CHAPTER 3

Burst Suppression and Interpretation of
Processed Electroencephalography

Burak Kaya!

3.1. Introduction

Accurate assessment of the patient’s hypnotic level during anesthesia is of great
importance for preventing intraoperative awareness and preserving cognitive
functions in the postoperative period [1,2]. Traditional clinical indicators such
as hemodynamic responses do not always reliably reflect the depth of anesthesia.
Therefore, monitoring methods based on electroencephalography (EEG), which
directly measure central nervous system activity, are increasingly being utilized
in anesthesia practice [3].

Interpreting raw EEG data requires expertise and can be time-consuming.
For this reason, recently developed processed EEG (pEEG) technologies enable
anesthesiologists to assess brain activity under anesthesia in a simpler, faster,
and more clinically interpretable manner [4]. Systems such as BIS, Entropy,
and Narcotrend convert complex EEG signals into numerical indices using
algorithms, thereby supporting the clinician’s decision-making process [5,6].

One of the key parameters provided by pEEG is burst suppression, a
characteristic EEG pattern that occurs during deep anesthesia, metabolic
depression, or severe brain injury. This phenomenon is critically important for
evaluating brain function not only during surgery but also in intensive care

applications [7].

3.2. Definition and Mechanism of Burst Suppression

3.2.1. Definition and EEG Characteristics

Burst suppression is defined as a typical EEG pattern characterized by
alternating high-voltage, polymorphic burst periods and low-voltage or
isoelectric suppression periods. Clinically, the suppression phase is usually a
silent interval longer than 0.5 seconds with an amplitude below +5 pV, whereas
the burst phase consists of brief, irregular but clearly discernible discharges.
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This cyclic structure can appear simultaneously across different cortical regions
and is most commonly observed during deep anesthesia, hypothermia, or severe
cerebral dysfunction.

In processed EEG (pEEG) systems, this pattern is quantified using the
Burst Suppression Ratio (BSR)—a parameter that represents the percentage
of time spent in the suppression phase during a specific period (typically 60
seconds). The value ranges from 0 to 100; higher BSR values indicate longer
suppression periods and thus deeper cerebral depression. Although BSR slightly
underestimates suppression duration compared with visual EEG analysis, it
provides quick and practical information, making it a valuable indicator for
anesthesiologists in clinical settings [8,9] (Figure 3.1).

Figure 3.1. Spectrogram and EEG Raw Traces
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Note. Suppression episodes during burst suppression in the spectrogram show as periods of blue, vertical
lines. Electroencephalogram trace showing burst suppression, burst of activity followed by interburst
periods of suppression (seen in the spectrogram from 1,250 to 2,000s). Electroencephalogram trace
showing oscillation/activity maintained under general anesthesia (seen in the spectrogram from 2,500
t0 3,500). From Pawar N and Barreto Chang OL (2022) Burst Suppression During General Anesthesia
and Postoperative Outcomes: Mini Review. Front. Syst. Neurosci. 15:767489.

3.2.2. Neurophysiological Mechanisms

Burst suppression arises from the interaction between cerebral metabolism
and neuronal network dynamics. In conditions such as deep anesthesia,
hypothermia, or hypoxic—ischemic injury, the cerebral metabolic rate decreases
significantly. As energy availability declines, ATP-sensitive potassium channels
open, leading to neuronal hyperpolarization and a transient period of electrical
silence (suppression). When energy balance is restored, neuronal activity returns
in clustered discharges, producing the burst phase. This cyclical pattern reflects
the oscillation between metabolic depression and recovery on EEG [10].
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Studies have shown that this phenomenon is not uniformly distributed
across the cortex; it may originate from local foci and then synchronize with
neighboring regions. Both animal and human studies have demonstrated the
involvement of thalamocortical networks in this process [11]. Therefore, burst
suppression is not merely a passive response of cortical neurons but a dynamic
outcome of large-scale brain network activity.

3.3. Clinical and Pathological Context

Burst suppression is most frequently observed during deep general anesthesia.
High doses of propofol or volatile anesthetics can rapidly induce this pattern.
Beyond anesthesia, it can also occur spontaneously in therapeutic hypothermia
protocols after cardiac arrest, during treatment of status epilepticus, or in cases
of severe hypoxic—ischemic brain injury. In such situations, the presence and
duration of burst suppression provide valuable prognostic information about
neurological outcomes [12].

3.3.1. Individual Susceptibility and the Effect of Age

The development of burst suppression varies among individuals. It is known
to occur more readily in elderly patients and those with reduced cerebral reserve,
who typically exhibit lower EEG amplitude and diminished alpha activity. These
findings suggest that neuronal networks become more fragile with advancing
age. Furthermore, individuals with low frontal alpha power are more prone
to burst suppression regardless of chronological age, indicating that neuronal
vulnerability, rather than age alone, is a critical determinant. Therefore, burst
suppression should be interpreted as a response influenced not only by anesthetic
dose but also by individual neural sensitivity [13].

3.4. Burst Suppression in Anesthesia

The effects of anesthetic agents on the brain can be directly observed through
EEG patterns. Among these, burst suppression is most closely associated with
deep anesthesia and serves as an important marker in clinical decision-making.
The Burst Suppression Ratio (BSR) provided by pEEG devices allows rapid
and objective evaluation of drug effects on the brain. In elderly, neurologically
fragile, or metabolically compromised patients, an increase in BSR may indicate
excessively deep anesthesia [14] (Figure 3.2).
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Figure 3.2. Burst Suppression EEG Patterns
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Note. Top: Sample EEG recording spectrogram from a healthy volunteer under propofol-induced
anesthesia, with propofol being increased in a stepwise fashion Middle: Quantitative visualization of
BSR (burst suppression ratio) and BSP (burst suppression probability) during sample case; Bottom:
Selected segments of the unprocessed EEG waveforms during sample case. From Shanker A, Abel JH,
Schamberg G and Brown EN (2021) Etiology of Burst Suppression EEG Patterns. Front. Psychol.
12:673529.

3.4.1. Intravenous Anesthetics

Propofol is the intravenous agent most prominently associated with burst
suppression. With increasing doses, initial enhancement of alpha and beta
activity is followed by a rise in wave amplitude and eventual transition to a
burst suppression pattern. An increase in BSR becomes clinically significant,
particularly when the BIS value falls below 40. Because burst suppression occurs
at lower plasma concentrations in elderly patients, the same target doses may
produce deeper cerebral depression than in younger individuals [13].

Barbiturates (e.g., thiopental) can also induce suppression in a similar
manner. Historically, this property has been exploited therapeutically in
“barbiturate coma” protocols for the treatment of status epilepticus. Although
etomidate can produce suppression at high doses, it is rarely used for this
purpose in clinical practice.

Ketamine, by contrast, acts via NMDA receptor antagonism and produces
a distinct EEG pattern characterized by high-frequency activity and dissociative
features. It does not generate a classical burst suppression pattern and may
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therefore confound BSR algorithms, sometimes leading to falsely elevated BIS
values, particularly in combined anesthetic regimens [15].

3.4.2. Inhalational Anesthetics

Sevoflurane, desflurane, and isoflurane progressively enhance delta and
theta activity with increasing alveolar concentrations, eventually triggering burst
suppression at high doses. The development of suppression is strongly influenced
by patient age and cerebral reserve. In elderly individuals, an increase in BSR
may occur even below 1 MAC. Burst suppression caused by volatile agents has
been associated with postoperative delirium and cognitive dysfunction [16].

3.4.3. Opioids and Adjuvant Drugs

Pure opioids (fentanyl, remifentanil, sufentanil) do not induce burst
suppression when used alone, but they lower the suppression threshold when
combined with hypnotics.

Dexmedetomidine, via its a2-agonist effect, produces slow-wave and
spindle-like EEG patterns but does not typically induce suppression. However,
when used in combination, it may potentiate the suppressive effects of other
agents.

3.5. Relationship Between BSR and Clinical Parameters

An elevated Burst Suppression Ratio (BSR) generally corresponds to a BIS
value below 40, indicating a state of deep anesthesia. However, this parameter
reflects not only anesthetic depth but also the risk of postoperative delirium
(POD) and postoperative cognitive dysfunction (POCD). Studies have
demonstrated that prolonged intraoperative burst suppression is significantly
associated with an increased incidence of postoperative delirium [17,18].

A closer look at the available clinical evidence further reinforces the
importance of monitoring and minimizing intraoperative burst suppression.
In a randomized trial, Radtke et al. reported that the use of processed EEG
to guide anesthetic depth resulted in a lower incidence of postoperative
delirium, particularly in older adults who are inherently more susceptible
to neurocognitive complications [17]. Their findings suggest that avoiding
unnecessarily deep planes of anesthesia—and specifically reducing the duration
of burst suppression—can have a meaningful impact on postoperative outcomes.
Supporting this observation, Fritz et al. showed that even short periods of EEG
suppression were independently associated with higher rates of postoperative
delirium, regardless of anesthetic regimen or patient comorbidities [18]. The
consistency of these findings across different study designs indicates that burst
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suppression represents more than an indicator of anesthetic depth; it may also
reflect an underlying vulnerability of the aging or stressed brain. Consequently,
careful titration of anesthetic agents to avoid excessive suppression has become
an important component of contemporary strategies aimed at improving
postoperative cognitive outcomes.

Modern target-controlled anesthesia management emphasizes careful
monitoring of BSR and reduction of anesthetic dosage when high values
are observed. This approach aims to prevent unnecessarily deep anesthesia,
particularly in elderly and neurologically vulnerable patients, where excessive
suppression may contribute to adverse neurocognitive outcomes.

3.6. Clinical Significance and Applications

3.6.1. Prevention of Intraoperative Awareness

The primary goal of pEEG monitoring is to prevent intraoperative awareness.
However, while awareness is typically associated with insufficient anesthetic
depth, burst suppression represents the opposite condition—excessively deep
anesthesia. Therefore, the presence of burst suppression indicates overdosage
rather than underdosage. Recognizing this allows the anesthesiologist to reduce
the drug dosage, ensuring cerebral safety while also avoiding unnecessary
anesthetic consumption [1].

Recent high-quality reviews and meta-analyses have further strengthened the
evidence linking burst suppression with adverse postoperative neurocognitive
outcomes. A comprehensive systematic review by Chan et al. (2020) reported
that intraoperative EEG suppression consistently correlated with increased
postoperative delirium across diverse surgical populations, independent of
anesthetic technique or comorbidity burden [19]. Wildes et al. (2019), in the
ENGAGES randomized clinical trial, demonstrated that EEG-guided anesthetic
titration reduced anesthetic exposure but still found a clear association between
time spent in burst suppression and postoperative delirium, underscoring
that cerebral susceptibility may play a larger role than drug type alone [20]. A
2023 expert review by Sieber & Evered also emphasized that burst suppression
reflects reduced cortical resilience in older adults and should be considered a
modifiable intraoperative biomarker for neurocognitive risk [21]. Collectively,
these contemporary analyses suggest that minimizing burst suppression is an
essential component of modern neuroprotective anesthesia practice.

3.6.2. Postoperative Delirium and Cognitive Dysfunction

Recent studies have revealed a strong association between intraoperative
burst suppression duration and postoperative delirium (POD) or postoperative
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cognitive dysfunction (POCD) [16]. The longer the suppression period, the
higher the incidence of these complications. In elderly, frail patients with limited
cerebral reserve, an increase in BSR should be interpreted as an early warning
sign of cerebral vulnerability.

Some cohort studies have reported that intraoperative burst suppression is
linked not only to short-term delirium but also to long-term cognitive decline
[17]. Consequently, contemporary anesthetic practice emphasizes the principle
of “avoiding unnecessarily deep anesthesia.” In particular, BIS values below 40
accompanied by elevated BSR readings represent critical thresholds that require
prompt intervention by the anesthesiologist.

A recent comprehensive review by Sieber and Evered (2023) provides
important insights into the clinical significance of intraoperative burst
suppression and its relationship to postoperative neurocognitive disorders.
Their analysis emphasizes that burst suppression is not merely an indicator of
deep anesthesia but a reflection of reduced cortical resilience, particularly in
older adults and patients with underlying neurodegenerative processes. The
authors highlight that even brief periods of EEG suppression are associated
with increased rates of postoperative delirium and early postoperative cognitive
decline, suggesting a heightened vulnerability of the aging brain to anesthetic-
induced neuronal stress. They also note that the duration of burst suppression
appears to function as a modifiable intraoperative biomarker, reinforcing the
importance of individualized anesthetic titration to avoid excessively deep planes
of anesthesia. Overall, the review underscores that minimizing EEG suppression
should be considered a central component of contemporary strategies aimed at
preserving postoperative cognitive function [21].

3.6.3. Prognostic Value in Intensive Care

Burst suppression patterns are not confined to the operating room. In
patients who develop hypoxic—ischemic encephalopathy following cardiac
arrest, the presence of continuous burst suppression on EEG has been correlated
with poor prognosis [9]. Although suppression is expected during therapeutic
hypothermia, its depth and persistence are closely linked to clinical outcomes.
Therefore, the ability to interpret EEG and pEEG has become increasingly

important in modern intensive care practice.

Recent high-quality evidence further underscores the prognostic relevance
of EEG suppression patterns in the intensive care setting. In a large multicenter
cohort study, Westover et al. (2021) demonstrated that the cumulative burden
of EEG suppression—quantified as the percentage of time spent in burst
suppression or isoelectric activity—was strongly associated with both in-hospital
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mortality and poor long-term neurological outcomes in critically ill patients.
Importantly, this relationship remained significant even after adjusting for
illness severity, etiology of encephalopathy, and the use of sedative medications,
suggesting that suppression burden reflects intrinsic cerebral vulnerability rather
than simply the effects of therapeutic interventions. The authors emphasized
that prolonged suppression should be regarded as an actionable biomarker
for neurological deterioration, reinforcing the need for early recognition and
careful titration of sedatives or anesthetics in the ICU. These findings align
closely with modern neurocritical care strategies, which increasingly incorporate
continuous EEG or pEEG monitoring to guide individualized brain-protective
management [22].

3.6.4. Applications in Anesthesia Management

In elderly patients, an increase in BSR values—particularly among those at
high risk of delirium—indicates the need for prompt reduction of anesthetic
dose. This reflects the heightened neural fragility associated with aging. In
neurosurgery, controlled burst suppression may be deliberately induced in
certain situations, such as during temporary cerebral ischemia in aneurysm
surgery, to reduce metabolic activity and provide neuroprotection. Outside
of these specific indications, however, suppression is generally considered an

undesirable finding.

The BSR parameter provided by pEEG extends beyond conventional “age—
MAC?” charts, offering real-time assessment of individualized cerebral responses.
Consequently, anesthesia management can be optimized according to each patient’s
unique neural characteristics, minimizing the risk of excessively deep anesthesia.

The clinical importance of individualized anesthetic titration has been
further highlighted by recent large-scale investigations. In the ENGAGES
randomized clinical trial, Wildes et al. (2019) evaluated EEG-guided anesthetic
administration in over 1,200 older surgical patients and demonstrated that
reducing exposure to excessively deep anesthesia significantly decreased the
cumulative duration of EEG suppression. Although the intervention did not
eliminate postoperative delirium entirely, time spent in burst suppression
remained a strong and independent predictor of poorer postoperative outcomes,
underscoring the heightened cerebral vulnerability of the aging brain. These
findings support the use of BSR and related pEEG parameters as actionable
intraoperative biomarkers, enabling anesthesiologists to tailor anesthetic dosing
more precisely and avoid the detrimental effects of unnecessary anesthetic depth.
As a result, contemporary anesthesia management increasingly favors real-time
EEG monitoring to maintain optimal cerebral perfusion and metabolic balance,
particularly in high-risk elderly populations [20].
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3.7. Interpretation and Clinical Decision-Making

For anesthesiologists, the most frequently used parameters of processed
EEG are as follows:

*  BIS (Bispectral Index): Ranges from 0 to 100; values between 40 and 60
are generally accepted as the target range for surgical anesthesia.

*  BSR (Burst Suppression Ratio): Indicates the percentage of the last 60
seconds of EEG recording that is spent in the suppression phase.

*  SEF95 (Spectral Edge Frequency): Represents the upper frequency limit
encompassing 95% of the EEG power.

*  Entropy (State/Response Entropy): Provides additional information
about the levels of anesthesia and analgesia.

From a clinical perspective, the most critical threshold is BIS <40 accompanied
by a BSR > 0, which indicates that the brain has entered a suppression phase.
When the BSR exceeds 10-20%, this typically signifies excessively deep
anesthesia, and the anesthetic dose should be reduced accordingly [23].
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