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Abstract: The electroencephalogram (EEG) records the spontaneous electrical activity of the
brain and is useful in diagnosing various brain conditions. It is commonly used in diagnosing
epilepsy, Parkinson's disease, Alzheimer's disease, and multiple sclerosis. Recent research has
also suggested that EEG can be used to detect migraine, although the findings in this area are
still being investigated. The aim of this study is to review the use of EEG in detecting migraine
in past and recent investigations. EEG has been used in migraine studies since the early 20th
century, and subsequent studies have explored its use in understanding the pathophysiology of
migraine and developing new treatments for the condition. Abnormal EEG patterns, including
increased theta and delta activity and decreased alpha and beta activity, have been found in
migraine patients during attacks. Studies have shown that EEG can be used to detect migraine
and identify specific EEG biomarkers of the condition. Resting-state functional connectivity and
altered connectivity in the anterior cingulate cortex have been linked to migraine chronification
and may predict treatment outcomes in patients with chronic migraine. However, the
specificity of EEG in diagnosing migraine is low, and more research is needed to determine its
diagnostic utility.
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1 Introduction

Electroencephalogram records spontaneous biological potential of the brain from the scalp,
which is the spontaneous and rhythmic electrical activity of the brain cell group. EEG is
expected to be useful in diagnosing brain conditions. EEG is commonly used in the diagnosis of
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epilepsy, which is a neurological disorder characterized by recurrent seizures. EEG can be used
to detect abnormal electrical activity in the brain that is associated with seizures. The brain
abnormal activities can be seen as spikes or sharp waves on the EEG recording. EEG can be
used to detect changes in brain activity that are associated with Parkinson's disease, such as
changes in the alpha and beta waves. Abnormal EEG patterns have been detected in
Alzheimer's disease, including changes in the alpha and theta waves. EEG also can be used to
detect changes in brain activity that are associated with multiple sclerosis, in which, abnormal
beta frequency band is appeared in recording (Britton et al., 2016; Krumholz et al., 2007; Leocani
et al., 2001; Tsolaki et al., 2014; Wang et al., 2020). Recently it has been shown that EEG can be
used to detect migraine, however, the findings are still challenging in this area. The aim of this
study was to review the application of EEG in detecting migraine over past and recent
investigations.

2 Migraine

Migraine is a common problem worldwide with significant morbidity and economic impact
affecting people of all ages, genders, and ethnicities. Migraine is a highly prevalent condition,
affecting approximately 1 billion people worldwide. According to the World Health
Organization (WHO), migraine is the second leading cause of disability worldwide, and it is
estimated that 14.7% of the global population will experience migraine at some point in their
lives. Migraine is very common, affecting one in five women, one in 16 men, and even one in 11
children. Approximately 28 million Americans have severe, disabling migraine headaches, and
17.6% of American women and 6% of American men had one migraine attack in the previous
year (Woldeamanuel and Cowan, 2017). The WHO ranks migraine among the world's most
disabling medical illnesses.

Migraine is characterized by recurrent attacks. Migraine is a common primary headache
disabling neurological disorder characterized by multiple phases: premonitory, aura, headache,
postdrome, and interictal. It is a paroxysmal disorder characterized by attacks of headache,
nausea, vomiting, photophobia, and phonophobia. Genetic and environmental factors play a
role in the development of migraine disease. Hormonal changes, specifically fluctuations and
estrogen that can occur during menstrual periods, pregnancy and perimenopause can trigger a
migraine attack. Other risk factors include certain medications, drinking alcohol, drinking too
much caffeine, stress, sleep changes, weather changes, skipping meals or even certain foods like
aged cheeses and processed foods. Migraine is a complex neurological disorder that involves a
variety of pathophysiological mechanisms, including changes in cerebral blood flow, neuronal
excitability, and neurotransmitter release. The trigeminovascular system and brainstem nuclei,
hypothalamus, thalamus, brain cortex and other parts of the brain have been reported to be
associated with migraine (Puledda et al., 2023; Kung et al., 2023; Martin et al., 2021; Friedman
and De Ver Dye, 2009). Since the neural excitability changes may be followed by migraine
attack, EEG has a potential to be used for predicting and diagnosis of migraine.
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3 EEG

Electroencephalography was introduced by Hans Berger of Jena, Germany, in 1929,
primarily to study brain dysfunction in mental illnesses (Centorrino et al., 2002).
Electroencephalogram (EEG) is a tool that enables clinicians to provide continuous brain
monitoring and to guide treatment decisions-brain telemetry (Rubinos et al., 2020). EEG is a
record of the oscillations of brain electric potentials recorded from perhaps 20 to 256 electrodes
attached to the human. Most EEG signals originate in the brain’s outer layer (the cerebral
cortex), believed largely responsible for our individual thoughts, emotions and behavior.
Cortical synaptic action generates electrical signals that change in the 10 to 100 millisecond
range. EEG and MEG (magnetoencephalography) are the only widely available technologies
with sufficient temporal resolution to follow these fast dynamic changes (Nunez and
Srinivasan, 2007).

EEG is a non-invasive technique that records the electrical activity of the brain measuring
the voltage fluctuations generated by the synchronized activity of millions of neurons in the
brain (Niedermeyer and da Silva, 2005). The most commonly recognized EEG waves are: Delta
Waves (0.5-4 Hz) which are typically associated with deep sleep and unconsciousness, Theta
Waves (4-8 Hz) which are associated with drowsiness, daydreaming, and light sleep, Alpha
Waves (8-13 Hz) which are present when a person is awake but relaxed, with eyes closed, Beta
Waves (13-30 Hz) that are present when a person is alert and focused, and are associated with
cognitive and motor activity, and Gamma Waves (30-100 Hz) that are the fastest type of brain
waves and are associated with higher cognitive functions, such as perception, attention, and
memory (Buzsaki, 2006).

EEG can detect the onset and spatio-temporal (location and time) evolution of seizures and
the presence of status epilepticus. It is also used to help diagnose brain disorders and
dysfunction. EEG is used to be a first-line method of diagnosis for tumors, stroke and other
focal brain disorders, but this use has decreased with the advent of high-resolution anatomical
imaging techniques such as magnetic resonance imaging (MRI) and computed tomography
(CT) (Niedermeyer and da Silva, 2005). Despite limited spatial resolution, EEG continues to be a
valuable tool for research and diagnosis.

4 Diagnostic value of EEG for detecting neurological
disorders

EEG is a valuable diagnostic tool in epilepsy, providing evidence of a seizure disorder and
helping to classify seizures and epilepsy syndromes. Recent research suggests that the EEG may
also offer important information about the likelihood of seizure recurrence after a single
unprovoked attack and following withdrawal from anti-epileptic medication. Continuous EEG
video telemetry monitoring is used to diagnose non-epileptic pseudo-seizures and to locate the
seizure focus for epilepsy surgery. Although still being investigated, newer tools such as EEG
mapping and magneto-encephalogram show promise in defining the seizure focus in epilepsy
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(Noachtar and Rémi, 2009; Ahmad et al., 2022).

EEG studies in individuals with ASD have revealed several abnormalities in brain wave
patterns, including increased theta and delta activity, decreased alpha and beta activity, and
increased coherence in certain brain regions (Coben and Myers, 2010). Some studies have
suggested that EEG may have potential as a diagnostic tool for ASD (Sokhadze et al., 2009).
Another study found that EEG could be used to differentiate between subtypes of ASD, with
children with a higher level of language impairment showing more pronounced EEG
abnormalities compared to those with milder language impairment (Khan et al., 2013).

Alzheimer's disease (AD) is the most common neurodegenerative disorder characterized by
cognitive and intellectual deficits and behavior disturbance. The electroencephalogram (EEG)
has been used as a tool for diagnosing AD for several decades. The hallmark of EEG
abnormalities in AD patients is a shift of the power spectrum to lower frequencies and a
decrease in coherence of fast rhythms (Jeong, 2004).

Electroencephalography (EEG) has, historically, played a focal role in the assessment of
neural function in children with attention deficit hyperactivity disorder (ADHD). A moderately
elevated prevalence of epileptiform EEG activity is described in children with ADHD without
epilepsy compared with healthy children, during both wakefulness and sleep (Lenartowicz and
Loo, 2014; Sand et al., 2013).

EEG can also be used to diagnose sleep disorders such as sleep apnea and narcolepsy. EEG
patterns during sleep can help identify the different stages of sleep and detect abnormalities
such as sleep-disordered breathing (Niedermeyer and da Silva, 2005).

EEG can be used to diagnose encephalopathies, which are brain disorders that affect
cognitive function. EEG can detect abnormalities in brain waves that are associated with
encephalopathies such as hepatic encephalopathy and hypoxic-ischemic encephalopathy (Sirsi
et al., 2023).

Electroencephalography has traditionally been considered a useful adjunct to the clinical
evaluation of headache. Headache is a prevalent condition that can have various underlying
causes. Primary headaches, which include migraine, tension-type headache, and cluster
headache, are typically recurring and not caused by any organic disease. Secondary headaches,
on the other hand, are less common and result from an underlying organic condition, such as
sinusitis or subarachnoid hemorrhage. By considering the different types of headaches within
each category (primary or secondary), conducting a comprehensive headache history, and
performing a focused clinical examination, physicians can typically make an accurate diagnosis
and determine whether additional laboratory testing or neuroimaging is necessary (Gomez-
Pilar et al., 2022; Raucci et al., 2019).

5 Diagnostic value of EEG for detecting migraine

The use of electroencephalography (EEG) in migraine studies dates back to the early 20th
century, when researchers noticed that some migraine patients showed abnormal EEG patterns
during attacks (Nye and Thadani, 2015). Since then, numerous studies have explored the use of
EEG in understanding the pathophysiology of migraine and in developing new treatments for
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the condition. One of the earliest EEG studies in migraine was conducted by Bjerk and
colleagues in 2009. They found that some migraine patients showed an increase in slow-wave
activity during attacks, which they attributed to a reduction in cerebral blood flow (Bjork et al.,
2009).

In a study the alpha rhythm of 18 patients with classical migraine (migraine with aura) was
studied by EEG spectrum analysis for evidence of neural abnormalities during the
asymptomatic period. Increased frequency dispersion and frequency asymmetries of the alpha
rhythm were found (Nyrke et al., 1990). The most definitely abnormal EEGs with unilateral or
bilateral delta activity have been recorded during attacks of hemiplegic migraine, and during
attacks of migraine with disturbed consciousness (Sand, 1991). The findings also suggest some
difference in the posterior background activity in the EEG in migraine patients as compared to
the controls, but are not useful in differentiating migraine from non-migraine patients (Neufeld
et al., 1991).

The correlations between clinical variables and EEG were studied, according to which,
interictal EEGs from 33 migraineurs and 31 controls were compared. Absolute power,
asymmetry and relative power were studied for delta, theta and alpha frequency bands in
parieto-occipital, temporal and fronto-central areas. EEG variables were correlated to attack
frequency, headache duration, attack duration, pain intensity, photo- and phonophobia.
Compared with controls, migraineurs had increased relative theta power in all cortical regions
and increased delta activity in the painful fronto-central region. In age-adjusted analyses,
headache intensity correlated with increased delta activity (Bjerk et al., 2009).

Subsequent studies have confirmed the presence of abnormal EEG patterns in migraine
patients during attacks, including increased theta and delta activity and decreased alpha
activity (Bjork et al., 2009). A study has shown that migraine is a common problem in children
with abnormalities present in approximately 20% of the patients. It was revealed that migraine
and abnormal EEG findings were significantly associated (Biglari et al.,, 2012). Although
migraine can only be detected by expert medical doctors. However, studies have shown that the
migraine analysis can be done also by using EEG. T5-T3 channel of EEG is generally used in the
migraine detection by EEG. It is also very important to find out which EEG channels and brain
lobes are more important to learn the characteristics of migraine (Akben et al., 2016). It has been
shown that the resting-state EEG power density and effective connectivity differ between
migraine phases and provide an insight into the complex neurophysiology of migraine. It was
revealed that the entropy-based analytical methods identified enhancement or ““normalization”
of frontal electroencephalogram complexity during the preictal phase compared with the
interictal phase. This classification model, using this complexity feature, may have the potential
to provide a preictal alert to migraine patients (Cao et al., 2016). More recent EEG studies have
focused on identifying specific EEG biomarkers of migraine. For example, one study found that
migraine patients had reduced resting-state functional connectivity in the default mode
network, a brain network involved in self-referential processing (Hunt et al., 2022). Another
study found that migraine patients had altered EEG coherence patterns during visual
stimulation, which could potentially serve as a biomarker for the condition (Chamanzar et al.,
2021). It is generally believed that the abnormal rate of EEG in migraine patients is higher than
that in normal people. It has been shown that the electroencephalogram of patients with
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migraine is more volatile, which is mainly manifested by the emergence of moderate and high
amplitude theta waves, especially in the case of excessive respiration, and the specificity of
diagnosis is low (Changmin, et al., 2020).

A recent study examined differences in resting state functional connectivity among the
pain-related regions and revealed that beta connectivity was attenuated in migraine and that
altered connectivity in the anterior cingulate cortex was linked to migraine chronification. These
findings suggested that EEG may predict the treatment outcomes in patients with chronic
migraine that those with lower pre-treatment occipital alpha power tend to show greater
reduction in headache frequency (Pan et al., 2022).
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