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Abstract
Recent years, researches on diagnosis of anesthesia status and postoperative recovery based on
electroencephalogram (EEG) signals have become increasingly popular. Bispectral index (BIS) is the
earliest and most effective indicator for monitoring the depth of clinical anesthesia, and the waveform of
intraoperative EEG can be displayed in real time. Excessive anesthesia and other conditions will cause
burst suppression (BS) of intraoperative EEG, which will prolong the operation time and ICU stay time,
and increase the incidence of postoperative delirium. This study analyzes the changes of intraoperative
BIS monitoring on real-time EEG waveform and spectrogram, the results showed that BIS can predict the
occurrence of EEG BS and then reduce the operation time and the incidence of postoperative delirium
through rational use of intraoperative drugs.

1 Introduction
Bispectral index (BIS) is a commonly used clinical indicator to measure the depth of anesthesia. It
obtains complex electroencephalogram (EEG) signals and analyzes the weighted sum of multiple sub-
parameters, that is, measures the linear components (frequency and power) and non-linear components
(phase and harmonics) of EEG, �t the mixed information of the power and frequency of the EEG into a
quantitative index through dual-frequency analysis, the result is processed as an integer and represented
by 0-100[1–3]. The display interface of the BIS monitor usually includes real-time BIS index, signal quality
index, forehead EEG waveform, BS ratio, EMG index, and forehead EEG spectrogram, etc.[4, 5]. These
graphics and parameters re�ect the patient’s brain state and level of consciousness during general
anesthesia, and have signi�cant reference value for the judgment of the depth of anesthesia[6]. However,
during surgery, anaesthetists usually control the dose administered by focusing on parameters such as
blood pressure, heart rate and BIS values, while ignoring the importance of the raw
electroencephalographic signal (qEEG). The real-time EEG waveforms and spectrograms displayed on the
BIS monitor interface are qEEG. Although they are less intuitive than BIS, they can fully re�ect the
patient’s anesthesia status, types and dosages of anesthetic drugs, and electrosurgical stimulation[7].
Therefore, in order to judge the patient’s anesthesia level more accurately, a clear understanding of the
expected qEEG pattern, as well as relevant knowledge of EEG waveforms and spectrograms is required. In
order to use qEEG as a monitoring indicator, the anesthesiologist should have the ability to carefully
analyze qEEG[8].

BS is a non-periodic EEG model in which high-amplitude slow waves (occasionally sharp waves)
alternate with suppressive brain electrical activity[9]. According to the amplitude of the wave, the brain
waves are divided into burst waves and suppressed waves. The duration of BS ranges from a few
seconds to a few minutes[10]. The phenomenon of BS occurs from time to time in clinical anesthesia.
Figure 1 shows normal EEG signal and BS signal within 10 seconds under general anesthesia, which were
intercepted by the EEG signal analysis software eeglab. BS does not occur during physiological sleep,
excessive anesthesia and age are the main factors leading to BS[11, 12]. The occurrence of BS decreases
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the metabolic rate of the brain. If BS occurs for a long time, it indicates that the patient is in a dangerous
physical state and will suffer from reduced body temperature and hypoxia[13].

The detection of BS has extremely important signi�cance in many aspects. Therefore, it is necessary to
accurately determine the occurrence of intraoperative EEG BS. The EEG waveform and spectrogram
respectively re�ect the patient’s state of consciousness from the time domain and frequency domain, and
can accurately detect and predict BS[14–16]. Anesthesiologists analyze and interpret qEEG through BIS,
which can improve the understanding of patients’ brain states during general anesthesia, control the
anesthesia dose, and reduce the occurrence of adverse prognosis. Recent studies have shown that
discontinuous brain electrical activity can also be observed in children under general anesthesia[17–19],
and BS occurs more in infants and young children[20]. This article analyzes the relationship between the
operation time, extubation time, ICU stay time, postoperative delirium (POD) and the duration of
intraoperative EEG BS in 30 pediatric liver transplant patients, and then explores the inner relationship
between intraoperative EEG BS and surgical quality and postoperative recovery. From the perspective of
EEG time domain and frequency domain, BIS can detect and predict EEG BS, thereby reducing the
incidence of BS and improving the quality of surgery.

The rest of this article is structured as follows. The second part introduces the methods and materials we
use. The third part discusses and analyzes the results. Finally, the fourth part summarizes and prospects
the research of this article.

2 Methods

2.1 Subjects selection
Thirty children with congenital biliary atresia, of either sex, aged 5 months to 2 years, with ASA grade I-III,
cardiac function grade I-III, and liver function Child-Pugh grade B or C, were selected for congenital biliary
atresia proposed for parental liver transplantation at Tianjin First Central Hospital from 2020 to 2021.
Children with second liver transplantation and those presenting with preoperative combined cardiac,
pulmonary, and renal failure, congenital heart disease, and congenital encephalopathy were excluded.
The study was approved by the Medical Ethics Committee of Tianjin First Central Hospital (ethics
number: 2016N0039KY) and registered for clinical trials in the US Clinical Trials Registry (date of �rst
registration:19/01/2017, registration number: NCT03024840). The written informed consent of all
participants obtained from parents or legal guardians. The basic information and clinical characteristics
of the 30 children are shown in Table 1 below.
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Table 1
Infant demographics and clinical characteristics

Demographics All infants

(N = 30)

BS occurred

(N = 20)

BS not occurred

(N = 10)

P-value

Male [%, (n)] 46.7 (14) 55.0 (11) 30.0 (3) 0.21

Age/months 7.2 (CI: 5.8–8.6) 7.6 (CI: 5.6–9.6) 6.5 (CI: 5.3–7.6) 0.66

Weight/kg 6.9 (CI: 6.4–7.4) 7.2 (CI: 6.4–7.9) 6.4 (CI: 5.9–6.9) 0.07

Duration of BS/min - 12.4 (CI: 7.4–17.4) - -

Operation time/h 10.0 (CI: 9.4–10.6) 10.2 (CI: 9.4–11.0) 9.7 (CI: 8.9–10.5) 0.65

Extubation time/h 4.8 (CI: 3.6-6.0) 5.5 (CI: 3.8–7.2) 3.4 (CI: 2.1–4.7) 0.39

ICU stay time/day 3.3 (CI: 2.5-4.0) 3.7 (CI: 2.6–4.7) 2.5 (CI: 1.8–3.2) 0.54

POD occurs [%, (n)] 36.7 (11) 45.0 (9) 20.0 (2) 0.19

CI: 95% Con�dence Interval

P < 0.05 considered statistically signi�cant

2.2 Anesthesia method
General anaesthesia was used and all patients were managed by the same anaesthetist. All children were
routinely fasted and fasted before surgery. After admission, non-invasive blood pressure, SpO2 and ECG
were monitored, peripheral venous access was opened, and sodium lactate glucose solution was infused
intravenously at a rate of 10–20 ml/(kg-h), and oxygen was administered by face mask. Intravenous
midazolam 0.10–0.15 mg/kg, etomidate 0.2–0.3 mg/kg, fentanyl 2–5 µg/kg and vecuronium bromide
0.08–0.12 mg/kg. after induction of anaesthesia, intra-oral intubation, mechanically controlled
ventilation, intraoperative oxygen concentration 30%-70% gas mixture, VT 8–10 ml/kg, I:E = 1.0:1.5,
respiratory rate 20–70%. 1.5, respiratory rate 20–24 breaths/min, airway pressure 18–25 cmH2O (1
cmH2O = 0.098 kPa). During maintenance of anesthesia, intravenous infusion of 1% propofol 9 to 15
mg/(kg-h) was administered, the end-expiratory concentration was maintained at 1.0–3.0%, atracurium
cisbenzosulfonate 0.12 mg/(kg-h), and intravenous fentanyl 1 to 3 µg/kg to maintain hemodynamic
stability. Maintain MAP 40–65 mmHg (1 mmHg = 0.133 kPa), HR 110–170 beats/min, SpO 295%-100%,
body temperature 35.5–37.5°C, and PETCO 235 − 45 mmHg (1 mmHg = 0.133 kPa). PETCO235 ~ 45
mmHg, prompt adjustment of respiratory parameters according to arterial blood gas analysis results.
Intraoperatively, mean arterial pressure (MAP) > 60 mmHg, CVP 6–8 mmHg, Hb > 80 g/L, urine output > 1
ml/(kg-h), and plasma transfusion according to coagulation.

2.3 Data Acquisition
The EEG signals were recorded throughout the operation using a conview depth-of-anesthesia monitor.
During data acquisition, the original EEG waveform and frequency spectrum were used to record the time
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and duration of EEG BS during the operation from the perspectives of time domain and frequency
domain respectively. The total length of the operation, the total duration with intubation, and the number
of days in the ICU were recorded postoperatively. For the assessment of postoperative delirium in
children, the Cornell Assessment of Pediatric Delirium (CAPD) was used to evaluate the postoperative
cognition and attention of children. CAPD consists of two parts: an evaluation scale and a behavioral
response reference table. The age stages correspond to different re�ection states. Two experienced
nurses evaluated the child for postoperative delirium every 12 hours. If one or more positive evaluations
were recorded in the medical record from day 1 to day 5 after surgery, the child was de�ned as an
occurrence Postoperative delirium.

2.4 Data Analysis
The EEG signals stored in the BIS were exported to a computer, all recorded EEG data were downsampled
to 500 Hz and the data band-pass �ltered to the 0.5–45 Hz frequency band, and manually remove the
data segment containing artifacts and noise caused by high-frequency electrotome etc. All EEG signals
were pre-processed for analysis using the EEGlab toolbox of Matlab. After obtaining the pre-processed
EEG signals, the duration of EEG BS throughout the procedure was recorded separately, and these
durations were summed so that each child with intraoperative BS corresponded to a total duration of BS,
and the relationship between the duration of intraoperative BS and the total duration of the procedure, the
total duration with intubation, and the number of days in the ICU was analysed. For the EEG time-domain
analysis, the occurrence of BS was detected by comparing the difference between normal EEG
waveforms and BS EEG waveforms. For the analysis on the frequency domain part of the EEG, the EEG
signals were intercepted for 10 s each in the 5 min and 1 min before the onset of BS, and the delta band
(1–4 Hz), theta band (4–8 Hz), alpha band (8–13 Hz), beta band (13–25 Hz) and gamma band (25–45
Hz) were compared in the two time periods power distribution and to explore the trend of the EEG signal
in the frequency domain before the onset of BS by comparing the spectral fringe frequencies during the
two time periods.

3 Result

3.1 The relationship between BS and perioperative indexes
Among the 30 children included in the trial, a total of 20 children had EEG BS during the operation, and
the number of occurrence and time of BS occurred in each child were different. There were 11 children
with postoperative delirium. Figure 2 shows the relationship between the duration of BS and various
clinical parameters. It can be seen from Fig. A that the operation time of liver transplantation is about 7–
13 hours, and the duration of BS per hour is linearly related to the operation time (r2 = 0.32). Therefore,
the prolonged presence of intraoperative EEG BS may have contributed to the relatively long duration of
the procedure.

Fig. B illustrates the relationship between length of stay in ICU and the duration of BS. It is common for
infants to stay in the ICU for 2–5 days after liver transplantation. The duration of BS is linearly related to
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the length of stay in ICU (r2 = 0.28). Similarly, prolonged EEG BS during the operation may increase the
number of days children stay in ICU.

Fig. C indicates the relationship between the postoperative intubation time and BS. Due to the long period
of operation and anesthesia for liver transplantation, after the operation, the anesthetic drugs are still
metabolized in the body. The child is under anesthesia and cannot breathe spontaneously. Mechanical
ventilation with intubation is required to maintain breathing. The tracheal intubation can be removed only
after the child is conscious and regaining spontaneous breathing. It can be seen from the �gure that the
child with intubation usually lasts 2–5 hours. When the EEG BS occurs at 0–22 minutes, the intubation
time increases with the increase of intraoperative BS; when the BS lasts more than 22 minutes, The
intubation time decreased with the increase of intraoperative BS. This result may be due to the small
sample size. The points on the vertical axis of Fig. A, Fig. B and Fig. C represent that the child’s EEG
signal did not appear BS during the entire operation.

Fig. D illustrates the relationship between the appearance of BS and the occurrence of postoperative
delirium. The mean duration of EEG BS in children without POD was 1.2 minutes, and the mean duration
of EEG BS in children with POD was 17.6 minutes. It can be seen that the time of intraoperative EEG BS in
children without POD was signi�cantly lower than that of children with POD, and the number of children
without POD and BS was also greater than that of children with POD but without BS. Therefore, by
studying the relationship between intraoperative EEG BS and perioperative indicators, long intraoperative
EEG BS time may increase the operation time and the number of days in the ICU, and it will also lead to
the occurrence of POD. Therefore, it is necessary to take measures during the operation to detect and
prevent BS in patients. In addition, one of the children who did not develop postoperative delirium had a
high duration of intraoperative EEG burst suppression. By comparing the infusion of each anesthetic drug
during surgery, it was found that due to this patient's large body weight, the dosage of propofol during
anesthesia was higher, at 15 mg/(kg·h). Since high doses of propofol have the effect of suppressing the
EEG and reducing the spectral edge frequency, the higher dosage of propofol may have contributed to the
high duration of intraoperative EEG burst suppression in this patient without developing postoperative
delirium.

3.2 Analyze and predict BS by EEG waveform and
spectrogram
For the detection of EEG BS, it can be judged by the waveform of the EEG signal displayed on the BIS
interface in the time domain. Figure 3 indicates the EEG of a child in three different situations during the
operation. Fig. A illustrates the EEG waveform under normal anesthesia. The EEG always maintains a
stable amplitude and frequency. At this time, the BIS value is 38 (the Ai index on the screen is similar to
BIS, and both can quantify the depth of anesthesia to a value of 0-100). Fig. B shows the waveform of BS
in EEG, where the �rst third is suppressed, the middle third is burst, and the last third is suppressed. The
frequency and amplitude of the burst state are high, while the frequency and amplitude of the
suppression state are low. The BIS value of this child when BS appeared was 31, which was lower than
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the BIS value under normal anesthesia. Fig. C indicates the EEG waveform when the patient fully enters
the suppressed state. At this time, the EEG waveform tends to be �at and approximate to a straight line.
The BIS value is 16, which proves that the child is deeply anesthetized. When a situation like Fig. C
occurs, the anesthesiologist needs to adjust the dose of the drug to stop the continuous suppression of
EEG.

The prediction of EEG BS can be judged by the power spectrum of the EEG signal displayed on the BIS
interface in the frequency domain. EEG signals of 10s are respectively intercepted 5minutes and 1minute
before BS, take the average value of the two signals, and the power spectrums obtained are shown in
Fig. 4 below. Fig. A shows the EEG spectrum 5 minutes before the occurrence of BS. It can be seen from
the �gure that the power of EEG is mainly concentrated at 0–15 Hz at this time. Fig. B indicates the EEG
spectrum 1 minute before the occurrence of BS. At this time, the power of EEG is mainly concentrated at
0–5 Hz, which is lower than the power 4 minutes before. In order to show the changes of EEG power in
the two periods more intuitively, we compared the edge frequencies of the spectrum of all children with
BS 5 minutes before the occurrence of BS, as shown in Fig. C. (Among the 20 patients with intraoperative
EEG BS, the number of occurrences per person was 1–3 times respectively, and the total number of all
was 33 times.) Within 5 minutes before the occurrence of BS, the frequency of the spectral edge
decreased continuously. Similarly, the change in EEG power spectrum can also be observed in Fig. 3B.

The biggest advantage of the spectrogram is that it can predict the occurrence of BS in advance, the BIS
value has not changed signi�cantly before the occurrence of BS. At this time, anesthetic intervention can
be used to avoid the occurrence of BS. Therefore, to perfectly predict the onset of BS, the trend of the EEG
spectrogram can be observed 5 min in advance. In addition, the anaesthetist can control the
administration of drugs by observing the change of the spectrogram on the BIS monitor interface, which
in turn reduces the operating time and the number of days the patient stays in the ICU, while avoiding the
onset of postoperative delirium.

4 Conclusion
This paper analyzes the relationship between intraoperative EEG BS and perioperative indexes, and
studies the predictive effects of EEG time domain and frequency domain signals on BS. Experimental
results indicate that BS may prolong the operation time and the number of days in the ICU of children
with liver transplantation, and even cause postoperative delirium. The real-time EEG waveform and
spectrogram displayed on the BIS monitor interface can analyze and predict BS. Anesthesiologists can
observe the changes in the patient’s EEG spectrum to rationally use drugs, improve the quality of surgery,
and reduce the occurrence of postoperative delirium.
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Figures

Figure 1

Normal EEG signal and BS signal within 10 seconds under general anesthesia. N-EEG represents normal
EEG signal and BS-EEG represents BS EEG signal. The BS signal shows suppression, burst and
suppression, the burst state is the high amplitude part, and the low frequency tends to be �at are in the
suppressed state.
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Figure 2

The relationship between BS and various indexes. (A) The relationship between BS per hour and the
length of surgery, the gray triangle represents the length of surgery for each child. (B) The relationship
between BS and the number of days in the ICU after the operation, the gray circle indicates the number of
days in the ICU. (C) The relationship between BS and the time with intubation, the gray diamond
represents the time with intubation. (D) The relationship between POD and BS duration. The red part is
the BS time distribution of children without POD, and the blue part is the BS time distribution of children
with POD. The horizontal line in the �gure represents the average of the BS duration of the two groups. 
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Figure 3

BIS interface display under three different conditions. (A) EEG under normal anesthesia. (B) EEG
waveform with BS. (C) EEG waveform with complete suppression.

Figure 4

Spectrum before BS. (A) EEG spectrum 5 minutes before the occurrence of BS. (B) EEG spectrum 1 min
before the occurrence of BS. (C) The edge frequencies of the spectrum 5 minutes before the occurrence
of BS.


