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Abstract Chronic alcohol dependence affects neurophysiological processes, often leading to electroencephalographic
(EEG) abnormalities. Traumatic brain injury (TBI) further exacerbates these changes, increasing seizure risk. Additionally,
severe COVID-19 may contribute to long-term EEG alterations. However, limited research has explored the combined
impact of alcohol dependence, TBI, and severe COVID-19 on EEG patterns. This study aims to analyze EEG changes in
patients with these conditions to identify seizure risk factors. Methods: This study included 110 patients with a history of TBI,
divided into two groups based on withdrawal severity: 39 patients with severe withdrawal syndrome and 71 with a moderate
form. Additionally, a subgroup of 22 patients with a history of severe COVID-19 was identified as an additional risk factor.
EEG recordings were analyzed for rhythm slowing, epileptiform activity, and seizure threshold indices. ANOVA and
Pearson’s correlation were used for statistical analysis. Results: Rhythm slowing was observed in 45%, epileptiform activity
in 30%, and a mixed pattern in 25%. Severe withdrawal was associated with increased epileptiform activity and a lower
seizure threshold (p < 0.01). TBI and COVID-19 further amplified EEG abnormalities. Conclusions: Alcohol dependence,
TBI, and COVID-19 collectively increase seizure risk. EEG abnormalities correlated with withdrawal severity, alcohol use
duration, and prior COVID-19 infection, emphasizing the need for early diagnosis and seizure risk monitoring.
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1. Introduction

Chronic alcohol dependence significantly impacts
neurophysiological ~ processes, as evidenced by
electroencephalographic (EEG) studies. Porjesz and Begleiter
(2003) demonstrated that individuals with alcohol dependence
exhibit alterations in EEG rhythmicity and power, indicating

an imbalance between excitatory and inhibitory processes in
the brain [1]. Quantitative analysis of the alpha rhythm has
also revealed significant differences in patients with alcohol
dependence. Galkin et al. (2022) identified a correlation
between changes in the alpha rhythm and the progression of
withdrawal syndrome [2]. These findings highlight the
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such as electrocorticography, enables more precise detection
of epileptiform patterns compared to scalp EEG [3]. Clinical
studies confirm that severe withdrawal syndrome increases
the risk of seizures, making it a critical issue in both
addiction medicine and neurology [4,5]. Another factor
influencing brain function in this patient population is a
history of severe COVID-19. Campanella et al. (2009)
reported that neuroinflammation caused by severe COVID-19
can exacerbate neurophysiological impairments, further
increasing the risk of seizures [6]. Automated EEG analysis
methods are also promising in diagnosing alcohol dependence.
Acharya et al. (2014) demonstrated that computerized EEG
analysis provides high accuracy in detecting alcohol
dependence-related changes [7]. Furthermore, biofeedback
therapy (EEG-based neurofeedback) has shown effectiveness
in reducing alcohol cravings and stress levels, making it a
promising method for comprehensive alcohol dependence
treatment [8].

Thus, modern research confirms the importance of
comprehensive EEG analysis in diagnosing and monitoring
patients with chronic alcohol dependence. The study of
additional factors, such as TBI and COVID-19, is particularly
relevant for understanding seizure risks in this patient
population.

The study aims to identify patterns in EEG changes in 110
patients with stage Il alcohol dependence, all of whom have
a history of traumatic brain injury (TBI).

2. Materials and Methods

Sample Selection and Inclusion Criteria

This study analyzed electroencephalographic (EEG) data
from 110 patients diagnosed with stage 11 alcohol dependence,
all of whom had a documented history of traumatic brain
injury (TBI). The selection of patients was based on the
following criteria:

Age Range: Participants were between 20 and 60 years
old.

Diagnosis: Alcohol dependence was confirmed according
to the international classification criteria (ICD-10).

History of TBI: All patients had a medically documented
history of traumatic brain injury, ranging from mild to moderate
severity, with corresponding neurological manifestations.

Alcohol Withdrawal Syndrome: Clinical evaluation confirmed
that all patients exhibited signs of alcohol withdrawal
syndrome. Based on the severity of withdrawal symptoms,
the study sample was divided into two groups:

Group 1: Patients with severe withdrawal syndrome
(n =39).

Group 2: Patients with moderate withdrawal syndrome
(n=71).

Additionally, among the total study cohort, 22 patients
(20%) had experienced a severe course of COVID-19. These
cases were distributed between the groups as follows: 12
patients in Group 1 and 10 patients in Group 2.

By analyzing EEG patterns in this specific population,
the study aims to uncover potential neurophysiological
changes that could inform clinical decision-making and risk
assessment for seizure development in patients with coexisting
conditions of alcohol dependence, TBI, and severe COVID-19.

Collection of Clinical Data

For each patient, a comprehensive set of clinical data was
gathered to ensure a thorough assessment of their neurological
and medical history. The collected information included:

o History of Alcohol Abuse: This covered the duration of
alcohol misuse (in years), frequency of consumption,
and the quantity of alcohol consumed.

e Traumatic Brain Injury (TBI) Data: The nature of
the injury, findings from computed tomography (CT)
and/or magnetic resonance imaging (MRI), as well as
neurological symptoms documented in the patient’s
medical history were recorded.

o Assessment of Alcohol Withdrawal Syndrome: The
severity of withdrawal symptoms was evaluated using
standardized clinical scales, such as the Clinical Institute
Withdrawal Assessment for Alcohol-Revised (CIWA-AY),
which allowed for an objective differentiation of symptom
severity.

e COVID-19 History: Severe cases of COVID-19 were
confirmed through medical documentation, including
records of hospitalization, laboratory test results, and
other relevant clinical findings.

EEG Examination Protocol

All electroencephalography (EEG) recordings were conducted
under standardized clinical conditions to ensure the reliability
of the data. The examination followed a structured protocol:

o Patient Condition: EEG recordings were performed during
a state of relaxed wakefulness, under fixed environmental
conditions, including a controlled room setting with
consistent lighting and minimal background noise.

e Equipment and Methodology:

o A 16-channel electroencephalograph was used, with
electrode placement following the international
10-20 system to ensure standardized data collection.

o Recordings were conducted with both open and
closed eyes to assess rhythm reactivity.

o Key EEG parameters analyzed included absolute
spectral power in the alpha, theta, and delta frequency
bands, as well as the presence of epileptiform patterns,
such as spike-wave discharges and peak-pattern
activity.

¢ Recording Duration: Each EEG session lasted at least
30 minutes, ensuring sufficient data for detecting
rhythmic and periodic patterns, which are critical for
evaluating seizure risk.

o Data Processing: Spectral analysis software was used
to process EEG data, alongside visual interpretation by
an experienced clinical neurophysiologist, providing a
detailed assessment of brain activity patterns.
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Statistical Analysis

To ensure a comprehensive evaluation of the collected
data, various statistical methods were applied:

o Descriptive Statistics: Mean values, standard deviations,
and percentage distributions were calculated to characterize
the clinical parameters and EEG patterns observed in
the study population.

¢ One-Way Analysis of Variance (ANOVA): This method
was used to compare the mean duration of alcohol
misuse and levels of seizure activity between the two
groups—patients with severe withdrawal syndrome and
those with moderate withdrawal symptoms.

o Correlation Analysis (Pearson’s Correlation Coefficient):
The relationship between the severity of traumatic
brain injury (TBI), the intensity of alcohol withdrawal
syndrome, and the level of epileptiform activity was
examined to identify potential associations.

Ethical Considerations

All collected data were fully anonymized to protect patient
confidentiality, and the study was conducted in strict
accordance with the ethical principles outlined in the
Declaration of Helsinki. Prior to participation, all patients
provided informed consent, allowing their medical data to be
used for scientific research.

3. Results and Discussion

Distribution of EEG Patterns

The overall analysis of EEG recordings from the 110
patients revealed distinct patterns of brain activity:

e 45% (50 patients) exhibited pronounced rhythm slowing,
characterized by an increase in theta and delta waves
and a reduction in alpha rhythm.

o 30% (33 patients) showed a predominance of epileptiform
activity, including spike-wave discharges and peak-pattern
activity.

e 25% (27 patients) demonstrated a combination of both

alterations, presenting a mixed pattern of EEG
abnormalities.
These  findings  highlight the variability in

neurophysiological changes among patients with alcohol
dependence and a history of traumatic brain injury,
reinforcing the need for individualized approaches to seizure
risk assessment.

Table 1. Distribution of EEG Patterns in 110 Patients

Type of Abnormality Number of Patients Percentage (%)
Rhythm Slowing 50 45

Epileptiform Activity 33 30
Combined Pattern 27 25

The key differences in clinical parameters between the
two groups are presented in Table 2.
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Table 2. Comparison of Clinical Parameters Between Groups

Group 1 Group 2
Parameter (n=39) (n=71) p-value
Duration of Alcohol Abuse 17020 110425 <001
(years)
Level of Epileptiform o o o o
Activity (% abnormal epochs) 45% £ 10% | 25% 8% | <0.01
Seizure Threshold
(Conditional EEG Index, pV) 20050 300+£60 <001
Number of Patients with 12 10 o
Severe COVID-19

Group 1 (patients with a longer history of alcohol abuse)
exhibited significantly more pronounced neurological
impairments. These included a higher level of epileptiform
activity, a lower seizure threshold, and more severe consequences
of alcohol misuse.

A direct correlation was observed between the duration
of alcohol abuse and the worsening of neurological status,
indicating an increased risk of seizures and other neurological
complications. This underscores the critical importance of
early detection and intervention in chronic alcoholism to
prevent severe neurological consequences.

3. One-Way Analysis of Variance (ANOVA)

The one-way analysis of variance (ANOVA) identified
statistically significant differences between the groups:

Duration of Alcohol Abuse: Significant differences were
found between the groups (F = 5.3, p < 0.01).

Level of Epileptiform Activity: A notable difference was
observed (F = 6.1, p <0.01).

Correlation Analysis

Further correlation analysis using Pearson’s correlation
coefficient revealed strong positive associations:

Severity of TBI and Level of Epileptiform Activity (r =
0.62, p <0.01).

Severity of Alcohol Withdrawal Syndrome and Lowered
Seizure Threshold (r = 0.58, p < 0.01).

Impact of Severe COVID-19 on EEG Patterns

Additionally, the analysis of severe COVID-19 cases
demonstrated that patients with a history of severe
COVID-19 exhibited more pronounced EEG abnormalities
compared to those without such a history. This finding
suggests that severe COVID-19 may serve as an independent
predictor of increased seizure risk.

Discussion
Key EEG Abnormalities in Severe and Moderate Alcohol
Withdrawal Syndrome

Alcohol withdrawal syndrome is associated with characteristic
EEG changes, the severity of which correlates with the
intensity of withdrawal symptoms. In patients with moderate
withdrawal syndrome, EEG typically shows increased
beta activity and reduced alpha rhythm power compared to
normal values. These findings reflect a state of neuronal
hyperexcitability due to alcohol cessation. However, the
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overall rhythmic organization remains relatively intact, with
no significant disorganization—meaning that EEG in
moderate withdrawal often appears near-normal, aside from
these subtle alterations.

In contrast, severe withdrawal syndrome (especially
during delirium tremens) presents with more pronounced
EEG abnormalities. A diffuse slowing of rhythms is frequently
observed, marked by an increase in theta waves and a
reduction in alpha activity, indicating cortical dysfunction
and encephalopathic suppression. However, despite this,
central nervous system hyperexcitability persists, creating
a paradoxical combination of neuronal overactivation and
cognitive deficits. Notably, quantitative EEG (QEEG)
analysis has revealed that after alcohol-related seizures, all
patients exhibit increased fast beta power and reduced alpha
power. Interestingly, among those who later developed
delirium, the relative power of high-frequency 3 rhythms in
the frontal leads was lower, while the theta/alpha ratio was
significantly higher compared to patients who did not
develop delirium. In other words, as withdrawal progresses
toward delirium, the EEG signal becomes lower in frequency
and more disorganized, reflecting widespread cortical
dysfunction and autonomic dysregulation.

Thus, while moderate alcohol withdrawal is primarily
characterized by increased frequency and decreased amplitude
of background rhythms, severe withdrawal is marked by
the onset of generalized encephalopathy, as evident in EEG
recordings.

Impact of Chronic Alcohol Abuse on EEG Parameters

Long-term alcohol abuse leads to persistent functional
changes in the brain, which are detectable on EEG. Numerous
studies have reported that chronic alcoholics exhibit
suppressed resting alpha rhythms and a relative increase in
both slower and faster background components. For instance,
a study by Galkin et al. (2022) found a statistically significant
reduction in spectral power of the alpha band across all
neocortical areas in patients with alcohol dependence compared
to healthy individuals. Furthermore, the microstructure of
alpha spindles was altered, with a predominance of a flattened
or low-amplitude alpha rhythm and higher oscillation
frequency. This suggests that the normal dominant resting
rhythm (8-12 Hz) in alcoholics becomes weaker and more
disorganized, aligning with the theory of excitatory-inhibitory
imbalance in the CNS caused by chronic alcohol intoxication.

Importantly, the duration and severity of alcoholism are
directly correlated with the extent of EEG abnormalities.
Reduced alpha rhythm power is associated with a faster
progression of alcohol dependence and an earlier onset of
alcohol use. Moreover, decreased alpha reactivity (i.e., less
suppression of alpha activity upon eye opening) correlates
with longer withdrawal episodes, stronger cravings for
alcohol, and a more aggressive course of dependence. In
other words, the longer and more intense the alcohol abuse,
the more pronounced the objective signs of brain dysfunction
on EEG. Additionally, chronic alcoholism leads to cortical

atrophy and neural network dysfunction, as confirmed
by both neuroimaging studies and the progressive decline in
EEG rhythm amplitudes with increasing years of alcohol use.
Ultimately, long-term alcohol abuse creates a pathological
EEG profile characterized by persistent alpha suppression,
increased beta/theta activity, and overall cortical
deactivation.

Severity of Alcohol Withdrawal Syndrome, Epileptiform
Activity, and Seizure Threshold

Severe alcohol withdrawal syndrome significantly increases
the risk of seizures, reflecting a lowered seizure threshold.
According to large-scale clinical studies, approximately 10%
of patients undergoing alcohol withdrawal experience
generalized seizures (so-called alcohol-related seizures)
within the first 1-2 days after stopping alcohol consumption.
This highlights how intense neuronal hyperexcitability and
neurotransmitter imbalance during withdrawal can overcome
normal inhibitory mechanisms, leading to seizures.

However, routine EEG recordings outside of seizure
episodes do not always reveal epileptiform activity in these
patients. In typical cases of alcohol-related seizures (not
associated with structural epilepsy), interictal EEG findings
may appear relatively normal, aside from a diffuse reduction
in the amplitude of the dominant rhythm. The absence of
clear epileptiform discharges or focal slowing in patients with
withdrawal seizures suggests that the seizures are primarily
due to alcohol withdrawal rather than an underlying
epileptogenic brain lesion. Conversely, if an EEG taken
outside of a seizure episode reveals prominent abnormalities,
the presence of an underlying structural epilepsy should be
considered.

In the most severe forms of withdrawal—especially in
alcohol withdrawal delirium (delirium tremens)—EEG is
almost always abnormal. This is often characterized by
diffuse slowing and bursts of dysrhythmias, indicating an
extremely low seizure threshold. It is also well documented
that withdrawal seizures themselves predispose patients to
developing delirium, making them a potential early warning
sign of more severe withdrawal syndromes. The reverse is
also true: a history of delirium tremens significantly increases
the likelihood of recurrent seizures during future withdrawal
episodes.

This phenomenon aligns with the kindling mechanism,
where each successive withdrawal episode tends to be more
severe than the last, and the risk of seizure complications
progressively increases. As a result, patients with multiple
past withdrawal episodes represent a high-risk group for
epileptiform reactions.

Overall, greater withdrawal severity is associated with
more frequent epileptiform EEG abnormalities and a lower
seizure threshold. While isolated withdrawal seizures may
occur with minimal EEG changes, their presence signals
severe alcohol-induced neurotoxicity and underscores the
urgent need for intensive treatment to prevent progression to
delirium and status epilepticus.
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Impact of Past COVID-19 Infection on Neurophysiological
Parameters

A growing body of evidence suggests that severe
COVID-19 can lead to long-term alterations in brain
function, including changes in EEG patterns. In patients who
have recovered from severe COVID-19—especially those
who experienced encephalopathy, mechanical ventilation
(MV), and other critical conditions—EEG abnormalities are
almost always observed in the acute phase.

A systematic review and meta-analysis found that
approximately 96% of COVID-19 patients who underwent
EEG exhibited pathological background activity. The
most frequent finding was diffuse slowing, characterized
by global suppression of the normal alpha rhythm, loss of
reactivity, and overall desynchronization—a pattern commonly
associated with metabolic or hypoxic encephalopathy.
Additionally, around 20% of patients with COVID-19-
related encephalopathy displayed epileptiform discharges
(such as spikes and sharp waves), indicating cortical
irritability. However, clinical seizures or status epilepticus
were relatively rare, occurring in only 2-3% of cases,
according to EEG monitoring. Thus, while severe COVID-
19 rarely triggers overt epilepsy, it almost always induces
encephalopathic EEG changes, reflecting central nervous
system involvement.

Long-Term Neurophysiological Effects of COVID-19
("Long-COVID")

Several studies have documented the persistence of
neurophysiological abnormalities and associated cognitive
impairments in the long-term phase of COVID-19 recovery.
Even in cases of mild to moderate COVID-19, some patients
exhibit reduced electrical activity in frontal brain regions and

a simplification of EEG signals 6 to 12 months post-infection.

Specifically, research has shown a significant decrease in
wave power in the Fz—F4 region during resting states and
cognitive load tasks in post-COVID patients compared to
healthy controls. Additionally, reduced fractal complexity
and variability of EEG signals in frontal-parietal leads have
been reported, which may indicate long-term impairment of
functional neural connectivity. Clinically, these changes
correlate with the phenomenon known as "brain fog"—a
cluster of symptoms including memory impairment, attention
deficits, and slowed thinking reported by many COVID-19
survivors.

Thus, COVID-19 exerts a multi-level impact on the brain:

¢ In the acute phase, it causes transient diffuse dysfunction,
evident on EEG as rhythm slowing and, in some cases,
epileptiform activity.

o In the long term, it leads to more subtle neurophysiological
alterations, which are closely linked to cognitive
difficulties in post-COVID patients.

These findings highlight the need for long-term neurological
follow-up in patients recovering from severe COVID-19
to better understand and manage its lasting effects on brain
function.
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Comparison of Findings with Previous Research on
Alcoholism, TBI, and COVID-19

The patterns identified in our study are generally
consistent with previous research and expand the existing
understanding of the combined effects of alcoholism,
traumatic brain injury (TBI), and past COVID-19 infection
on brain function. It is well established that chronic
alcoholism leads to characteristic EEG changes. As early as
Porjesz and Begleiter (2003), studies demonstrated that the
EEG of individuals with alcohol dependence differs
significantly from that of healthy individuals, reflecting a
disrupted balance between excitation and inhibition in the
central nervous system (CNS). Our findings, which show
reduced alpha activity and increased beta oscillations in
alcohol-dependent patients, align with these observations.
Additionally, the association between withdrawal severity
and EEG rhythm slowing that we identified is consistent
with QEEG data. For example, Yoon et al. (2022) found
that the progression to delirium during alcohol withdrawal
is accompanied by increased theta activity and a relative
reduction in beta activity on EEG. This supports our conclusion
that severe withdrawal syndrome leads to widespread
disorganization of the brain’s bioelectrical activity.

Regarding traumatic brain injury (TBI), our observations
confirm the well-known exacerbating effect of alcoholism
on traumatic brain damage. Previous research by Ronty et al.
(1993) demonstrated that alcohol-dependent patients with
TBI exhibit larger intracranial hemorrhages, more pronounced
atrophic changes on CT scans, and a slower recovery as
measured by quantitative EEG (QEEG) compared to
non-drinking TBI patients. In our study, patients with both
alcoholism and TBI also showed more persistent EEG
abnormalities over time, which is in line with these earlier
findings. Thus, the combination of chronic alcohol use and
TBI results in cumulative damage, leading to more severe
and long-lasting neurophysiological impairments than would
be expected from either condition alone.

The impact of COVID-19 on EEG in our study sample
also mirrors trends described in the literature. Nearly
all patients who had severe COVID-19 exhibited diffuse
background activity abnormalities, including EEG slowing
and the disappearance of the alpha rhythm, findings consistent
with meta-analytical data (*96% of cases with abnormal
background activity). Additionally, we observed isolated
epileptiform phenomena (sporadic sharp waves) in some
patients, which corresponds to the ~20% frequency of such
findings reported in other studies.

Overall, our findings do not contradict previously
published data but rather complement them, offering a
unique perspective by analyzing EEG changes in a patient
group affected by all three risk factors—alcohol dependence,
TBI, and severe COVID-19. To date, only limited research
has explored the impact of COVID-19 on individuals with
alcohol dependence or TBI. Our study is among the first to
present a comprehensive analysis of neurophysiological
alterations in alcohol-dependent patients affected by both
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TBI and COVID-19, highlighting the multifaceted impact of
these interacting factors on brain function.

4. Conclusions

The study results demonstrated significant neurophysiological
impairments in patients with stage Il alcohol dependence
who had a history of traumatic brain injury (TBI). Duration
of alcohol abuse directly correlates with worsening EEG
parameters: Patients with a longer history of alcoholism
exhibited a greater reduction in seizure threshold, increased
epileptiform activity, and disorganization of background
rhythms, all of which increase the risk of seizure complications.
Severity of alcohol withdrawal syndrome is associated
with alterations in brain bioelectrical activity: Patients with
severe withdrawal symptoms showed a higher frequency of
epileptiform discharges and generalized EEG slowing,
indicating profound cortical dysfunction. TBI exacerbates
the neurophysiological consequences of alcoholism: Patients
with both TBI and prolonged alcohol abuse exhibited more
persistent and pronounced EEG abnormalities, confirming
the additive effect of brain damage in these conditions.
Severe COVID-19 is an additional risk factor: Patients with a
history of severe COVID-19 demonstrated greater abnormalities
in background EEG activity and an increased tendency
toward epileptiform reactions. This finding underscores the
need for further research on the impact of viral infections on
neurophysiology in individuals with substance dependence.

Practical Implications. These findings highlight the
critical need for early diagnosis and intensive treatment of
alcohol withdrawal syndrome, particularly in patients with a
history of TBI and COVID-19. Increased vigilance regarding
seizure risks in this patient group should be a priority in
developing treatment strategies for alcohol dependence.

Copyright © 2025 The Author(s). Published by Scientific & Academic Publishing
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