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A b s t r a c t

Introduction: Seizures are one of the most common disorders in children. EEG is the most important tool in 
diagnosis and follow-up in patients with seizures. To diagnose which children might experience recurring seizures, 
EEG can be helpful. This research was conducted to investigate risk factors of seizure recurrence in non-febrile 
seizures.
Methods: In this descriptive study, EEGs were obtained from all children referred to Ahvaz Golestan hospital 
following an initial, unprovoked, and untreated seizure. Data were analysed by SPSS version 20, and P < 0.05 
was considered as significant. 
Results: Thirty-two children aged 4 months to 14 years participated. The patients mean age was 2.75 years. 
Eighteen cases (56.25%) were male and 14 (43.75%) were female. Twenty-seven of the cases had normal birth 
weight and five had low birth weight. Of the 32 children evaluated, five children (15.62%) had developmental 
retardation status. The average duration of seizures was 155 seconds. A positive family history of seizures was 
reported in 13 (40.62%) children. EEG findings were abnormal in 19 patients (59.37%), and they were normal 
in 13 patients (40.63%), in which three forms were seen: focal spikes in 10 patients (31.25%), focal spikes with 
slow waves in six patients (18.75%), and general spikes with slow waves in three patients (9.37%).
Conclusion: This study revealed a significant correlation between the presence of a family history of seizures 
and developmental delays in children with first non-febrile seizures and abnormal EEG. It is suggested that EEG 
be conducted on the first non-febrile seizure, especially in children with a positive family history of seizures or 
developmental delay.
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Introduction

Seizures and epilepsy can dominate all aspects 
of life in affected patients (Baram 2012). Forty 
per cent of children referred with non-febrile 
seizures endure recurrent seizures within a six-
month period, which is mostly seen within the 
first few weeks after the initial attack (Pellock 
1998). Most seizure disorders can be controlled 
by use of anti-epileptic drugs (Bloechliger et al. 
2015; Löscher et al. 2013), but 10-15% of all 
cases are drug-resistant or uncontrolled (Sevil-
la-Castillo et al. 2009; Pellock 1998). A history 

of previous symptomatic neurological diseases, 
focal seizures, symptoms of mental retardation, 
and abnormal electrical waves in EEG can be 
helpful in prediction of the likelihood of further 
recurrent seizures and the decision to begin 
treatment for the prevention of further seizures 
(Bodensteiner 2001). Often one of the most 
important issues in dealing with a child with 
seizures is obtaining a history, signs of epileptic 
seizures, and identifying the seizures’ foci. The 
time of the seizure attack, the length of the 
attack, aura or post ictal phase, a family history 
of epilepsy and seizure disorders, and history 
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of previous convulsive seizures can all assist in 
dealing with and managing a child with seizure 
disorders. After obtaining a history and physical 
examination, diagnostic procedures such as EEG 
during a seizure or between seizures are useful 
methods in the evaluation of epileptic attacks 
(Bodensteiner 2001).

Electroencephalography (EEG), polysomnog-
raphy, and electroencephalography with computer 
analysis are the three main diagnostic methods 
(Laufs 2012; Solomon and Michael 2015). Among 
these methods, electroencephalography (EEG), 
because of its ease of use and high performance, 
is one of the best ways to evaluate epileptic at-
tacks. EEG is a useful and critical tool for seizure 
evaluation. This device was discovered by Berger 
in 1929 for the first time (Tudor et al. 2004). The 
EEG is recorded by electrodes that determine 
the different electrical potential between two 
different points in the brain. To record an EEG, 
19 electrodes must be placed on symmetric points 
on the scalp (Tekgul et al. 2005). 

Sometimes, rather than physiological waves, 
pathological waves are detected on the EEG 
(Gulyás and Freund 2015). Spike waves recorded 
during seizures on EEGs are the main charac-
teristic and symptom of a neuron convulsion, 
which can be seen during all seizures and mark 
a sudden depolarisation attack in a neuron (Hall 
et al. 2015). If these spike waves that character-
ize convulsions occur in one point of the brain, 
a focal epileptic seizure is often seen, but if 
these waves appear in all of the cerebral cortex, 
a generalised seizure usually occurs (Pellock 
1998, Sevilla-Castillo et al. 2009). During a focal 
seizure attack, regular slow waves often appear 
in the same area. During an epileptic attack the 
waves of that specific type of epilepsy are seen. 
Each EEG pattern is age-related and differs 
during sleep and wake cycles, and sometimes 
it is necessary to compare normal and abnor-
mal EEG waves during sleep and wake cycles. 
Sometimes EEG patterns represent a certain 
situation or certain cerebral diseases (Tudor et al. 
2004, Pellock 1998). To diagnose which of these 
children might experience recurring seizures the 
use of EEG can be a very helpful complementary 
tool. This study evaluated the EEG of children 
referred to Ahvaz Golestan Hospital with first 
non-febrile seizure to investigate the risk factors 
of seizure recurrence.

Design and method 

The population of this descriptive study 
consisted of all children referred to the emer-

gency ward of Ahvaz Golestan Hospital with 
a first non-febrile seizure attack and admitted 
for assessment and treatment to the Paediatric 
Neurology Subspecialty ward after vital sign 
stability. After taking history and obtaining 
physical examination, a form was completed 
for each patient. Information included in the 
form were gender, age (by months), place of 
birth, place of residence, maternal and pater-
nal age and occupation, familial relationship 
of parents, familial history of epilepsy, and the 
patients’ number of siblings. The participants’ 
birth weight was also included, and less than 
2400 gr was considered as low birth weight 
(Bodensteiner 2001). The form of seizure (tonic, 
clonic, atonic, myoclonic, tonic-clonic, especially 
from the viewpoint of non-febrile seizure or 
another type of seizure classification), diurnal or 
nocturnal, and the length and the time of the 
seizure were recorded according to the parents 
and caregivers of the patients. 

Patients were examined and the child’s de-
velopmental status was determined according 
to age and Denver Developmental Screening 
Test II. Then, EEGs were recorded (EEG used 
with 19-channel set-up and dipole montage) and 
the results were included in the questionnaire. 
Data were analysed by SPSS version 20 and  
P < 0.05 was considered as significant.

Results

The age range of the 32 patients studied was 
between 4 months and 14 years, and the mean 
age was 2 years and 9 months. Eighteen par-
ticipants (56.25%) were male and 14 (43.75%) 
were female. The mean paternal age was 34 years 
with an range of 20 to 45 years. The mean ma-
ternal age was 26 years with an age range of 15 
to 41 years. The mean duration of seizures was 
155 seconds (minimum 30 seconds, maximum 
1200 seconds). 

All patients resided in the Khuzestan province 
of Iran, 43.75% resided in the city of Ahvaz 
(centre of the province).

Twenty-seven of the cases had normal birth 
weight and five cases had low birth weight. Of 
the 32 children evaluated, five children (15.62%) 
had developmental retardation and 27 children 
(84.37%) had normal developmental status.

Distribution of EEG findings in patients with 
the first attack of non-febrile seizures and their 
results after analysis are shown in Table 1, and 2,  
respectively. Nineteen patients (59.37%) had 
abnormal EEGs. After analysis of EEGs and 
abnormal waves the highest pathology rate was 
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seen in focal spike pattern (10 cases) (31.25%) 
(Table 2).

A positive family history of seizures was report-
ed in 13 (40.62%) children. Distribution of his-
tory of seizure disease in relatives of patients with 
a first febrile seizure attack is shown in Table 3.  
After analysis of the children’s EEGs, 10 of 13 
cases with positive family history of seizures had 
abnormal EEGs, and a statistically significant 
difference was seen between the history of seizure 
in first- and second-degree relatives and seizure 
abnormalities in EEGs (p = 0.04). 

The most common type of seizure in patients 
in the present study was generalised tonic-clonic 
(43.76%) (Fig. 1). There was no statistically 
significant difference between the type of seizure 
and pathological change in EEG (p = 0.6).

Discussion
Thirty-two children with a first non-febrile 

seizure attack admitted to Golestan hospital’s 
emergency department were studied. 

In Van Donselaar et al.’s study of 84 children 
referred with first non-febrile seizure, 63.5% had 
abnormal EEGs, which is close to the finding 
of this study (59.37%) (van Donselaar, 1993).

EEG findings in other studies were as follows: 
Nypaver et al. study (Nypaver et al. 1992) 64.4% 
abnormal, Landfish et al. study (Landfish et al. 

1992) 59.8% abnormal; Fusun et al. study (Ale-
han et al. 2001) 55.6% abnormal, and Udani  
et al. study (Udani et al. 2009) 63.7% abnormal 
EEG. Our findings (59.37%) were comparable 
with these findings. However, the Verity study 
(Verity 1995) and the Udani study (Udani, 2005) 
showed a lower prevalence of abnormal EEGs 
compared to our study (respectively, 34.7% and 
45.2% vs. 59.37%). This might be because Go-
lestan Hospital is the only subspecialty paediatric 
neurology centre in Khuzestan province and the 
neighbouring provinces, so it covers a large pop-
ulation and is considered as a referral centre for 
children with seizures, and mostly children with 
a positive family history or suspicious physical 
examination are referred for EEGs and follow-up. 

Table 1. Distribution of EEG findings in patients with the first 
attack of non-febrile seizures

PercentNumberEEG Findings

40.6313Normal

31.2510Mildly abnormal

18.756Moderately abnormal

9.373Markedly abnormal

Table 2. Distribution of EEG findings after analysis of abnor-
malities in the patients

PercentNumberEEG Findings after 
analysis

40.6313Normal

31.2510Focal spikes

18.756Focal spikes and  
slow waves

9.373General spikes and  
slow waves

Table 3. Distribution of history of seizure disease in relatives 
of patients with a first febrile seizure attack

PercentNumberHistory of seizure  
disorders in relatives

18.756First-degree relatives

15.625Second-degree relatives

6.252Third-degree relatives

59.3719Absence of family 
history
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Therefore, a higher rate of abnormal EEGs in 
these children can be expected.

Another risk factor for non-febrile seizures is 
a positive family history. History of seizure in 
the family, especially in first-degree relatives, is 
important in unexplained epilepsy. In our study 
40.63% of the children had a positive familial 
history in first-, second-, and third-degree rel-
atives, whereas in Verity’s study (Verity 1995) 
only 24.7% had a positive family history and in 
Chowdary et al.’s study (Chowdary et al. 2004) 
28.3% had a positive family history. The high 
prevalence of positive family history in this study 
may be because of interfamily marriages and 
potential genetic syndromes in children. 

Another important risk factor is the child’s de-
velopmental status, which showed a statistically 
significant relationship with abnormal EEGs in 
our study. In this study 15.63% of the children 
had developmental delays, in comparison to 
12.21% and 15.30% of the children in Verity’s 
study (Verity 1995) and Chowdary et al. study 
(Chowdary et al. 2004), respectively.

In all studies, generalised tonic-clonic seizure 
was the most common type of seizure, which 
was similar to the results of our study (43.7%). 
(Udani 2005; Verity 1995; Udani et al. 2009; 
Alehan et al. 2001; Landfish et al. 1992; Nypaver 
et al. 1992, van Donselaar 1993).

Also, the highest abnormality that was seen 
in EEGs in all studies was the focal spike pat-
tern, which was comparable with our study 
(30.25% of 59.37% abnormal EEGs). Just in 
Munot et al.’s study (Udani et al. 2009) the most 
common abnormality was focal spike and slow 
waves (respectively, 38.4% of 63.7% abnormal 
EEGs), which may be because of the difference of 
the study population’s age (from birth to three 
years old vs. from 4 months to 14 years old in 
our study and other studies).

In two studies (Udani 2005; Alehan et al. 
2001) prospective follow-up studies were done 
for two years and one year, respectively. Both 
studies reached the conclusion that there is a very 
close relationship between EEG abnormality 
and recurrent seizures in the future (p < 0.01).

A limitation of our study was in data collec-
tion, due to low educational levels and non-co-
operation of the patients’ parents. Also, our 
study was conducted over a one-year period 
with a small population. Conducting long-term 
and prospective studies to assess the incidence of 
recurrent seizures after first seizure in children 
with normal EEGs, and comparison to children 
with abnormal EEGs, is recommended in order 
to assess drug therapy requirements for seizure 
control and to decrease the complications. 

Conclusions

A significant relationship was seen between 
familial history of seizures and delayed develop-
mental changes with abnormal EEG changes. 
It is suggested that an EEG is performed in the 
first non-febrile seizure, especially in children 
with a positive family history of seizure or de-
velopmental delay.
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