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Abstract
Objective: To investigate the correlation between PSI, SEF and ETSEV in patients undergoing general anesthesia. 

Methods: In this study, 26 general anesthesia patients [11 males and 15 females, aged 21-70 years, ASA I-III] underwent 
lower extremity orthopedic surgery were selected. PSI, SEF, and ETSEV were recorded by Sedline brain function monitor 
and PHILIPS MP20 monitor, respectively, and the difference between SEF-L and SEF-R ΔSEF was calculated. Spearman 
correlation analysis was used for the correlation between PSI, SEF and ETSEV, and Bland-Altman was used to analyze the 
consistency of SEF-L and SEF-R.

Results: Spearman correlation analysis showed that PSI [r=-0.401, P=0.001], SEF-L [r=-0.705, P=0.000], and SEF-R [r=-
0.635, P=0.000] were all negatively correlated with ETSEV, and SEF was more strongly correlated with ETSEV compared 
to PSI. Bland-Altman analysis showed that there were 2 points outside the limits of agreement between SEF-L and SEF-R, 
and SEF-L remained in agreement with SEF-R. 

Conclusion: Under sevoflurane-maintained general anesthesia, SEF was more responsive to intraoperative depth of 
anesthesia changes in patients, and left and right brain SEF remained consistent.
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1. Introduction
Intraoperative awareness is a serious complication of general 
anesthesia, and efforts should be made to avoid it. Currently, 
clinical depth of anesthesia monitoring is mostly performed 
by using Bispectral index [BIS], auditory evoked potentials 
[AEP], anesthesia trend index [NI] and patient status index 
[PSI] to prevent intraoperative awareness [1, 2]. However, 
both BIS, AEP, NI, and PSI have large variability, and some 
studies have concluded that the above methods of anesthesia 
depth monitoring have many interfering factors and delayed 
display of EEG index data, so the anesthesiologists can judge 
the depth of anesthesia only by the above methods are not 
completely reliable [3, 4]. 

At present, the spectral edge frequency [SEF] displayed by 

the new brain function monitor is the result index after the 
computer frequency domain analysis processing, and also 
can display the patient’s original brain wave data. It can 
better reflect the sedative effect of anesthetic drugs and in-
traoperative maintenance of anesthetic depth, and has good 
correlation with the blood concentration of many anesthet-
ic drugs and intraoperative anesthetic depth [5]. Therefore, 
this study intends to investigate and compare the correlation 
between the state index and spectral rim frequency and the 
change of sevoflurane concentration at the end of expiration, 
as well as to analyze the consistency of the left and right 
brain rim frequencies for clinical reference.

2. Materials and Methods
2.1.  General Information: 
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This study was approved by the hospital ethics committee 
and the patient or authorized family signed an informed con-
sent form. Patients undergoing lower limb orthopedic sur-
gery under general anesthesia from July 2020 to July 2021 
at the Second Affiliated Hospital of Guangzhou University of 
Traditional Chinese Medicine - Guangdong Provincial Hospi-
tal of Traditional Chinese Medicine, who required continuous 
intraoperative EEG monitoring, were selected, regardless of 
gender, aged 21-70 years, and ASA class I-III. Exclusion cri-
teria: emergency surgery, cardiothoracic surgery, neurosur-
gery and brain surgery, patients with a history of psychiatric 
disorders, brain disorders.

2.2. Anesthesia Method
BP, ECG, SpO2, and EEG were monitored after admission. 
Anesthesia induction: anesthesia was induced with sevo-
flurane. After 10min of baseline [awake] recording, the con-
centration of end-expiratory sevoflurane was increased and 
gradually increased to subanesthesia [1.1%], general anes-
thesia [2.1%], and deep anesthesia [2.8%]. After induction, 
endotracheal intubation was performed under visual laryn-
goscope. Anesthesia maintenance: the depth of anesthesia 
was still maintained with sevoflurane at 1.1% to 2.8% con-
centration before surgical resection. After surgical resection, 
sevoflurane at 1.1% to 2.8% concentration and reifentanil 
at 0.1-0.2ug/kg/min. Propofol 2.0-3.0mg/kg/h, Sufentanil 

[0.5ug/kg] and rocuronium bromide [0.1mg/kg] were added 
according to surgical requirements.

2.3. Observation Indicators 
ETSEV, PSI and SEF from anesthesia induction to incision.

2.4. Statistical Analysis
SPSS 25.0 statistical software was used for statistical anal-
ysis. The measurement data of normal distribution were 
expressed as mean ± standard deviation, the measurement 
data of skewness distribution was expressed as median 
[interquartile], and the count data was expressed as rate. 
Spearman correlation analysis was used for the correlation 
between PSI, SEF and ETSEV, and Bland-Altman was used to 
analyze the consistency of SEF-L and SEF-R. P<0.05 was con-
sidered statistically significant.

3. Results
The study finally included 26 patients undergoing general 
anesthesia for elective lower extremity orthopedic surgery, 
of which 10 patients had complete PSI, SEF, and ETSEV at 
the time of anesthesia induction to surgical skin incision, 
and the correlation analysis of PSI, SEF, and ETSEV and the 
concordance analysis of SEF-L and SEF-R were performed on 
the data of the 10 patients. The general conditions of the pa-
tients were as follows [Table 1].

Table 1  Demographic data

Variable
age 62±10.75
gender male 42.3%

female 57.7%
comorbidity non 61.5

hypertension 34.6%
diabetes 3.9%

operation type TKA 65.4%
KA 15.4

THA 3.9%
LTS 15.3%

*The continuous normal distribution variables were expressed as mean ± standard deviation, and the continuous skew-
ness distribution data were expressed as median (interquartile distance). Binary variables are expressed as rates.

Spearman’s correlation analysis showed that PSI, SEF-L, and SEF-R were all correlated with ETSEV, and SEF was more strong-
ly correlated with ETSEV compared with PSI [Table 2].

Table 2: Spearman correlation analysis

Variable r p
PSI -0.401 0.001
SEF-L -0.705 0.000
SEF-R -0.635 0.000
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Scatter plot of PSI, SEF-L, SEF-R and ETSEV correlation [Fig-
ure 1, Figure 2, Figure 3].

Figure 1: Scatter plot of PSI and ETSEV correlation

Figure 2: Scatter plot of SEF-L and ETSEV correlation

Figure 3: Scatter plot of SEF-R and ETSEV correlation

Bland-Altman analysis showed that there were 2 points out-
side the limits of agreement between SEF-L and SEF-R, and 
SEF-L remained in agreement with SEF-R [Figure 4].

Figure 4: Consistency test of SEF-L and SEF-R

4. Discussion
The human brain cells can carry out spontaneous, rhythmic, 
and comprehensive electrical activity. The waveform gener-
ated by recording the potential of this electrical activity over 
time is called an electroencephalogram [EEG] [6, 7]. The den-
drites of pyramidal neurons in the cerebral cortex are paral-
lel to each other and perpendicular to the cortical surface, 
thus facilitating the generation of a large local potential field 
that can be measured through the skull and scalp, which is 
the EEG displayed on the brain function monitor in the clinic 
[8, 9]. EEG data on the scalp shows the status of the cerebral 
cortex and subcortical structures, so anesthesiologists also 
often use EEG monitoring to understand the changes in in-
traoperative brain status, and EEG data also showed changes 
in the depth of anesthesia [10-12]. The Patient State Index 
PSI and SEF are also used clinically to monitor the depth of 
anesthesia intraoperatively.

Human brain cells can carry out spontaneous, rhythmic and 
comprehensive electrical activity. The wave pattern generat-
ed by recording the change of the potential of this electrical 
activity over time is called electroencephalogram [EEG] [6, 
7]. The dendrites of pyramidal neurons in the cerebral cor-
tex are parallel to each other and perpendicular to the cor-
tical surface, thus facilitating the production of a large local 
potential field that can be measured by the skull and scalp, 
which is the EEG shown on a clinical brain function monitor 
[8, 9]. EEG data on the scalp show the state of the cerebral 
cortex and subcortical structures, so anesthesiologists often 
use EEG monitoring to understand changes in the state of 
the brain, and EEG data also showed changes in the depth of 
anesthesia [10-12]. Currently, patient status index [PSI] and 
spectral margin frequency [SEF] are also used to monitor the 
depth of anesthesia during surgery. 

The results of this study showed that PSI and SEF both 
changed with ETSEV. As the ETSEV increased, the values of 
SEF and PSI decreased, suggesting deeper anesthesia and a 
negative linear regression relationship with both ETSEV. The 
results of this study demonstrated that PSI and SEF can re-
spond to the role of the anesthetic drug sevoflurane in intra-
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operative sedation and maintenance of depth of anesthesia, 
providing clinical reference for anesthesiologists.

The PSI is only an EEG result generated after time-domain 
analysis. The PSI ranges from 0-100, and fluctuations in the 
range of 25-50 are generally normal, so it is possible to as-
sess the depth of anesthesia to some extent. However, some 
studies have been shown that this monitoring index is sus-
ceptible to the influence of age and brain development, espe-
cially in pediatric patients where the value fluctuates widely 
and is prone to delay [13, 14]. Therefore, in some specific 
patients this value does not better reflect the patient’s depth 
of anesthesia.

The SEF is the result of frequency domain analysis on the 
basis of the original EEG, responding to 95% of the patient’s 
total EEG power below a certain frequency value. Compared 
to the original EEG, SEF simplifies the form of power varia-
tion of various waves in the range of 0-30 Hz. The smaller the 
value of SEF suggests that 95% of the total EEG power is con-
centrated in the low-frequency region and the depth of an-
esthesia deepens, and vice versa [15, 16]. It has been shown 
that SEF is not influenced by age and brain development, can 
more accurately and visually reflect EEG changes, correlates 
with the blood concentration of various anesthetic drugs, 
and can better reflect the intraoperative role of anesthetic 
drugs in maintaining the depth of anesthesia [17, 18].

The results of this study showed that both SEF and PSI were 
negatively correlated with ETSEV, and the absolute value of 
the correlation coefficient was higher for SEF, demonstrat-
ing that SEF is more responsive to sevoflurane than PSI in 
maintaining depth of anesthesia. Meanwhile, the results of 
Bland-Altman consistency test showed that the SEF-L and 
SEF-R were consistent, indicating that there was no differ-
ence between the SEF of the left and right brain in indicat-
ing the depth of anesthesia of the patients, and both of them 
could reflect the sedative effect of sevoflurane.

However, there are some shortcomings in this study. Intra-
operative anesthesia depth monitoring is influenced by a 
variety of factors other than age and brain developmental 
status. And some special surgical patients, such as emer-
gency surgery, neurosurgical brain surgery or patients with 
psychiatric disorders, can also affect anesthesia depth, so 
such patients were excluded from this study. Also, the num-
ber of cases selected for inclusion in this study was small, 
and the sample size for statistical analysis as completed data 
was also small, which may cause a large error in the trial re-
sults. Furthermore, only patients with general anesthesia for 
lower extremity surgery were included in this study, and the 
type of surgery was relatively homogeneous, which may also 
lead to test bias

5. Conclusion
Under general anesthesia maintained by sevoflurane, SEF is 
more responsive to intraoperative anesthetic depth changes 

in patients than PSI, and the left and right brain SEFs remain 
consistent, which can provide a reference for clinical anes-
thesiologists to effectively monitor intraoperative anesthetic 
depth.
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