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Introduction
Epilepsy is a chronic neurologic disorder 
defined by the International League against 
Epilepsy as repetitive seizures equal or more 
than two times with more than 24 h between 
seizures or high probability for repeating 
seizure (at least 60%) after the first seizure 
without any specific causes.[1,2] Clinical 
manifestations of seizures include transient 
signs and symptoms such as alteration in 
level of consciousness, motor, sensory, 
autonomic, and mental manifestation 
reported by patients or another who 
observed them.[3] According to international 
classification, epilepsy has three types based 
on electroencephalogram (EEG) patterns and 
clinical manifestations including general, 
focal, and epileptic spasm that the focal type 
is more prevalent than others.[4,5] Epilepsy 
is prevalent in 3.1–5.7 cases in every 1000 
individuals all around the world.[6‑8]

Epilepsy is diagnosed by taking history, 
physical and neurological examination, 
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Abstract
Background: Epilepsy is a chronic neurological disorder characterized by seizure recurrence in 
patients. Electroencephalogram (EEG) has a diagnostic and prognostic role in the management of 
patients. Studies have shown a significant relation between seizure recurrence and abnormal EEG 
in newly diagnosed epileptic patients, and people with first episode of unprovoked seizure. The aim 
of this study is to evaluate seizure frequency in chronic epileptic patients on drug therapy based on 
normal or abnormal EEG. Materials and Methods: This prospective cohort study examined seizure 
recurrence in 59 epileptic patients (50.8% generalized, 49.2% focal) with normal and abnormal 
EEG. Data were recorded in patient medical file, and patients were followed by telephone call or 
visiting by neurologist. Results: In this study, 59 patients with a mean age of 29.58 ± 10.37 years 
were assessed that 42.4% of them were males and 57.6% were females. Seizure frequency in 
patient with specific abnormal EEG was significantly more than other patients (specific abnormal: 
78.9%, nonspecific abnormal: 45.5%, and normal: 31%, P = 0.005). Seizure recurrence in patients 
on polytherapy was significantly higher than others (polytherapy: 76.9% and monotherapy: 27.3%, 
P < 0.001). In patient with abnormal imaging seizure, frequency was more than other patients which 
was nearly significant (P = 0.054). Conclusion: Abnormal EEG and number of anticonvulsant drugs 
have a role in seizure recurrence in epileptic patients.
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using EEG, and doing imaging such as 
magnetic resonance imaging (MRI) in some 
cases. EEG has an important role in epilepsy 
diagnosis and evaluations. However, 
having normal or abnormal EEG does not 
definitely confirm epilepsy diagnosis.[1,9,10] 
For assessing EEG sensitivity in diagnosing 
epilepsy, the prevalence of abnormal EEG 
in epileptic patients was evaluated. In one 
study on 180 epileptic patients, 55% of 
them had primary abnormal EEG that 33% 
of them had abnormal EEG with specific 
patterns.[10] In another study, the prevalence 
of abnormal EEG in epileptic patients was 
41.9%.[11]

In addition to diagnostic usage, EEG can 
be an effective modality for evaluating 
treatment, prognosis, and probability of 
seizure recurrences.[10] Some studies reported 
that there is a weak association between 
abnormal EEG and seizure recurrences, and 
this association is weaker in controlled and 
improving epilepsies.[9] In contrast, there 

Access this article online

Website: www.advbiores.net

DOI: 10.4103/abr.abr_279_16

Quick Response Code:
This is an open access journal, and articles are distributed under 
the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 License, which allows others to remix, tweak, and 
build upon the work non-commercially, as long as appropriate 
credit is given and the new creations are licensed under the 
identical terms.

For reprints contact: reprints@medknow.com

[Downloaded free from http://www.advbiores.net on Saturday, February 11, 2023, IP: 178.173.220.230]



Najafi, et al.: Seizure frequency and abnormal EEG

2 Advanced Biomedical Research | 2018

are other studies demonstrated that there is a significant 
association between seizure recurrences and having 
abnormal EEG and presence of high‑frequency waves with 
specific patterns can anticipate seizure recurrences.[12,13]

Despite the important role of EEG in diagnosis and primary 
evaluation of newly diagnosed epilepsies, the routine EEG 
usage in chronic epilepsy has controversies.[9] In this 
study, we aimed to evaluate seizure frequency distribution 
in epileptic patients with normal and abnormal EEG in 
Isfahan city as a third populated province in Iran country.

Materials and Methods
This study was a prospective cohort study in epileptic patients 
who referred to neurology clinics in Al‑Zahra Hospital in 
Isfahan University of Medical Science (IUMS) between 
2015 and 2016. Inclusion criteria were as followed: (1) age 
more than 18 years, (2) presence of documented diagnosis 
for idiopathic epilepsy, (3) having epilepsy over 1 year, 
(4) using pharmacological treatment, (5) lack of history 
of head trauma, brain tumor, asphyxia, mental retardation, 
cerebral palsy, and other neurologic impairment, (6) lack of 
history of childhood febrile seizure, (7) having at least one 
EEG with high quality, and (8) willingness for participating 
in this study. Patients who did not continue their treatment 
and those who had lost to follow‑up were excluded from 
the study. This study was approved by the Regional 
Bioethics Committee of IUMS.

Fifty‑nine epileptic patients were selected based on 
inclusion and exclusion criteria for participating in this 
study after filling out consent letter. Diagnosis of epilepsy 
was documented for each patient by an expert neurologist 
in this study based on international criteria.[1,2] All patients 
were under pharmacological treatment categorized in two 
groups include monotherapy and polytherapy. EEG was 
taken for all patients and reported by expert neurologist 
in EEG sciences. If more than one EEG were taken from 
patients in this 1‑year time period, the best one in quality 
was evaluated in this study. All EEGs were taken by one 
electroencephalogram instruments and one operator.

Data about each patient were extracted from their records 
including demographic data (age, gender, marital status, and 
educational level), treatment regimen, EEG, and imaging 
reports. EEG reports were classified into two groups: 
abnormal EEG and normal EEG. Abnormal EEGs were 
categorized into two subgroups: specific and nonspecific. 
Specific pattern defined as the presence of epileptogenic 
waves which are specific for epilepsy including sharp 
show wave, slow spike wave, polyspike, spike wave, and 
other special changes for epilepsy.[9,14] Nonspecific patterns 
include abnormal waves which decrease seizure threshold 
including asymmetric or asynchronous background, slow 
background, irregularity, and theta and delta activity which 
can be seen not only in epilepsy but also in other disease 
and are not specific for epilepsy.[9,14]

Imaging abnormality contains nonspecific patterns such as 
diffuse signal alternation or slight atrophic changes and 
other unspecific changes[15] which are not compatible with 
secondary causes such as brain tumor, stroke, hematoma, 
ischemia, and abscess.

After collecting these data, patients were divided into two 
groups including normal and abnormal EEG. Both groups 
were followed for 1 year simultaneously. Patients were 
followed every 3 months by visiting in neurology clinic 
or phoning them. Seizure recurrences were diagnosed by 
patient’s reports or their caregiver observation reports. The 
number of seizure attacks in 1‑year duration was recorded 
in special forms for each patient and for seizure recurrences’ 
patients defined as with and without recurrences.

Data analysis

Data about all participants were analyzed with SPSS 
software version 20 (SPSS Crop., Chicago, IL, USA). 
For reporting quantitative and qualitative reports, we 
used mean ± standard deviation and number or percent, 
respectively. Variables were compared between groups 
using independent t‑test and Chi‑square test. A two‑sided 
α level of 0.05 was used to assess statistical significance. 
For omitting the effect of age, gender, and treatment, linear 
regression model was used.

According to recursive matter of epilepsy, the mean interval 
between seizures was measured, and for the analysis, 
generalized linear model (Poisson logistic linear) was used. 
The mean interval was entered in the Poisson model as a 
covariate factor in seizure recurrence.

Results
In this study, 59 epileptic patients with a mean age of 
29.58 ± 10.37 years (18–57 years) were evaluated for 
seizure recurrences. Among all patients, 50.8% of them 
(n = 30) were without seizure relapses and 49.2% (n = 29) 
had experienced seizure relapses. The mean age in the first 
group was 30.45 ± 9.77 years and in the second one was 
28.73 ± 11.02 years (P = 0.53). About 42.4% of participants 
were males and 57.6% were females. The mean number of 
seizure frequency was 3.51 ± 3.70 times during 1 year. The 
mean duration of disease was 11.03 ± 9.34 years and 50.8% 
had general type and 49.2% had focal type of seizure.

Evaluating EEG reports showed that 32.2% of patients 
had abnormal EEG with specific patterns, 18.6% had 
abnormal EEG with nonspecific patterns, and 49.2% had 
normal EEGs. Chi‑square test showed that relapses were 
significantly more prevalent in patients with abnormal 
EEG especially those with specific patterns (abnormal 
EEG with a specific pattern: 78.9%, abnormal EEG with 
nonspecific pattern: 45.5%, normal EEG: 31%, P = 0.005). 
Comparing relapses between patients with normal EEG 
and abnormal EEG with specific patterns showed that 
relapses were more prevalent in those with abnormal 
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EEG (P = 0.003). Comparing relapses between those 
with normal EEG and abnormal EEG with nonspecific 
patterns showed that recurrences were more prevalent in 
those with abnormal EEG but not significantly (P = 0.46), 
and comparing seizure relapses between two subgroup 
of patients with abnormal EEG showed that recurrences 
were more prevalent in patients with abnormal EEG with 
specific patterns, but these differences were not statistically 
significant (P = 0.10).

In advanced Poisson model analysis with considering the 
seizure interval as a covariate, the seizure recurrences 
were significantly higher in patients with abnormal 
EEG comparing with normal EEG group (β: 0.289, 95% 
confidence interval [CI]: −0.022–0.600, P: 0.049), also 
comparing the specific abnormal EEG subgroup with 
normal EEG group showed a significant higher relapses 
in specific abnormal EEG group (β: 0.433, 95% [CI]: 
0.097–0.769, P: 0.012).

The linear regression model after blocking the age, gender, 
and treatment effect showed more seizure relapses in 
patient with abnormal EEG, but the differences were not 
significant (odds ratio: 1.059, 95% [CI]: 0.959–1.168, 
P: 0.25).

Among all, 55.9% and 44.1% had received monotherapy 
and polytherapy, respectively. Chi‑square test showed that 
seizure recurrences were more prevalent in patients with 
polytherapy regimen (monotherapy: 76.9%, polytherapy: 
27.3%, P < 0.001). About 48 patients from 59 participants 
had imaging reports that 89.6% of them were normal and 
10.4% were abnormal. Seizure recurrences were more 
prevalent in patients with abnormal imaging that this 
difference was nearly significant (normal imaging: 100% 
and abnormal imaging: 48.8%, P: 0.054). All data about 
seizure relapses in epileptic patients are shown in Table 1 
in details.

Discussion
In this study, 59 patients with idiopathic epilepsy were 
evaluated, and the association between seizure relapses and 
demographic factors, type of seizure, type of treatment, 
imaging, and EEG were assessed. This study demonstrated 
that relapses were more prevalent in those with abnormal 
EEG with specific patterns, significantly. Using EEG for 
diagnosing abnormalities after the first seizure attacks 
was important.[16] Research showed that in patients with 
long‑term treatment, presence of abnormal EEG before 
and after antiepileptic treatment is a prognostic factor 
for increasing the risk of recurrences.[17] Several studies 
reported that in patients with abnormal EEG, seizures 
were poorly controlled which leads to more seizure 
recurrences.[3] In Western studies, there was an association 
between seizure recurrences and presence of abnormality in 
EEG in epileptic patients.[18‑20] Review studies showed that 
there are two factors strongly associated with increasing the 

risk of seizure recurrences including abnormal EEG with 
specific patterns and abnormal neurologic examination, 
and seizure recurrences were more prevalent when both 
factors are present simultaneously.[21] However, there are 
other studies that did not show any relations between 
seizure relapses and EEG reports.[4] One study evaluated 
risk factors of seizure recurrence in epileptic patients, 
abnormal EEG did not predict seizure recurrences, and 
the etiology of disease and age of disease onset were 
associated with seizure recurrence.[22] The role of EEG in 
predicting seizure recurrences has controversy and arise 
this question that which aspect of EEG has an important 
role in epileptic patients.[9] Most of the studies in different 
region demonstrated that presence of abnormality especially 
those with specific patterns is associated with increasing 
risk of recurrences and this association in newly diagnosed 
cases were more obvious. This study showed that specific 
abnormal EEG is predicting more seizure recurrences not 
only in newly diagnosed patients but also in patients who 
were known case of epilepsy and receiving drug treatment.

Table 1: Distribution in epileptic patient with or without 
recurrence

Variable Without 
recurrence, 

n (%)

With 
recurrence, 

n (%)

P

Gender
Male 15 (60) 10 (40) 0.29
Female 15 (44.1) 19 (55.9)

Marital status
Single 15 (57.7) 11 (42.3) 0.43
Married 15 (45.5) 18 (54.5)

Education
Noneducated 1 (50) 1 (50) 0.84
Primary school 3 (75) 1 (25)
Under diploma 5 (45.5) 6 (54.5)
Diploma 14 (56) 11 (44)
Bachelor 9 (60) 6 (40)
Master and above 1 (50) 1 (50)

Seizure type
Generalized 18 (60) 12 (40) 0.19
Focal 12 (41.4) 17 (58.6)

Type of treatment
Monotherapy 24 (72.7) 9 (27.3) <0.001*
Polytherapy 6 (23.1) 20 (76.9)

Imaging
Normal 22 (51.2) 21 (48.8) 0.054
Abnormal 0 5 (100)

EEG
Specific abnormal 4 (21.1) 15 (78.9) 0.005*
Nonspecific abnormal 6 (54.6) 5 (45.5)
Normal 20 (69) 9 (31)

Total 30 (50.8) 29 (49.2)
The Chi‑square test showed that rate of recurrence was 
significantly higher in patient with polytherapy and patient with 
abnormal EEG. EEG: Electroencephalogram, *P ≥ 0.05
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In our study, there was a nearly significant association 
between imaging and recurrences. In one study in 150 newly 
diagnosed epileptic patients, abnormal MRI findings 
were associated with more seizure relapses.[23] Studies on 
factors related to seizure relapses showed that abnormal 
EEG and imaging modalities were associated to increasing 
recurrences.[24] In other study in patients with epilepsy, the 
presence of abnormality in computed tomography (CT) was 
associated with increasing seizure recurrences.[18]

In this study, recurrence rate was more in patients who 
received polytherapy treatment. Epileptic patients need 
the long‑term use of medications, but after controlling 
disease, seizure recurrence is common special when the 
dosage of medications was reduced.[25] Studies reported 
that patients with abnormal EEG had more uncontrolled 
disease situation that may lead to more recurrences and 
causes needs for polytherapy treatments.[26,27] The effects of 
epilepsy treatment on seizure recurrences were evaluated 
in limited studies. There is not any specific algorithm for 
evaluating definite seizure recurrences and determining 
the risk and time of recurrences.[28] In study evaluated 
predisposing factors of response to epileptic treatment, 
patients with seizure recurrences were those who received 
polytherapy treatment and suggested patients who received 
polytherapy treatment had poorer disease control which 
causes more recurrences in these patients and epilepsy 
in those with monotherapy medication regimen is likely 
controlled, and recurrences are uncommon among these 
epileptic patients.[29] Study on 130 patients with generalized 
seizures evaluated patients in two groups including 
those who received monotherapy and polytherapy and 
showed that there were not any differences in recurrences 
and number of seizures in these two groups.[30] These 
differences between studies are maybe because of this 
fact that patients who received polytherapy treatment may 
have severe seizure recurrences due to other etiologies and 
maybe patients who received monotherapy treatment are 
those who received polytherapy regimen previously. For 
accurate evaluation of this association for generalizing 
these findings to society, further researches are needed to 
evaluate patients initially after starting epileptic treatment.

This study does not show any association between 
recurrences and demographic factors including gender, 
marital status, and educational level. There are other studies 
with similar findings that did not show any relation between 
gender and recurrence risks in epileptic patients.[13,18] In 
this study, the proportion of female was more than male 
that maybe affected our findings. For assessing the exact 
effect of demographic factors on seizure recurrences, more 
researches with greater sample size are needed.

One of the strengths of this study is following patients for 
1 year repeatedly in Iranian population that cohort study in 
this population is limited. In addition, most of researches 
in this population were in newly diagnosed cases, but 

this study evaluated epileptic patients who started their 
treatment at least 1 year ago. In this study, patients divided 
into two groups including with and without recurrences had 
not differences between demographic factors that reduce 
study biases. One of the important limitations of this study 
was its small population that is not efficient for generalizing 
our findings to society. This study evaluated patients in a 
wide range of ages, (18‑57 years) and it is better to assess 
patients in the same age group separately. Further researches 
with greater sample size and similar age groups are needed.

Conclusion
This study showed that presence of abnormal pattern in 
EEG  and also number of anticonvulsant  drugs can have a 
role in seizure recurrence in epileptic patients.
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