Introduction:
The Role of EEG in Anesthesia and Brain
Protection

Havva Kocayigit!

The brain is the primary target organ of general anesthesia, yet in daily
anesthetic practice it is often monitored less directly than the heart, lungs,
or circulation. Heart rate, blood pressure, oxygen saturation, end-tidal carbon
dioxide, and anesthetic gas concentrations are routinely followed with great
precision; however, the cerebral effects of anesthetic drugs are frequently
inferred indirectly from these systemic parameters. This creates an important
clinical paradox: anesthesiologists aim to produce unconsciousness, amnesia,
immobility, and autonomic stability, but the organ responsible for consciousness
is not always observed in real time.

Electroencephalography (EEG) offers a direct window into cerebral electrical
activity and provides clinically meaningful information about anesthetic
depth, cortical suppression, seizure activity, cerebral ischemia, and recovery of
brain function. In this context, EEG is not merely a numerical monitor or an
additional device in the operating room. It is a method of observing the dynamic
relationship between anesthetic drugs, consciousness, cerebral physiology, and
brain protection.

This book was written to address a growing need in anesthesiology and
critical care: the need to understand EEG beyond processed numerical
indices. In many operating rooms, processed EEG monitors such as BIS, PSI,
Entropy, Narcotrend, SedLine, CSM, and qCON are used to guide anesthetic
management. Yet these systems can be misleading when interpreted only as
single numbers. Artefacts, age-related EEG changes, anesthetic drug effects,
hypothermia, cerebral hypoperfusion, neuromuscular blockade, and pediatric
neurodevelopmental differences may all alter the relationship between the
displayed index and the patient’s true cerebral state. Therefore, clinicians need
a practical conceptual framework that combines raw EEG patterns, processed
indices, density spectral array displays, clinical context, and patient-specific risk
factors.
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EEG in Anesthesia and Brain Protection

The central problem addressed by this book is the gap between the increasing
availability of EEG-based monitoring technologies and the limited familiarity
of many clinicians with their physiological interpretation. Although EEG has
a long history in neurology and neurophysiology, its routine integration into
anesthesia practice remains incomplete. Contemporary literature, including the
work of Purdon, Brown, Akeju, and other investigators, has clarified many EEG
signatures of anesthetic drugs and has emphasized the importance of waveform-
based interpretation. Similarly, perioperative brain health initiatives and critical
care EEG recommendations have highlighted the value of neuromonitoring
in vulnerable populations. However, the translation of this knowledge into
everyday anesthetic practice still requires clear, clinically oriented educational
resources.

This book aims to provide such a resource. It brings together the basic
principles of EEG, the clinical meaning of common waveforms, the effects
of anesthetic agents, the interpretation of processed EEG, the recognition of
artefacts, and the role of EEG in special patient groups and high-risk clinical
settings. The main objective is to help clinicians move from passive observation
of a monitor value toward active interpretation of brain function.

The conceptual framework of the book is built around three main ideas.
First, EEG reflects brain state more directly than traditional systemic parameters.
Second, processed EEG indices are useful only when interpreted together
with raw EEG, spectral information, and clinical circumstances. Third, EEG
monitoring should be understood not only as a tool for titrating anesthetic depth
but also as a component of perioperative and intensive care brain protection.

The book engages with several important areas of current discussion in
anesthesia and critical care. These include the prevention of intraoperative
awareness, avoidance of excessive anesthetic depth and burst suppression,
postoperative delirium and neurocognitive disorders, pediatric emergence
agitation, cerebral perfusion monitoring in cardiovascular surgery, seizure
detection in the intensive care unit, and the future role of quantitative EEG
and artificial intelligence. Rather than treating these topics as isolated technical
issues, the book presents EEG as a common language linking consciousness,
anesthesia, neuromonitoring, and neurological outcome.

The book is organized into ten chapters. The first chapter introduces
EEG waveforms and their clinical significance, providing the foundation for
understanding frequency, amplitude, rhythm, morphology, reactivity, and
background activity. The second chapter discusses the effects of anesthetic agents
on processed EEG and explains how different drugs produce characteristic EEG
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patterns. The third chapter focuses on burst suppression, a key pattern associated
with deep anesthesia, metabolic suppression, and potential neurocognitive risk.
The fourth chapter examines artefacts in processed EEG monitoring and provides
a practical approach to distinguishing true cerebral signals from physiological,
technical, and environmental interference.

The following chapters focus on clinical application in specific patient
populations and settings. The fifth chapter discusses processed EEG monitoring
in geriatric patients, emphasizing age-related changes in brain vulnerability,
anesthetic sensitivity, and postoperative delirium. The sixth chapter addresses
pediatric anesthesia, where developmental neurophysiology makes EEG
interpretation especially age dependent. The seventh chapter explores EEG use
in cardiovascular anesthesia, particularly in relation to cerebral hypoperfusion,
cardiopulmonary bypass, awareness risk, and postoperative neurological
outcomes. The eighth chapter extends the discussion to the intensive care unit,
where EEG is essential for evaluating altered consciousness, nonconvulsive
seizures, sepsis-associated encephalopathy, sedation depth, coma after cardiac
arrest, traumatic brain injury, subarachnoid hemorrhage, and brain death
assessment. The ninth chapter introduces commonly used EEG display devices
and compares their principles, indices, advantages, and limitations. The final
chapter summarizes the clinical implications of EEG monitoring and frames
future directions in individualized brain-oriented anesthesia care.

The scope of this book is intentionally practical and clinically focused. It
does not aim to replace comprehensive neurophysiology textbooks or formal
EEG certification programs. It also does not claim that EEG monitoring alone
can prevent all neurological complications or determine anesthetic management
without clinical judgment. Instead, it offers an accessible bridge between
neurophysiological principles and bedside decision-making. The emphasis is
on interpretation, pattern recognition, patient safety, and integration of EEG
findings into anesthetic and critical care practice.

The target audience includes anesthesiologists, intensive care physicians,
anesthesia residents, fellows, nurse anesthetists, perioperative clinicians, and
researchers interested in neuromonitoring and brain protection. The book may
also be useful for clinicians working in neuroanesthesia, pediatric anesthesia,
geriatric anesthesia, cardiovascular anesthesia, and intensive care units where
neurological assessment is often limited by sedation, critical illness, or
hemodynamic instability.

As a multi-author book, this work benefits from the perspectives of
clinicians with experience in different areas of anesthesia and critical care. This
plurality is important because EEG is not confined to a single clinical domain.
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Its interpretation changes according to age, disease state, anesthetic technique,
surgical context, and monitoring technology. By bringing these perspectives
together, the book aims to support a more integrated understanding of EEG in
modern perioperative medicine.

This book seeks to answer the following guiding questions:

1.

Why should the brain be monitored directly during anesthesia and
critical illness?

What do raw EEG waveforms and processed EEG indices reveal about
anesthetic depth and brain state?

. How do anesthetic agents, age, artefacts, and clinical conditions alter

EEG interpretation?

. How can EEG monitoring contribute to the prevention of awareness,

excessive cortical suppression, delirium, seizures, and cerebral
hypoperfusion?
How can clinicians use EEG in a practical and individualized way at

the bedside?

Ultimately, EEG in anesthesia should be viewed not as a number to be
followed passively, but as a dynamic representation of the patient’s brain
under the influence of anesthetic drugs, surgical stress, and critical illness.
Understanding this signal allows clinicians to practice anesthesia with greater
precision, greater awareness, and a stronger commitment to brain protection.



