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ABSTRACT

Background: EEG is an important diagnostic tool, but the frequency of EEG abnormalities varies among children.
Objective: To determine the prevalence of EEG abnormalities in children presenting with a first unprovoked
seizure.

Methods: This cross-sectional descriptive study was conducted in the Paediatrics Department, Allied Hospital,
Faisalabad from January 2022 to June 2022, included 105 children presenting with first unprovoked seizure.
Demographic data, seizure characteristics, family history, developmental history, neurological examination
findings, and EEG results were recorded. EEG findings were classified as normal or abnormal, and abnormal
findings were further categorized according to pattern.

Results: The mean age was 6.82 £ 3.91 years. Males were 61 (58.1%) and females were 44 (41.9%). Generalized
tonic-clonic seizure was the most common seizure type, observed in 62 (59.0%) children. EEG abnormalities were
found in 47 (44.8%) patients, while 58 (55.2%) had normal EEG findings. Focal epileptiform discharges were the
most common abnormality, seen in 21 (20.0%) children. Abnormal EEG findings were significantly associated
with focal seizure type (p = 0.041), family history of epilepsy (p = 0.039), developmental delay (p = 0.024), and
abnormal neurological examination (p = 0.041).

Conclusion: EEG abnormalities were common among children presenting with first unprovoked seizure, with
focal epileptiform discharges being the most frequent abnormality. EEG is useful for clinical evaluation, risk
assessment, and further management planning in pediatric patients after a first unprovoked seizure.

INTRODUCTION

Seizures are one of the most frequent neurological emergencies seen in routine paediatric practice and are a
significant reason for children attending hospital, for their parents to worry, and are a frequent indication for
neurological assessment [1]. A first unprovoked seizure is a seizure that occurs without an acute precipitating
cause like a fever, infection, metabolic disturbance, head trauma, or toxic exposure. Provoked seizures occur
secondary to known and reversible causes, whereas unprovoked seizures are associated with concern about
underlying epilepsy, structural brain abnormalities, or neurophysiological dysfunction [2]. A first unprovoked
seizure in childhood is a significant clinical problem since it necessitates thorough evaluation to ascertain the
cause of the seizure, the likelihood of recurrence, and appropriate management [3]. First unprovoked seizure is a
common problem in children, and the reported incidence ranges from 23 to 61 per 100,000 children per year and
is a frequent reason for pediatric neurology consultation. Risk of further seizure after the first unprovoked seizure
is highly dependent upon clinical, EEG, and neuroimaging characteristics [4]. Early identification of the children
at a higher risk is critical for prognosis, parental counselling, planning for follow-up, and deciding when to initiate
antiepileptic treatment. EEG is one of the most vital tests in the assessment of a child with a first unprovoked
seizure [5]. EEG measures brain activity and can identify abnormal activity that might indicate epileptiform
discharges, loss of function in an area of the brain, generalized epileptic activity, slowing of the background brain
activity, or other neurophysiological changes. It has an important role in elucidating the distinction between
epileptic and non-epileptic events, determining seizure type, defining epilepsy syndromes, and estimating the risk
of recurrence [6]. Findings on EEG after the first seizure that are abnormal are consistently predictive of a higher
risk of subsequent seizures and could be important prognostic factors [7]. The rate of EEG abnormalities that
occur after a child's first unprovoked seizure is variable by study (usually between 30% and 60%) and depends
upon the patient's age, seizure type, the timing of EEG recording, and study method [8]. The presence of
epileptiform abnormalities like spikes, sharp waves, spike and wave discharges, focal epileptic discharges, and
generalized epileptic activity is especially important due to their relationship to the subsequent diagnosis of
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epilepsy. Non-specific EEG changes like focal slowing or diffuse background changes can indicate cerebral
dysfunction but may be less specific [9].

Another clinically relevant factor is the timing of the EEG performance. EEG's in the first 24-48 hours after onset
of seizures have shown promise of improved diagnostic yield, especially for epileptiform abnormalities [10].
Sleep-deprived EEG may also help to detect subtle abnormalities. Examples of these benefits include the ability
to further analyse the data, which may be difficult in some healthcare settings, especially in resource-limited
settings, or the ability to access interpretation expertise, which may not be available in all settings [11]. However,
the data may be useful in guiding clinical practice, as access to EEG and expertise in interpretation may vary
across healthcare settings, particularly resource-limited settings [12]. The signs and symptoms of a first
unprovoked seizure can be especially difficult to interpret in children, where age-related variability in the
manifestations may make it difficult to differentiate an epileptic event from a syncope, breath-holding spell,
Movement Disorder, Parasomnia, or Psychogenic Event [13]. EEG is thus an objective adjunct in the diagnostic
assessment. However, a child with epilepsy may not have an abnormal EEG, and some children with normal
nervous systems may have EEG abnormalities that need careful clinical interpretation [14].

Objective
To determine the prevalence of EEG abnormalities in children presenting with a first unprovoked seizure.

METHODOLOGY

This was a cross-sectional descriptive study conducted in the Paediatrics Department, Allied Hospital, Faisalabad
from January 2022 to June 2022 A total of 105 children presenting with first unprovoked seizure were included
in the study. Non-probability consecutive sampling technique was used. All children with a first episode of
unprovoked seizure were included from 1 month to 15 years old. All patients, both male and female, were included.
Patients were included if they had informed consent from their parents/guardians and had been evaluated with an
EEG following the seizure episode. Children who had febrile seizures, acute symptomatic seizures, known
epilepsy, history of seizures, central nervous system infection, head trauma, acute metabolic derangement, cerebral
palsy, neurodegenerative disease, or were already taking anti-seizure medication were excluded. Those whose
clinical records were incomplete or who had technically substandard EEGs were also excluded.

Data Collection

A structured proforma was used to record demographic and clinical data after obtaining informed consent from
parents/guardians. Information provided comprised age, sex, seizure type, duration of seizure, family history of
epilepsy, developmental history, neurological examination results and time interval between the seizure episode
and the EEG recording. The routine electroencephalography was performed in all patients in the standard electrode
configuration of the 10-20 system. All EEG records were reviewed by a consultant paediatric
neurologist/neurophysiologist. EEG was considered normal or abnormal. Abnormal EEG results were
subcategorized as focal epileptiform discharges, generalized epileptiform discharges, multifocal discharges,
background slowing, or other abnormal results. EEG abnormality in children with first unprovoked seizure was
the primary outcome variable.

Data Analysis

Data were entered and analyzed using SPSS version 26.0. Quantitative variables such as age and seizure duration
were presented as mean + standard deviation. Categorical variables such as gender, seizure type, family history,
and EEG findings were presented as frequencies and percentages. The prevalence of EEG abnormalities was
calculated as the proportion of children with abnormal EEG findings among the total study population. A p-value
of <0.05 was considered statistically significant.

RESULTS

A total of 105 children were included in the study. The mean age was 6.82 + 3.91 years. Most children were aged
6-10 years, 41 (39.0%), followed by 1-5 years, 34 (32.4%). There was a male predominance, with 61 (58.1%)
males and 44 (41.9%) females. Family history of epilepsy was present in 18 (17.1%) children, developmental
delay in 12 (11.4%), and abnormal neurological examination in 9 (8.6%).

Table 1. Baseline demographic and clinical characteristics of children (N = 105)

Variable n (%) / Mean £+ SD
Age, years 6.82+3.91
1 month—1 year 8 (7.6)

1-5 years 34 (32.4)
6—10 years 41 (39.0)
11-15 years 22 (21.0)
Male 61 (58.1)
Female 44 (41.9)
Family history of epilepsy 18 (17.1)
Developmental delay 12 (11.4)
Abnormal neurological examination 9 (8.6)
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Generalized tonic-clonic seizure was the most common seizure type, observed in 62 (59.0%) children, followed
by focal seizure in 29 (27.6%) and focal to bilateral tonic-clonic seizure in 14 (13.3%). Most seizures lasted less
than 5 minutes, 73 (69.5%), while 26 (24.8%) lasted 5—15 minutes and 6 (5.7%) lasted more than 15 minutes.
Postictal drowsiness was reported in 68 (64.8%) children, urinary incontinence in 19 (18.1%), and tongue bite in
14 (13.3%). EEG was normal in 58 (55.2%) children, while abnormal EEG findings were present in 47 (44.8%).
Focal epileptiform discharges were the most frequent abnormality, seen in 21 (20.0%) children, followed by
generalized epileptiform discharges in 13 (12.4%), background slowing in 6 (5.7%), multifocal epileptiform
discharges in 5 (4.8%), and nonspecific abnormalities in 2 (1.9%).

Table 2. Clinical seizure characteristics among study patients

Variable n (%)
Generalized tonic-clonic seizure 62 (59.0)
Focal seizure 29 (27.6)
Focal to bilateral tonic-clonic seizure 14 (13.3)
Seizure duration <5 minutes 73 (69.5)
Seizure duration 5—15 minutes 26 (24.8)
Seizure duration >15 minutes 6 (5.7
Postictal drowsiness 68 (64.8)
Tongue bite 14 (13.3)
Urinary incontinence 19 (18.1)
EEG finding

Normal EEG 58 (55.2)
Abnormal EEG 47 (44.8)
Focal epileptiform discharges 21 (20.0)
Generalized epileptiform discharges 13 (12.4)
Multifocal epileptiform discharges 5(4.8)
Background slowing 6(5.7)
Nonspecific abnormality 2(1.9)

Children with abnormal EEG had a slightly higher mean age than those with normal EEG (7.33 £4.09 vs 6.41 +
3.72 years), but this difference was not statistically significant (p = 0.231). Gender was also not significantly
associated with EEG abnormality (p = 0.605). However, abnormal EEG findings were significantly more common
in children with a family history of epilepsy (25.5% vs 10.3%; p = 0.039), developmental delay (19.1% vs 5.2%;
p = 0.024), and abnormal neurological examination (14.9% vs 3.4%; p = 0.041).

Table 3. Association of EEG abnormality with clinical variables

Variable Normal EEG (n =58) | Abnormal EEG (n =47) | p-value
Age, years 6.41 £3.72 7.33+4.09 0.231
Male 35(60.3) 26 (55.3) 0.605
Female 23 (39.7) 21 (44.7)

Family history of epilepsy 6 (10.3) 12 (25.5) 0.039
Developmental delay 3(5.2) 9 (19.1) 0.024
Abnormal neurological examination | 2 (3.4) 7(14.9) 0.041

EEG abnormalities also varied significantly by seizure type (p = 0.041). Abnormal EEG was most frequent among
children with focal seizures, 17 (58.6%), followed by focal to bilateral tonic-clonic seizures, 7 (50.0%), and
generalized tonic-clonic seizures, 23 (37.1%).

Table 4. EEG abnormality according to seizure type

Seizure type Normal EEG Abnormal EEG | p-value
Generalized tonic-clonic seizure 39 (62.9) 23 (37.1) 0.041
Focal seizure 12 (41.4) 17 (58.6)

Focal to bilateral tonic-clonic seizure | 7 (50.0) 7 (50.0)
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Figure 1: This figure demonstrates the association between selected clinical variables and EEG findings in children
presenting with a first unprovoked seizure.
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DISCUSSION

We evaluated EEG abnormalities in 105 children with an unprovoked first seizure. Forty-seven children (44.8%)
had EEG abnormalities and 58 children (55.2%) had normal EEG. It confirms the importance of EEG as a valuable
first seizure diagnostic tool, as almost 50% of children with their first unprovoked seizure already have abnormal
electrical activity in their brain. The most common EEG abnormality was focal epileptiform discharges in 21
(20.0%) children followed by generalized epileptiform discharges in 13 (12.4%). This discovery indicates that
focal epileptic activity occurs relatively frequently in children with first unprovoked seizure. Clinically it is
relevant as focal EEG changes can signal focal irritability in the cortex and can direct further evaluation, which
may be neuroimages if applicable [15].

The seizures most seen in this study were generalized tonic-clonic seizures (62, 59.0%) and focal seizures (29,
27.6%). The children with focal seizures were more likely to have abnormalities noted on their EEG (17/58.6%
vs 23/37.1% in children with GTC seizures). This association was statistically significant (p = 0.041) and
suggested that focal seizure semiology is more strongly related to abnormal EEG findings. EEG abnormalities
were strongly related to a family history of epilepsy. Of those children with abnormal EEG, 12 (25.5%) had a
positive family history in comparison with 6 (10.3%) children with normal EEG (p = 0.039) [16]. This
corroborates the view that genetic susceptibility may play a role in the epileptiform activity of children with an
unprovoked seizure. This should be taken into account when evaluating and counselling the patient with a positive
family history. Abnormal EEG was also significantly associated with DD, 9 children with abnormal EEG had DD
compared with 3 children with normal EEG (p = 0.024) [17]. Abnormal neurological examination was also more
common in the abnormal EEG group (7 (14.9%) children) than in the normal EEG group (2 (3.4%) children) (p
=(.041). These results indicate that children with underlying neurodevelopmental/neurological abnormalities are
more likely to have abnormal EEG patterns following a first unprovoked seizure [18]. The results of this
investigation highlight the importance of considering EEG in children with their first unprovoked seizure,
especially if they have focal seizures, developmental delay, abnormal neurologic examination, or a family history
of epilepsy [19]. While a normal EEG does not rule out epilepsy, abnormal EEG results may help determine the
likelihood of seizures returning, the type of seizures, how to treat them, and whether additional testing is necessary
[20].

Limitations

There are some limitations of this study. The results are from a single-center, cross-sectional study with a relatively
small sample of 105 children and may not be generalizable to a larger population of children. Routine studies
alone were used to obtain EEGs, so that a prolonged or video EEG may have resulted in the detection of more
intermittent epileptiform abnormalities. The timing of the EEG following the onset of seizures was not uniform
for every patient and may have affected the diagnostic yield. This study lacked assessment of prognostic
significance due to the lack of neuroimaging correlation and long-term follow-up for seizure recurrence.
Furthermore, as an observational study, there is limited ability to determine cause-and-effect relationships between
clinical factors and EEG abnormalities.

CONCLUSION

EEG abnormalities were observed in a substantial proportion of children presenting with first unprovoked seizure,
with abnormal findings present in 44.8% of cases. Focal epileptiform discharges were the most common
abnormality. Abnormal EEG findings were significantly associated with focal seizure type, positive family history
of epilepsy, developmental delay, and abnormal neurological examination.
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