
CHAPTER 6

Intraoperative Processed EEG 
Monitoring in Pediatric Anesthesia
Burçin Alaçam 1

6.1. Introduction

Processed ﻿electroencephalography (pEEG) has long been used to assess the 
depth of ﻿anesthesia in adult patients. However, in the pediatric population, 
age-dependent pharmacokinetic and pharmacodynamic differences related to 
ongoing ﻿neurodevelopment render pEEG interpretation age specific and require 
special attention during clinical application [1].

In pediatric patients, ﻿anesthetic management is commonly guided by 
titration based on vital signs and ﻿minimum alveolar concentration (MAC). 
Nevertheless, incomplete maturation of the central nervous system, differences 
in spinal reflex activity, and the prominent influence of subcortical structures in 
﻿children limit the reliability of dosing strategies based solely on these parameters. 
Therefore, direct monitoring of the brain—the final target organ of ﻿loss of 
consciousness—should be performed using pEEG [1].

6.2. Importance of Monitoring Anesthetic Depth in Pediatric 
Patients

In its 2020 analysis, the American Society of Anesthesiologists (ASA) 
recommended ﻿EEG monitoring as one of the fundamental organ monitoring 
modalities in the management of ﻿general ﻿anesthesia [2]. In adult studies, 
the use of ﻿processed EEG (pEEG) has been associated with several clinical 
benefits, including a reduction in the incidence of ﻿intraoperative ﻿awareness and 
hypotension, faster emergence and ﻿recovery times, and decreased anesthetic 
drug consumption [2].

In pediatric cases, appropriate anesthetic dosing is of critical importance 
for both maintaining hemodynamic stability and reducing the incidence of 
postoperative agitation and ﻿delirium. Inadequate ﻿anesthetic depth increases the 
risk of ﻿intraoperative ﻿awareness, which may lead to long-term psychological 
consequences in pediatric patients [3,4].
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The cardiovascular effects of anesthetic agents, as well as perioperative 
physiological changes such as hypo-/hypertension and brady-/tachycardia, may 
adversely affect neurodevelopmental outcomes and organ function in both the 
early and late postoperative periods [5,6]. Therefore, monitoring strategies 
based solely on vital parameters may result in wide interindividual variability 
in anesthetic dosing.

Studies have demonstrated that pEEG monitoring enables direct assessment 
of the effects of both inhalational and intravenous anesthetic agents on cerebral 
electrical activity [1,3]. With the increasing incidence of premature births and 
congenital anomalies, the ﻿frequency of neonatal surgeries has also risen, and in 
this vulnerable population, the administration of ﻿anesthesia at an appropriate 
depth has been emphasized as a determinant of neurodevelopmental outcomes 
and mortality [1,5–7].

Collectively, these findings indicate that objective monitoring of ﻿anesthetic 
depth and dosing in pediatric patients is a fundamental requirement for reducing 
morbidity, mortality, and long-term adverse neurodevelopmental outcomes.

6.3. Indications for the Use of pEEG in Pediatric Patients

Processed EEG–based monitoring has been increasingly utilized in ﻿pediatric 
﻿anesthesia practice since the early 2000s, becoming more widespread in 
routine clinical applications as experience has accumulated [1,4,8]. Although 
no standardized guidelines currently exist for pediatric patients, age- and 
﻿neurodevelopment-dependent pharmacodynamic differences suggest that pEEG 
may help bridge existing gaps in anesthetic dose titration.

Randomized studies have demonstrated that EEG-guided ﻿anesthesia 
management in ﻿children reduces anesthetic agent requirements, enables more 
accurate determination of age-related dosing needs, and supports hemodynamic 
stability [9,10]. In the pediatric brain, ongoing processes such as myelination, 
synaptogenesis, and network maturation—from the perinatal period through 
adolescence—directly influence EEG dynamics [11]. Consequently, EEG 
patterns during ﻿anesthesia and ﻿sedation exhibit age-specific variations, and pEEG 
interpretation must account for these neurodevelopmental differences [1].

Postoperative emergence ﻿delirium is a significant complication in pediatric 
patients, reported with an incidence ranging from 20% to 80%, and is 
characterized by impaired interaction with the environment, agitation, and 
behavioral disinhibition [4,12]. The literature suggests that intraoperative ﻿EEG 
monitoring may be effective in preventing this condition and can provide early 
warning signs during ﻿anesthetic management [13].
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6.4. Technical Challenges of pEEG Use

The application of pEEG monitoring in pediatric patients is associated with 
several technical and physiological limitations. Factors such as altered levels of 
consciousness during ﻿anesthesia, age, ﻿hypothermia, hypoglycemia, acid–base 
disturbances, preexisting brain pathologies, ischemic processes, or ﻿seizures may 
directly affect EEG signals and reduce the reliability of pEEG in reflecting true 
﻿anesthetic depth. In addition, anesthetic agents such as ﻿ketamine, nitrous oxide, 
and xenon do not produce typical EEG patterns; therefore, pEEG indices may 
not always accurately represent the actual depth of ﻿anesthesia [14].

The most common technical problem encountered in the pediatric population 
is high electrode impedance. Increased resistance at the electrode–skin interface 
can facilitate the intrusion of artifacts from surrounding electrical sources (e.g., 
ventilators, infusion pumps, warming devices, and lighting systems), thereby 
degrading ﻿signal quality [15]. Furthermore, difficulties in accurate electrode 
placement due to small electrode surface area and anatomical variability may 
lead to delayed monitoring initiation or the need for repeated measurements. 
These challenges are particularly pronounced in premature infants and may 
significantly limit the effectiveness of ﻿neuromonitoring in this vulnerable 
population [16].

6.5. Types of pEEG and Assessment of Anesthetic Depth
Approved commercial pEEG monitors for intraoperative ﻿EEG monitoring 

in pediatric patients include the ﻿Bispectral Index (BIS) system (Medtronic), 
﻿SedLine (Masimo), ﻿Narcotrend (MonitorTechnik), and M-﻿Entropy (GE 
Healthcare). These devices were originally developed using adult data and were 
later adapted for pediatric use by reducing sensor size and modifying hardware 
design [14]. pEEG values are numerical indices calculated using manufacturer-
specific algorithms. However, how these algorithms are adapted for pediatric 
patients and the extent to which they account for age-related neurodevelopmental 
changes remain unclear [9].

All of these systems aim to estimate ﻿anesthetic depth using numerical indices 
derived from EEG signals; however, algorithmic differences may affect age-
specific accuracy in the pediatric population. Therefore, ﻿clinical interpretation 
should always incorporate ﻿raw ﻿EEG waveforms and density spectral array (﻿DSA) 
data alongside numerical index values.

6.6. Effects of Anesthetic Agents on Pediatric pEEG
The effects of anesthetic agents used in the pediatric population on pEEG 

may differ from those observed in adults due to age-dependent brain maturation 
and pharmacodynamic variations.
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6.6.1. Sevoflurane

Sevoflurane is the most commonly used inhalational anesthetic agent 
in ﻿pediatric ﻿anesthesia. EEG findings have demonstrated dose-dependent 
predominance of slow-wave activity (delta and theta bands), while burst-
suppression patterns may be observed during ﻿deep ﻿anesthesia [17] (Figure 6.1).

Figure 6.1. EEG changes associated with ﻿sevoflurane exposure

Note. From Source: Constant C. et al., Anesthesiology 1999;91:1604–15.

However, pEEG indices are not reliable, particularly in infants younger than 
6 months, as these indices were developed based on adult data and do not reflect 
the characteristic features of the infant EEG [18]. In ﻿children older than 1 year, 
increasing ﻿sevoflurane concentrations are generally associated with a decrease in 
BIS values; however, at high doses, paradoxical increases in the index may occur 
due to ﻿epileptiform activity [19,20]. Figure 6.2 illustrates the EEG dynamics 
observed in a 2-month-old infant exposed to ﻿sevoflurane during laparoscopic 
inguinal hernia surgery.

Figure 6.2. ﻿EEG monitoring in a 2-month-old infant

Note. (A) During ﻿sevoflurane induction, the EEG waveform demonstrated EEG activity accompanied 
by 23% electromyographic (EMG) artifact; this finding was consistent with patient movement during 
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induction. (B) After intubation and prior to surgical incision, the EEG waveform exhibited isoelectric 
activity, indicating that the patient was under a very deep level of ﻿anesthesia. At this time, the ﻿Patient 
State Index (﻿PSI) was measured as 82 and was falsely elevated relative to the actual ﻿anesthetic depth. 
(C) During surgery, the inspiratory ﻿sevoflurane concentration was reduced to 0.5 MAC in an attempt 
to restore EEG activity. At this level, delta (red) and theta (green) ﻿frequency bands emerged. However, 
because the SEF95 value was only 6.8 Hz, the patient was still assessed to be under excessively ﻿deep 
﻿anesthesia. Consequently, the inspiratory ﻿sevoflurane concentration was further reduced to 0.35 MAC. 
(D) During extubation, ﻿EEG waveforms, ﻿DSA, and index values appeared similar to those observed in 
panel (C); however, the patient was moving at that time, and the end-tidal ﻿sevoflurane concentration 
was measured at less than 0.2%. Possible explanations for this finding include inaccurate sampling of 
alveolar concentration leading to falsely low measured ﻿sevoflurane values and/or a 6-minute equilibration 
delay between alveolar and brain concentrations, resulting in a higher actual brain concentration. Yuan 
I, Xu T, Kurth CD. Using ﻿electroencephalography (EEG) to guide ﻿propofol and ﻿sevoflurane dosing in 
﻿pediatric ﻿anesthesia. Anesthesiology Clinics. 2020;38(3):709–725.

6.6.2. Propofol

Propofol is the most commonly preferred agent for ﻿total intravenous 
﻿anesthesia (TIVA) in pediatric patients. pEEG parameters are not reliable in 
infants younger than 1 year; however, in ﻿children older than 1 year, BIS and 
SEF values change inversely with ﻿propofol concentration [21].

Because ﻿pediatric EEG contains higher-﻿frequency components compared 
with adult EEG, pEEG indices may yield falsely elevated values. This may create 
the impression of superficial ﻿anesthesia and lead to unnecessary administration 
of additional ﻿propofol [22]. Therefore, in pediatric cases, numerical index values 
should always be verified using ﻿raw ﻿EEG waveforms and density spectral array 
(﻿DSA) data [1] (Figure 6.3).

Figure 6.3. ﻿EEG monitoring changes observed during surgery under TIVA in a 
13-month-old infant

Note. (A) Prior to surgical incision, a ﻿propofol infusion of 192 µg/kg/min was administered. Analysis 
of ﻿EEG waveforms and ﻿DSA demonstrated a marked increase in power within the theta–delta bands 
(red band) and the ﻿alpha band (yellow band within the green band). SEF95 values were recorded as 
12.4/12.2 Hz, indicating an ﻿anesthetic depth appropriate for surgical intervention. (B) During the 
surgical procedure, ﻿EEG waveforms and ﻿DSA showed increased power in the ﻿alpha band (expanded 
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yellow band) and the beta band (bright green band located above the ﻿alpha band). At this stage, SEF95 
values were measured at 16.5/16.2 Hz, suggesting a superficial level of ﻿anesthesia. Accordingly, the 
﻿propofol infusion dose was increased by 10%. (C) During the surgical closure phase, the ﻿propofol 
infusion rate was reduced from 167 µg/kg/min to 100 µg/kg/min in preparation for emergence. ﻿EEG 
waveforms and ﻿DSA demonstrated prominent power in the ﻿alpha band (broad yellow band) and 
the beta band (green band above the yellow band). SEF95 values were recorded as 19.7/20.2 Hz, 
which was interpreted as indicating readiness for ﻿awakening. (D) After completion of surgery, ﻿propofol 
and remifentanil infusions were discontinued, and the patient was extubated in the operating room. 
EEG recordings obtained in the ﻿recovery area revealed patterns resembling natural sleep, with SEF95 
values measured below 5 Hz and increased power observed in the theta bands on the ﻿DSA. Yuan I, 
Xu T, Kurth CD. Using ﻿electroencephalography (EEG) to guide ﻿propofol and ﻿sevoflurane dosing in 
﻿pediatric ﻿anesthesia. Anesthesiology Clinics. 2020;38(3):709–725. From Source: Adam E. et al., PNAS 
2024;121(22):e2402732121.

6.6.3. Ketamine

Ketamine increases gamma oscillations through NMDA receptor blockade in 
cortical interneurons [23] (Figure 6.4). In ﻿pediatric EEG, this effect is generally 
similar to adult patterns; however, prolonged burst-suppression episodes may 
occasionally be observed [24]. Because pEEG indices do not show a meaningful 
decrease under ﻿ketamine, they do not reliably reflect the depth of ﻿hypnosis.

Figure 6.4. Increase in ﻿gamma activity on EEG following ﻿ketamine administration

6.6.4. Other Agents

﻿Midazolam and thiopental reduce BIS values during mild to moderate 
﻿sedation in pediatric patients but may not produce a significant change during 
deep ﻿sedation. ﻿Dexmedetomidine generates EEG patterns resembling stage 2 
natural sleep, characterized by increased alpha, beta, and theta activity. Isoflurane 
and desflurane, similar to ﻿sevoflurane, produce enhancement of delta–﻿alpha 
band power, with increasing delta dominance as anesthetic concentration rises 
[25] (Figure 6.5).
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Figure 6.5. ﻿EEG waveforms following midazolam premedication, thiopental 
induction, and ﻿sevoflurane maintenance

Note. EEG recording from a 6-year-old girl. (a) Baseline EEG recorded with eyes open, (b) beta activity 
following midazolam administration, (c) high-﻿amplitude delta waves after thiopental induction, and (d) 
mixed delta/theta/beta activity during maintenance of ﻿sevoflurane ﻿anesthesia. Nieminen K, Westerèn-
Punnonen S, Kokki H, Yppärilä H, Hyvärinen A, Partanen J. Sevoflurane anaesthesia in ﻿children after 
induction of anaesthesia with midazolam and thiopental does not cause epileptiform EEG. British 
Journal of Anaesthesia. 2002;89(6):853–856.

6.7. Effects of Age on Pediatric pEEG

Rapid brain development and myelination during the first year of life 
lead to marked changes in EEG patterns. During this period, ﻿EEG ﻿frequency 
bands evolve in an age-specific manner, and each developmental stage exhibits 
characteristic patterns [26].

EEG patterns during ﻿anesthesia are also highly age sensitive. In ﻿children 
younger than 1 year, the reliability of pEEG indices is limited because the 
power and ﻿frequency components of the EEG have not yet reached adult-like 
characteristics [18]. During the first 3 months of life, low-﻿frequency delta waves 
predominate, whereas theta and alpha oscillations become more prominent 
between 4 and 6 months of age. Frontal ﻿alpha activity is typically observed from 
approximately 6 months onward [27]. Because of these differences, particularly 
within the first year of life, interpretation of EEG under ﻿anesthesia should 
incorporate ﻿raw ﻿EEG waveforms together with density spectral array (﻿DSA) 
displays [1].

Studies have demonstrated that both ﻿sevoflurane- and ﻿propofol-induced 
alpha and beta oscillations emerge after approximately 5 months of age, but 
these ﻿frequency bands do not become consistent until 1 year of age [28]. 
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In ﻿children older than 1 year, a shift of EEG frequencies toward the slower 
delta band with increasing anesthetic doses is indicative of deep ﻿hypnosis. In 
contrast, an increase in ﻿spectral edge ﻿frequency suggests a more superficial level 
of ﻿anesthesia [28,29] (Figure 6.6).

Figure 6.6. Age-dependent density spectral array (﻿DSA) analyses under ﻿propofol 
and ﻿sevoflurane ﻿anesthesia

Note. From Source: Purdon PL et al., British Journal of Anaesthesia 2015;115(Suppl 1):i46–i57.

6.8. A Brief Overview of Pediatric pEEG and Emergence 
Agitation

Emergence agitation is a common problem in pediatric patients, particularly 
in cases involving volatile anesthetic agents such as ﻿sevoflurane, and it may occur 
at relatively high rates in young ﻿children. This condition poses a risk of self-
injury, complicates post-anesthetic care, and creates additional stress for both 
parents and healthcare providers. The development of ﻿emergence agitation is 
influenced by multiple factors, including age, anesthetic agents used, surgical 
characteristics, pain intensity, and environmental conditions. In recent years, 
the use of pEEG has been increasingly investigated in relation to this problem.

In a randomized controlled trial conducted by Han et al., ﻿anesthesia 
management guided by EEG parameters based on ﻿spectral analysis and ﻿raw 
EEG/density spectral array (﻿DSA) was shown to result in a significantly lower 
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incidence of ﻿anesthesia-related emergence ﻿delirium compared with conventional 
management [4]. Similarly, a study by Denman et al. demonstrated that BIS-
guided monitoring shortened ﻿recovery time and reduced agitation scores during 
the emergence period, while a randomized controlled trial by Miyasaka et al. 
reported that the incidence of emergence ﻿delirium decreased to as low as 14% 
in pediatric patients monitored with pEEG [8,30].

These findings highlight an important potential for improving the quality of 
emergence and reducing agitation. However, results in the literature are not always 
consistent. In a meta-analysis by Javed et al. evaluating pediatric patients managed 
according to EEG-guided protocols versus standard care, it was emphasized that the 
use of pEEG monitoring alone may yield heterogeneous outcomes. This variability 
was attributed to differences among ﻿EEG monitoring systems, neurophysiological 
differences across age groups, and the limited accuracy of pEEG algorithms—
particularly in ﻿children younger than two years of age. Therefore, pEEG should 
not be considered a standalone determinant for preventing ﻿emergence agitation in 
pediatric patients, but rather as a valuable adjunct for individualizing ﻿anesthetic 
depth and avoiding excessive ﻿anesthesia [31].

Further large-scale, well-designed clinical studies are still needed to clarify 
the role of pEEG in the prevention of ﻿emergence agitation in ﻿pediatric ﻿anesthesia.
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