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1.1. Introduction

Electroencephalography (EEG) is a technique that measures the spatial 
distribution and temporal variation of voltage fields on the scalp. These signals 
are thought to arise from fluctuations in excitatory and inhibitory postsynaptic 
potentials of cortical neurons [1]. The central nervous system (CNS) is 
primarily composed of neurons and glial cells. The brain’s bioelectric activity 
reflects the electrical potentials of neurons and their processes. However, an 
EEG trace does not represent the activity of a single neuron but rather the 
summated activity of groups of neurons working synchronously toward the 
same functional purpose [2].

Electroencephalography records the distribution and temporal fluctuations 
of the brain’s electrical activity, generated by neuronal firing, across the scalp 
[3]. It involves the recording of spontaneous ﻿brain activity through multiple 
electrodes placed on the scalp. In neurology, the principal diagnostic application 
of EEG is in epilepsy. Secondary clinical uses include the evaluation of ﻿coma, 
encephalopathy, and brain death.

1.2. Source of EEG Activity

Neurons, or nerve cells, are the electrically active units primarily responsible 
for ﻿brain function. They generate distinct electrical signals known as action 
potentials, which travel along axons and trigger the release of chemical 
neurotransmitters at synapses — the specialized junctions between neurons. 
These neurotransmitters then bind to receptors on the dendrites or soma of the 
postsynaptic neuron, generating electrical currents.

Thousands of postsynaptic currents originating from the dendrites and soma 
of individual neurons summate to produce an action potential in that neuron. 
EEG reflects the synchronized synaptic activity resulting from postsynaptic 
potentials of cortical neurons. The main generators of EEG signals are the 
pyramidal cells located in the cerebral cortex [4].
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1.3. Clinical Applications

Routine EEG is typically used in the following clinical situations:
•	 To differentiate epileptic ﻿seizures from psychogenic non-epileptic 

seizures, syncope, or subcortical movement disorders.
•	 To distinguish “organic” encephalopathy or ﻿delirium from primary 

psychiatric syndromes such as catatonia.
•	 As an ancillary test in the diagnosis of brain death.
•	 To determine prognosis in comatose patients.
•	 To evaluate whether antiepileptic drug withdrawal is safe or feasible.

EEG can also be used in intensive care units to monitor ﻿brain function, 
including:

•	 Diagnosis and follow-up of non-convulsive ﻿status epilepticus.
•	 Monitoring the effect of ﻿anesthesia in patients placed in medically 

induced coma.
•	 Observation of secondary brain injury in conditions such as ﻿subarachnoid 

hemorrhage (currently mainly a research application).
When interpreting an EEG, the reader should pay attention to several key 

parameters:
•	﻿Wave morphology (waveform)
•	Background ﻿rhythm (﻿baseline activity)
•	Repetition
•	Frequency
•	Rhythm
•	Amplitude
•	Temporal relationships and ﻿synchrony
•	Persistence
•	Reactivity

1.4. EEG Reporting Parameters

1.4.1. Wave Morphology (Waveform)

Describes the appearance or shape of the EEG wave. The electrical potential 
difference between two recording electrodes forms a wave, and a series of waves 
constitutes an activity. EEG waves are classified according to the number of 
deviations from the isoelectric line as monophasic, biphasic, triphasic, or 
polyphasic [5].
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Two or more wave series that are clearly distinct from the background 
activity are termed complexes (e.g., spike–wave, polyspike–wave). Single spikes 
and sharp waves, as well as spike–slow wave or sharp–slow wave complexes 
lasting less than a few seconds, are described as interictal ﻿epileptiform activity.

1.4.2. Background Rhythm (Baseline Activity)

Represents the continuous activity seen on an EEG trace. In a normal adult 
who is awake with eyes closed, the background ﻿rhythm is characterized by a 
dominant ﻿alpha activity in the parieto-occipital regions.

1.4.3. Repetition

Refers to the recurrence of waves with similar shape. It can be regular or 
irregular depending on whether the intervals between waves are uniform.

1.4.4. Frequency

Frequency is defined as the number of repetitions of a periodic wave per 
second, expressed in Hertz (Hz). In routine EEG recordings, the paper speed is 
typically set such that 3 cm on the paper corresponds to 1 second. The number 
of waves within this interval determines the ﻿frequency in Hz.

1.4.5. Rhythm

Describes activity composed of waves recurring at equal intervals. If 
individual waves repeat at uniform intervals, the pattern is termed rhythmic; if 
not, it is arrhythmic.

Sudden-onset waveforms or complexes that rapidly reach maximum 
﻿amplitude and end abruptly are called paroxysmal activity. Such activity may 
or may not be epileptiform in nature.

1.4.6. Amplitude

Represents the vertical height of a wave, expressed in microvolts (µV).
•	 < 20 µV → low ﻿amplitude
•	 20–50 µV → medium ﻿amplitude
•	 50 µV → high ﻿amplitude

1.4.7. Temporal Relationship and Synchrony

If discharges occur simultaneously and with similar phase relationships 
over homologous regions of both hemispheres, the pattern is termed bilateral 
synchronous (bisynchronous). If similar activity is not seen simultaneously in 
both hemispheres, it is asynchronous. A reduction in EEG activity following a 
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stimulus is called attenuation; near-complete suppression of activity is termed 
suppression. Activity observed over the entire head (or nearly all regions) is 
described as diffuse/generalized, whereas activity confined to one side is focal. 
If ﻿epileptiform activity is observed in electrodes on one side of the brain, it is 
called lateralized; activity arising from multiple foci is termed multifocal.

1.4.8. Persistence

Indicates the proportion of time during which specific waveforms are 
present, typically expressed as a percentage index. For example, if ﻿delta activity 
is present for 20% of the recording, it is reported as a 20% delta index.

1.4.9. Reactivity

In routine EEG recordings, unless contraindicated, certain activation 
procedures are performed to elicit or enhance ﻿epileptiform activity — such as 
hyperventilation (HV) and intermittent photic stimulation (IPS). In some cases, 
sleep or sleep deprivation may also be used. These procedures aim to provoke 
or reveal epileptic foci.

1.5. EEG Waves

1.5.1. Delta Waves (0–4 Hz)

Delta waves are slow waveforms observed at frequencies of 0–4 Hz and 
variable amplitudes. They tend to have the highest ﻿amplitude and the slowest 
﻿frequency among all EEG rhythms. Delta activity may appear as diffuse or focal 
(Figure 1.1).

In adults, ﻿delta activity is normal during deep sleep and under ﻿general 
﻿anesthesia, both of which are states of low cerebral activity. In contrast, ﻿delta 
activity observed in the awake adult is considered pathological. It may appear 
focally in subcortical lesions, or diffusely in metabolic encephalopathies, 
hydrocephalus, or deep midline structural lesions.

In adults, delta waves are most prominent in the frontal regions (as in 
FIRDA – Frontal Intermittent Rhythmic Delta Activity), whereas in ﻿children, 
they are more evident in the occipital regions (OIRDA – Occipital Intermittent 
Rhythmic Delta Activity).

The thalamus plays an essential role in generating ﻿delta activity. Delta 
rhythms arise through interactions between deep cortical layers and thalamic 
neurons, mediated by the inhibition of ascending reticular activating system 
afferents.
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Figure 1.1. Delta waves

1.5.2. Theta Waves (4–8 Hz)

Theta waves occur at frequencies between 4–8 Hz and amplitudes exceeding 
20 µV. In infants, they may be seen during ﻿wakefulness, while in adults they 
appear during drowsiness or light sleep, especially in the frontal–temporal 
regions (Figure 1.2).

﻿Theta activity is associated with emotional stress and cerebral pathology. It may 
appear focally in subcortical lesions or diffusely in metabolic encephalopathies, 
deep midline abnormalities, or hydrocephalus. Conversely, theta activity is also 
linked with relaxation, meditation, and creativity in physiological states [6].

Figure 1.2. Theta waves

1.5.3. Alpha Waves (8–13 Hz)

The ﻿alpha ﻿rhythm is the fundamental ﻿rhythm of the adult human brain, 
typically recorded at 8–13 Hz with amplitudes of 30–50 µV. It is most prominent 
in parietal and occipital regions when the subject is awake, relaxed, and has eyes 
closed (Figure 1.3).

Alpha activity emerges with eye closure and relaxation and is generally of 
higher ﻿amplitude over the right hemisphere. It diminishes with visual attention 
and cognitive effort. The most defining feature of alpha waves is their blocking 
response to eye opening — a  phenomenon known as reactive alpha [7].
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Figure 1.3. Alpha waves

1.5.4. Beta Waves (13–30 Hz)

The beta ﻿rhythm is a high-﻿frequency (13–30 Hz), low-﻿amplitude (5–30 µV) 
activity that is typically most prominent in anterior derivations. ﻿Beta activity 
predominates when the subject is awake and alert with eyes open, and increases 
during information processing, corticocortical and thalamocortical interactions, 
and motor activity (Figure 1.4).

It generally displays a bilateral and symmetrical distribution, with maximal 
expression over the frontal regions. ﻿Beta activity may disappear or decrease over 
areas of cortical damage [7]. Normally, beta waves constitute less than 20% of 
the total EEG record; more widespread beta activity may indicate abnormality 
or drug effect and is often observed in patients with high anxiety levels.

Figure 1.4. Beta waves

1.5.5. Gamma Waves (>30 Hz)

Gamma waves are high-﻿frequency oscillations (>30 Hz) that are typically 
associated with conscious perception. Due to their small ﻿amplitude and frequent 
contamination by muscle artifacts, ﻿gamma activity is often underestimated and 
less commonly analyzed compared to slower EEG rhythms (Figure 1.5).

High ﻿gamma activity in the temporal regions has been linked to memory 
processes. Research suggests that gamma oscillations play an important role in 
attention, working memory, and long-term memory consolidation [8].
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Figure 1.5. Representative ﻿frequency ranges of major EEG rhythms

Note. The diagram illustrates typical ﻿EEG waveforms including delta (0–4 Hz), theta (4–8 Hz), alpha 
(8–13 Hz), beta (13–30 Hz), and gamma (>30 Hz) frequencies, each corresponding to different 
physiological and cognitive states. Delta and theta rhythms dominate during sleep and ﻿anesthesia; 
alpha is most prominent in relaxed ﻿wakefulness; beta increases during alertness and mental activity; 
and gamma is linked to perception, attention, and memory processes.
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