 2.
Absolute slow wave power can distinguish between different anesthetic states in any age group. Absolute
delta power can distinguish between awake and light anesthesia, and between awake and light
anesthesia, deep anesthesia and very deep anesthesia in the young group. Absolute theta power can
distinguish between different anesthetic states in the younger group, between light and deep anesthesia
and between deep and very deep anesthesia in the old group. The absolute alpha power differed between
awake and light anesthesia and between light and deep anesthesia in both young and old groups. The
absolute beta power can distinguish between awake and light anesthesia in the younger group, and
between awake and light anesthesia, as well as between deep anesthesia and very anesthesia in the old
group. The absolute gamma power can distinguish between awake and light anesthesia in the younger
group, and between awake and light anesthesia and between deep and very deep anesthesia in the old
group.

The relationship between total power and BIS and the state of anesthesia is shown in Figure. 3. Total
power can distinguish between awake and light anesthesia in the younger group, and between awake and
light anesthesia and between deep and very deep anesthesia in the old group. The BIS value can
distinguish between different anesthetic states in any age group.
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The relationship between approximate entropy, permutation entropy, sample entropy and anesthesia is
shown in Figure. 4. Approximate entropy can distinguish different anesthetic states in any age group. In
any age group, the permutation entropy can distinguish between awake and light anesthesia and
between light and deep anesthesia. Sample entropy can distinguish between light and deep anesthesia
and between deep and very deep anesthesia in any age group.

Age-related EEG changes

The relation of the relative power of the EEG to age is shown in Figure. 5. The relative slow wave power
increased signi�cantly with age at very deep anesthesia (R2 = 0.1802; P = 0.0001). The relative delta
power decreased with age at both deep and deep anesthesia, and the decrease was most signi�cant at
very deep anesthesia (R2 = 0.3587; P < 0.0001). The relative alpha power decreased with age at deep
anesthesia and very deep anesthesia. The relative beta power increased with age at light anesthesia,
deep anesthesia, and very deep anesthesia, and the increase was most signi�cant at deep anesthesia (R2 
= 0.1678; P = 0.0001). The relative gamma power increased with age at very deep anesthesia.

The relation of EEG absolute power to age is shown in Figure. 6. The absolute delta power decreased with
age at deep anesthesia and very deep anesthesia, and the decrease was most signi�cant at very deep
anesthesia (R2 = 0.3634; P < 0.0001). the absolute theta power decreases with age at very deep
anesthesia. The absolute alpha power decreased with age at both deep anesthesia and very deep
anesthesia, and the decrease was most signi�cant at very deep anesthesia (R2 = 0.1704; P = 0.0001). The
absolute beta power decreases with age at very deep anesthesia. The absolute gamma power decreases
with age at very deep anesthesia.

The relationship between total power and BIS value and age is shown in Figure. 7. Total power decreases
with age at deep anesthesia and very deep anesthesia. The BIS value increases with age at very deep
anesthesia.

The relationship between approximate entropy, permutation entropy, sample entropy and age are shown
in Figure. 8. Approximate entropy increases with age at very deep anesthesia. Permutation entropy
increased signi�cantly with age at very deep anesthesia (R2 = 0.1942; P < 0.0001).

Discussion
In this study, the relative slow wave power, relative delta power, absolute slow wave power, the BIS value
and approximate entropy can be used to distinguish different anesthesia, but relative slow wave power,
the BIS value and approximate entropy increase with age at very deep anesthesia, relative delta power
decline with the age at very deep anesthesia. The relative slow wave power did not show age-dependent
changes in any of the anesthetic states observed.

The decreasing trend of absolute power with age re�ected in our experimental results is similar to the
previous experimental results [12]. Although the changing trend of absolute slow wave power in the resting



Page 7/16

state is different from the previous studies [13], this may be related to our different de�nition of the
awaking state. The change of relative beta power decreases with age, and the approximate entropy and
sample entropy increase with age, which is consistent with the previous results [14]. The difference
between this experiment and the previous experiments is that different anesthetic states are
distinguished in this experiment, and the trend of change is shown only when the anesthetic depth
reaches a certain level.

Our experimental results are explained as follows: As the body's aging, signi�cant changes have taken
place in the morphology of neurons in the brain [15–17], this change can be re�ected EEG information, but
the difference simply by aging, at normal circumstances may not be obvious, when the central nervous
system is affected by the anesthetic at the same time, weakening the brain's response to the anesthetic is
also changed [18 19], These age-induced changes are relatively magni�ed and appear more pronounced
on the EEG, but the age-induced changes are not identical across the frequency range of the EEG[20].

In this experiment, we distinguish different anesthetic states in adult patients to observe the in�uence of
age factors on EEG at each anesthetic state, which is the biggest innovation of this experiment. Since all
the data were collected during the operation, which is a de�ciency of this experiment, all the cases we
selected were of the same type of operation. Since our data were collected in clinical practice, we believe
that the results of the analysis can better re�ect the real clinical situation.

Conclusions
From this experiment, we can know that when choosing different EEG indicators to judge the depth of
anesthesia in clinical practice, it is necessary to consider whether these indicators are affected by age.
For example, when we monitor the depth of anesthesia using relative delta power, absolute slow wave
power, BIS value and approximate entropy, the in�uence of age factors should be considered. Age does
not need to be considered in monitoring the depth of anesthesia with relative slow wave power.

Abbreviations
EEG electroencephalogram

BIS bispectral index

MAC minimum alveolar concentration

Declarations
Acknowledgements

We are grateful to the team of Zhenhu Liang, M.D., (Institute of Electrical Engineering, Yanshan University
Qinhuangdao, China.), for supplying MATLAB software.



Page 8/16

Author Contributions

Feixiang Li: data collection, study design, data analysis and writing up of the �rst draft of the paper.
Yunchun Lu: study design, data collection, data analysis. Yaoyao Dang: data collection, data analysis.
Huiming Chen: data collection. Huanhuan Lv: data collection. Jian Sun: data collection.

Funding

No funding was received for preparation of this manuscript.

Availability of data and materials

The dataset generated and analyzed during the current study is available from the corresponding author
on reasonable request.

Ethics approval and consent to participate

This study was registered as a prospective trial in the Clinical Trial Registry (NCT04760028).

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References
[1] Bennett C, Voss LJ, Barnard JP, et al. Practical use of the raw electroencephalogram waveform during
general anesthesia: the art and science[J]. Anesth Analg, 2009;109: 539–50. doi:
10.1213/ane.0b013e3181a9fc38.

[2] Otto KA, Cebotari S, Ho�er HK, et al. Electroencephalographic Narcotrend index, spectral edge
frequency and median power frequency as guide to anaesthetic depth for cardiac surgery in laboratory
sheep[J]. Vet J,2012,191:354–359. doi: 10.1016/j.tvjl.2011.02.023. 

[3] Schultz A, Siedenberg M, Grouven U, et al. Comparison of Narcotrend Index, Bispectral Index, Spectral
and Entropy Parameters during Induction of Propofol-Remifentanil Anaesthesia[J]. J Clin Monit
Comput,2008,22:103–111. doi: 10.1007/s10877-008-9111-6.

[4] Hayashi K, Indo K, Sawa T. Anaesthesia-dependent oscillatory EEG features in the super-elderly[J]. Clin
Neurophysiol. 2020;131(9):2150-2157. doi: 10.1016/j.clinph.2020.05.027.



Page 9/16

[5] Hämäläinen M, Hari R, Ilmoniemi RJ et al. Magnetoencephalography—theory, instrumentation, and
applications to noninvasive studies of the working human brain[J]. Rev Mod Phys. 1993; 65: 413–97. doi:
10.1103/RevModPhys.65.413.

[6] Koch S, Stegherr AM, Mörgeli R et al. Electroencephalogram dynamics in children during different
levels of anaesthetic depth[J]. Clin Neurophysiol. 2017 Oct;128(10):2014-2021. doi:
10.1016/j.clinph.2017.07.417.

[7] Lee JM, Akeju O, Terzakis K et al. A Prospective Study of Age-dependent Changes in Propofol-induced
Electroencephalogram Oscillations in Children[J]. Anaesthesia. 2017 Aug;127(2):293-306. doi:
10.1097/ALN.0000000000001717.

[8] Werry C, Neulinger A, Eckert O et al. Age-related correlation between EEG parameters and depth of
anesthesia under propofol. Effect of fentanyl[J]. Anaesthesist. 1996 Aug;45(8):722-30. doi:
10.1007/s001010050304.

[9] Sinner B, Becke K, Engelhard K. General anaesthetics and the developing brain: an overview[J].
Anaesthesia. 2014 Sep;69(9):1009-22. doi: 10.1111/anae.12637.

[10] Aranake A Mashour GA Avidan MS. Minimum alveolar concentration: ongoing relevance and clinical
utility[J]. Anaesthesia. 2013 May;68(5):512-22. doi: 10.1111/anae.12168.

[11] Beekoo D, Yuan K, Dai S et al. Analyzing Electroencephalography (EEG) Waves Provides a Reliable
Tool to Assess the Depth of Sevo�urane Anesthesia in Pediatric Patients[J]. Med Sci Monit. 2019 May
30;25: 4035-4040. doi: 10.12659/MSM.915640.

[12] Purdon PL, Pavone KJ, Akeju O et al. The Ageing Brain: Age-dependent changes in the
electroencephalogram during propofol and sevo�urane general anaesthesia[J]. Br J Anaesth. 2015
Jul;115 Suppl 1(Suppl 1): i46-i57. doi: 10.1093/bja/aev213.

[13] Vlahou EL, Thurm F, Kolassa IT et al. Resting-state slow wave power, healthy aging and cognitive
performance[J]. Sci Rep. 2014 May 29;4: 5101. doi: 10.1038/srep05101.

[14] Schultz A, Grouven U, Zander I et al. Age-related effects in the EEG during propofol anaesthesia[J].
Acta Anaesthesiol Scand. 2004 Jan;48(1):27-34. doi: 10.1111/j.1399-6576.2004.00258. x

[15] Fjell AM, Westlye LT, Amlien I et al. High consistency of regional cortical thinning in aging across
multiple samples[J]. Cereb Cortex. 2009 Sep;19(9):2001-12. doi: 10.1093/cercor/bhn232.

[16] Raz N, Lindenberger U, Rodrigue KM et al. Regional brain changes in aging healthy adults: general
trends, individual differences and modi�ers[J]. Cereb Cortex. 2005 Nov;15(11):1676-89. doi:
10.1093/cercor/bhi044.



Page 10/16

[17] Fjell AM, Westlye LT, Grydeland H et al. Accelerating cortical thinning: unique to dementia or universal
in aging? [J]. Cereb Cortex. 2014 Apr;24(4):919-34. doi: 10.1093/cercor/bhs379.

[18] Hutt A, Longtin A. Effects of the anesthetic agent propofol on neural populations[J]. Cogn
Neurodyn. 2010;4: 37–59. doi: 10.1007/s11571-009-9092-2.

[19] Brown EN, Purdon PL. The aging brain and anesthesia. Curr Opin Anaesthesiol[J]. 2013
Aug;26(4):414-9. doi: 10.1097/ACO.0b013e328362d183.

[20] Kreuzer M, Stern MA, Hight D et al. Spectral and Entropic Features Are Altered by Age in the
Electroencephalogram in Patients under Sevo�urane Anesthesia[J]. Anaesthesia. 2020 May;132(5):1003-
1016. doi: 10.1097/ALN.0000000000003182. 

Figures

Figure 1
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Relationship between relative power of electroencephalogram and state of anesthesia. A: Relationship
between relative slow wave power and anesthetic status in the elderly and young groups. B: Relationship
between relative delta power and anesthetic status in the elderly and young groups. C: Relationship
between the relative theta power and the state of anesthesia in the elderly and young groups. D:
Relationship between the relative alpha power and the state of anesthesia in the elderly and young
groups. E: Relationship between relative beta power and anesthetic status in the elderly and young
groups. F: Relationship between the relative gamma power and the state of anesthesia in the elderly and
young groups.

Figure 2

Relationship between absolute power and state of anesthesia. A: Relationship between absolute slow
wave power and anesthetic state in the elderly and young groups. B: Relationship between absolute delta
power and the state of anesthesia in the elderly and young groups. C: Relationship between absolute
theta power and anesthetic state in the elderly and young groups. D: Relationship between absolute alpha
power and the state of anesthesia in the elderly and young groups. E: Relationship between absolute beta
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power and anesthetic status in old and younger groups. F: Relationship between absolute gamma power
and the state of anesthesia in the elderly and young groups.

Figure 3

Relationship between total power and BIS and the state of anesthesia. A: Relationship between the total
power and the state of anesthesia in the old and younger groups. B: Relationship between BIS and
anesthetic status in the old and younger groups.
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Figure 4

Relationship between approximate entropy, permutation entropy, sample entropy and anesthesia state. A:
Relationship between approximate entropy and anesthetic state in the old and younger groups. B:
Relationship between the permutation entropy of the elderly group and the young group and the state of
anesthesia. C: Relationship between sample entropy and anesthetic state in the old and younger groups.

Figure 5

Relative power changes with age at different anesthetic conditions. A: Changes in relative slow wave
power with age at four anesthetic conditions. B: Changes in relative delta power with age at the four
anesthetic conditions .C: Changes in relative theta power with age at the four anesthetic conditions. D:
Changes in relative alpha power with age at the four anesthetic conditions. E: Changes in relative beta
power with age at four anesthetic conditions. F: Changes in relative gamma power with age at the four
anesthetic conditions.
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Figure 6

Changes of absolute power with age at different anesthetic conditions. A: Changes in absolute slow wave
power with age at four anesthetic conditions. B: Changes in absolute delta power with age at the four
anesthetic conditions. C: Changes in absolute theta power with age at the four anesthetic conditions. D:
Changes in absolute alpha power with age at the four anesthetic conditions. E: Changes in absolute beta
power with age at the four anesthetic conditions. F: Changes in absolute gamma power with age at the
four anesthetic conditions.
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Figure 7

Total power, BIS and age change. A: Changes in total power with age at the four anesthetic conditions. B:
Changes in BIS with age at the four anesthetic states.

Figure 8
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Changes of approximate entropy, permutation entropy, sample entropy and age. A: Changes in
approximate entropy with age at four anesthetic states. B: Changes in permutation entropy with age at
the four anesthetic states. C: Changes of sample entropy with age at the four anesthetic states.


