CHAPTER ¢

Devices Displaying EEG and Their Use in
Anesthesia

Ayca Tas Tuna!

9.1. Introduction

EEG monitoring in anesthesia has gained substantial importance in recent
years, as it allows for the objective assessment of consciousness, optimization of
anesthetic depth, and reduction of intraoperative awareness risk [1]. However,
traditional multichannel EEG systems can be overly complex and time-
consuming for routine anesthesia practice.

For this reason, simplified and anesthesia-specific processed EEG (pEEG)
devices with reduced channel configurations have been developed and are now
widely used in clinical practice.

9.2. Bispectral Index Monitor

The bispectral index (BIS) monitor is a technology that pEEG signals and
generates an index value between 0 and 100, allowing for the objective assessment
of anesthetic depth. The BIS algorithm analyzes the time-, frequency-, and phase-
related components of EEG waveforms to identify parameters that correlate
with the level of consciousness. A value of 100 reflects full wakefulness, 40—60
corresponds to an appropriate depth of surgical anesthesia, and 0 indicates
complete electrical silence of the brain [2] (Figure 9.1). BIS monitoring enables
clinicians to titrate anesthetic drug doses more precisely, potentially reducing
unnecessary drug administration and shortening recovery time.
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Figure 9.1. Bilateral Bispectral Index (BIS)-VISTA monitoring of cerebral
hypoperfusion in patients with carotid artery stenosis undergoing coronary artery
bypass surger
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Note. From El-Morsy, G. Z. (2011). Bilateral Bispectral Index (BIS)-VISTA monitoring of cerebral
hypoperfusion in patients with carotid artery stenosis undergoing coronary artery bypass surgery.
Egyptian Journal of Anaesthesia, 27[4], 233-240.

The largest and most well-known study on BIS is the B-Aware Trial. In this
prospective, randomized, double-blind, multicenter study published by Myles
et al. in 2004 (=2,463 high-risk patients), the incidence of awareness in the
BIS-guided anesthesia group was reduced by 82% compared with the group
managed using clinical signs alone (2 cases vs 11 cases; p = 0.022) [3].

A 2019 Cochrane meta-analysis (52 RCTs, 41,331 patients) reported
that BIS-guided anesthesia reduced the incidence of awareness from 9/1000
(clinical signs) to 3/1000, and also shortened recovery times [4]. One of the
most recent analyses, by Cheriyan et al., found that BIS use approximately
halved the incidence of awareness, although the reduction was not statistically
significant; however, BIS was associated with shorter extubation time and time
to eye opening [5].

Opverall, the literature suggests that BIS may be particularly useful in total
intravenous anesthesia and high-risk patient populations to reduce awareness
risk, while its superiority over end-tidal anesthetic gas-guided management in
cases using volatile anesthetics remains less clear.

9.3. SedLine
SedLine (Masimo, USA) is an advanced EEG-based brain monitoring

system designed primarily to assess the level of consciousness during anesthesia.
The system uses four frontal EEG electrodes placed on the forehead to collect
simultaneous bilateral hemispheric data and processes these signals to generate
a 0-100 index called the Processed EEG Index (PSi). High PSi values indicate
wakefulness, whereas values between 25 and 50 reflect an adequate depth of
surgical anesthesia (Figure 9.2).
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Figure 9.2. SedLine monitor

Note. A) Real-time 4-channel EEG recordings obtained from the left and right frontal regions; (B)

Percentage of EMG interference displayed numerically and graphically; (C) Patient State Index (PSI), a

proprietary numerical index developed by Masimo Inc.; (D) Burst Suppression Ratio (BSR) expressed as

a percentage; (E) Percentage of artefact contamination; (F) SEF95 values from the left and right frontal

regions; (G) Density Spectral Array (DSA) from the left (top) and right (bottom) frontal areas, with

the white line indicating the spectral edge frequency (SEF95). EEG: electroencephalography, EMG:
electromyography, PSI: Patient State Index, BSR: burst suppression ratio, SEF: spectral edge frequency,

DSA: density spectral array From Yuan I, Xu T, Kurth CD. Using electroencephalography (EEG) to

guide propofol and sevoflurane dosing in pediatric anesthesia. Anesthesiol Clin. 2020;38:709-25. doi:

10.1016/j.anclin.2020.06.007.

In addition, SedLine provides real-time visual tools such as the Density
Spectral Array (DSA) and bilateral frontal EEG waveforms, enabling clinicians
to evaluate the frequency and amplitude distribution of brain activity. This allows
anesthesiologists to easily track hemispheric asymmetry, burst-suppression ratio,

and waveform transitions throughout anesthesia.

The literature suggests that SedLine may be beneficial for reducing
postoperative delirium risk in elderly patients and for enabling individualized
anesthesia management. However, its effectiveness in preventing intraoperative
awareness appears less definitive when compared with other depth-of-anesthesia
monitors such as BIS [1, 6].

A particularly significant large-scale trial related to SedLine is the ADAPT-2
(Anesthetic Depth and Postoperative Delirium Trial). This randomized
controlled study evaluated surgical patients aged > 65 years and demonstrated

87



EEG in Anesthesia and Brain Protection

that maintaining a PSi value above 35 significantly reduced intraoperative
EEG suppression time. In the intervention group (n = 204, mean age 72 + 5),
suppression time relative to total surgical duration was 1.4%, compared with
2.5% in the control group (median difference -0.8%; p = 0.02). However,
postoperative delirium incidence did not significantly differ between groups

(17% vs 20%, RR = 0.85; 95% CI: 0.47-1.5) [7].

Additionally, in a prospective study involving 255 patients, where SedLine
PSi and DSA—guided multiparametric EEG monitoring was used during carotid
endarterectomy, the incidence of postoperative delirium was significantly
lower in the SedLine-guided group (7.87%) compared with the control group
(28.91%, p < 0.01) [8].

Taken together, these high-quality and controlled studies indicate that
SedLine monitoring—particularly when guided by PSi and DSA parameters—
can reduce EEG suppression and may potentially decrease the risk of
postoperative delirium, especially in vulnerable patient populations.

9.4. Entropy Monitor
The Entropy monitor (GE Healthcare, Finland) is an EEG-based depth-of-

anesthesia device designed to evaluate the level of consciousness by analyzing
cerebral electrical activity during anesthesia. The system collects EEG and
frontal EMG signals through electrodes placed on the forehead and applies
time—frequency analysis to generate two indices: State Entropy and Response
Entropy.

* State Entropy: Ranges from 0 to 91 and reflects the level of consciousness
based solely on EEG activity.

* Response Entropy: Ranges from 0 to 100 and incorporates both EEG
and EMG components, allowing detection of rapid responses to surgical
stimulation.

For surgical anesthesia, SE values between 40-60 are typically targeted,
with RE maintained close to—or slightly above—SE values. Compared with
other depth-of-anesthesia monitors such as BIS, the entropy monitor has been
reported to provide more sensitive alerts in conditions where muscle activity is
prominent (e.g., facial surgery, inadequate neuromuscular blockade). Studies
have also suggested that entropy-guided anesthesia may reduce anesthetic drug
consumption and shorten recovery times [9,10].

In a meta-analysis by He et al. , the use of entropy monitoring in general
anesthesia was associated with improved quality of postoperative recovery and
accelerated early recovery, with significant benefits reported in parameters such
as time to awakening and anesthetic consumption. The analysis also highlighted
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potential advantages including reduced duration of deep anesthesia, decreased
complication risk, and improved patient comfort [11].

However, the authors emphasized that interpretation of these results
requires caution due to heterogeneity in patient populations and anesthetic
protocols. They concluded that further large-scale randomized controlled trials
are needed to strengthen the evidence base for the clinical application of entropy
monitoring.

9.5. Narcotrend Monitor

The Narcotrend monitor is an EEG-based anesthesia depth monitoring device
developed primarily to assess the hypnotic level during anesthesia. Originally
designed to classify sleep stages, its algorithm was later adapted for use in anesthesia.
EEG signals obtained from electrodes placed on the forehead are processed by
the device and converted into a classification system ranging from stage A (fully
awake) to stage F (deep anesthesia), with further subdivision into sub-stages. In
addition, the device generates a numerical score called the Narcotrend Index
(0-100). Similar to BIS, this index provides higher values during wakefulness
and lower values during deep anesthesia. The literature suggests that the use of
Narcotrend may reduce anesthetic agent consumption, shorten recovery times,
and facilitate individualized anesthesia management [12].

One of the largest studies conducted on Narcotrend was a randomized
controlled trial by Zhang et al. In this study, 750 patients were randomized into
two groups: anesthesia guided by Narcotrend monitoring and standard clinical
management. In the Narcotrend group, propofol and sevoflurane consumption
were significantly lower, and spontaneous eye-opening and extubation times were
shorter (p < 0.05). However, no significant differences were observed between
the groups regarding postoperative complications or intraoperative awareness
[13]. Smaller randomized controlled trials conducted in different surgical
populations have similarly reported improvements in anesthetic consumption
and recovery times. However, results regarding its superiority compared to other
monitoring modalities such as BIS or entropy remain heterogeneous.

9.6. Cerebral State Monitor (CSM)
The Cerebral State Monitor (CSM), developed by the Denmark-based

company Danmeter, is an EEG-based depth-of-anesthesia monitoring device
designed to objectively assess the hypnotic level during anesthesia and reduce the
risk of intraoperative awareness. The system records EEG signals via disposable
electrodes placed on the forehead and converts them into a numerical score
called the CSI, ranging from 0 to 100. A CSI value between 40 and 60 is
considered the recommended range for adequate surgical anesthesia.
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The device’s algorithm analyzes EEG waveform complexity and energy
distribution across various frequency bands through time—frequency and
bispectral analyses, similar to the BIS algorithm. CSM can also display additional
parameters such as Burst Suppression Ratio and EMG levels.

In the literature, CSM has been reported to show strong correlation with
BIS, the most widely used depth-of-anesthesia monitor. It may facilitate dose
titration of agents such as propofol and sevoflurane, reduce anesthetic drug
consumption, and shorten recovery time [14,15]. However, compared with
BIS, clinical data on CSM remain more limited, and the number of large-scale
randomized controlled trials is relatively small.

9.7. qCON Monitor

The qCON Monitor (Quantium Medical, Spain) is an EEG-based depth-of-
anesthesia device designed to provide a numerical assessment of hypnotic depth
during general anesthesia. EEG signals obtained from four frontal channels are
analyzed using advanced signal-processing algorithms to generate the qCON
index, which ranges from 0 to 100. A value of 100 indicates wakefulness, 40—
60 corresponds to an adequate depth of surgical anesthesia, and 0 represents
complete suppression of electrical brain activity.

The qCON algorithm evaluates both slow-wave components (delta—theta)
and fast-wave components (alpha—beta) while employing sophisticated filtering
techniques to minimize the influence of noise and muscle activity. The device
also provides an analgesia-related index called gNOX, which estimates the
likelihood of a motor response to surgical stimulation by jointly analyzing EEG
and EMG signals.

One of the largest studies on qCON is a prospective, multicenter validation
trial conducted by Jensen et al., which evaluated more than 600 patients. The
study found that qCON values showed a strong correlation with the clinical
level of hypnosis during propofol and sevoflurane anesthesia (Spearman r ~
0.82) [16].

In a randomized controlled trial by Bonhomme et al. (n = 366), anesthesia
guided by qCON and qNOX significantly reduced anesthetic drug consumption
and shortened recovery times compared with standard clinical management
[16]. However, no significant difference was found in awareness incidence or
long-term cognitive outcomes.
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