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Abstract

Introduction: Seizures are among the most common neurological disorders in the pediatric age group. Up to
10% of children might experience at least one paroxysmal episode suggestive of seizure activity in their life. It is
thought that 5% of all medical attendances to emergency department are related to seizures. Whether the first non-
febrile seizure is the kick start of long term epilepsy is always a question that physicians and families encounter.
Ordering Electroencephalogram (EEG) for children with first non-febrile seizure is a subject of continuous debate.

Objectives: To collect demographic background data for children (1 month to 14 years) who presented with the
first non-febrile seizure, To determine the prevalence and pattern of EEG abnormalities in Children (1 month to 14
years) with first non-febrile seizure, and To collect possible evidence sufficient to make a recommendation for the
use versus abandoning use of routine EEG in children with first episode of non-febrile seizure.

Methods: In a retrospective single-center observational study around (400) children were admitted with first non-
febrile seizure to the Pediatric Emergency Centers (PECs) and their seizure were defined using the international
league against epilepsy (ILAE) between January 2012 to December 2013 were studied. EEG was requested for 76
patients. Their EEG were reviewed and interpreted by pediatric neurology consultants. Patients’ demographic data
and EEG records are then analysed.

Results: Infants unexpectedly represented a small proportion of our cohort. Male gender predominance was
noticed. No significant correlation could be found in EEG yield in regard to seizure type. Certain patterns of EEG
abnormalities were observed.

Conclusions: Epileptic seizure should be diagnosed clinically and EEG is just a helpful tool. Utility of EEG is
debatable in childhood first non-febrile seizure. EEG is helpful but interpretation should be individualized. EEG alone
is not very good predictors of seizure recurrence or overall prognosis. Larger scale studies with longer follow up are
needed.

Keywords Non-febrile seizure; Electroencephalogram; Epileptiform
activity.

Learning points
This is the first epidemiological study in Qatar in regard to children

with epilepsy. It has given almost matching results in regard to
background factors & yield of diagnosis in this small country with
unique population constituents. This study however has formed the
first step towards establishing paediatric epilepsy database project in
Qatar. Recruiting of more patients & prospective follow up studies are
the future visions of this study.

Introduction
The term seizure is used synonymously with other terminologies

including convulsion, fit and epilepsy. A well-known definition is
paroxysmal involuntary discharge of cortical neurons that may be
manifested clinically by an impairment or loss of consciousness,
abnormal motor activity, behavioral and emotional disturbances,

sensory abnormalities or autonomic dysfunction [1]. Differentiating an
epileptic seizure from a non-epileptic paroxysm is not an easy clinical
judgment in all times, especially among pediatric population.
Nevertheless, diagnosis of epileptic seizure is almost always clinical
and other diagnostic tools only often add a little to accuracy of
diagnosis.

Exact epidemiology of childhood first unprovoked seizures is largely
unknown precisely. Every year up to 40,000 children experience their
first afebrile seizure in the United States [2]. Overall life risk of
developing epilepsy varies a lot among available literature and may
range from 0.5 % to up to 10% [3-5]. We know that such statistics do
vary depending on the geography, age, background history, existence
of other medical abnormalities and distribution among certain
patients’ populations. It is estimated that approximately 1 billion dollar
is spent annually on pre-hospital and emergency seizure care in the
United States [6].

Risk of seizure recurrence after the first non-febrile seizure also
varies among different studies. 40-80% of children with their first non-
febrile seizure will may develop a second seizure regardless of what
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sort of evaluation they are exposed to [7- 9]. Predictors of such
recurrence might include child age, seizure details, patient and family
history, presence of medical co-morbidities, neuro-imaging pathology
and certain EEG abnormalities [9].

Having an EEG record after the first non-febrile seizure is not an
internationally agreed practice. Yield of EEG in such circumstances is
always questionable especially it is usually done post-ictally. There is
no data in the whole Arabic gulf area with its special population that
elaborate on this practice & its usefulness. It seems it is often a
personal decision depending on practice & experience when doing
such test. Moreover, national and institutional recommendations are
obviously lacking in this part of the world.

Methods and Results
In a retrospective observational study 76 children who were

admitted with first afebrile seizure in emergency center of pediatric
and their seizure were defined using the international league against
epilepsy (ILAE) and they underwent EEG recording between January
2012 to December 2013 were studied. All their data were reviewed and
analysed.

Inclusion criteria: children age (1month-14 years) with first afebrile
seizure previously healthy. Children who presented with first afebrile
convulsive status epilepticus also were included.

Exclusion criteria: children presenting with febrile convulsion and
children with a known underlying genetic and metabolic disorder have
been excluded. Those who are not subjected to EEG testing and
reporting have been excluded as well.

Chart 1: Age distribution: Is shown in the following chart

Chart 2: Gender distribution: Is shown in the following chart

Chart 3: EEG yield in regard to age: Is shown in the following chart

Chart 4: EEG yield in regard to gender: Is shown in the following
chart
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Chart 5: EEG yield in regard to seizure semiology: Is shown in the
following chart

No % Normal
EEG

% Abnormal
EEG

%

Males 43 56.58% 25 58.14% 18 41.86%

Females 33 43.42% 16 48.48% 17 51.52%

<2 yrs 18 23.68% 11 61.11% 7 38.89%

2-5 yrs 28 36.84% 13 46.43% 15 53.57%

>5-14 yrs 29 38.16% 17 58.62% 12 41.38%

Generalize
d

36 46.37% 20 55.56% 16 44.44%

Focal 40 52.63% 21 52.50% 19 47.50%

Table 1: Summary of demographic data and EEG yield: Is shown in the
following table

EEG abnormality No of patients

Temporal sharp wave discharges 7

Centero-temporal spikes 6

Occipital spikes/spike-waves 6

Generalized slowing 4

Focal slowing 4

Frontal sharp wave discharges 3

3Hrz/s spike & wave activity 1

Central epileptic discharges 1

Generalized high spike/waves 1

Fronto-temporal sharp waves 1

Runs of sharp delta 1

Table 2: EEG abnormalities: Showing list of EEG abnormalities. Total
number of patients is 35.

Discussion
First unprovoked seizures are likely to happen more in the extremes

of ages [10-12]. In our study however, less than one fourth of the
patients had their first unprovoked seizure before the age of two years
(Chart 1, Chart 3, Table 1). Possible expansion of our moderate size
population might have observed more patients within those age
groups. Moreover, recognition of the first seizure in the very young age
group might be quite challenging for both families and physicians.

In our study we have observed some male predominance (57%
versus 43%) among our pediatric population patients (Chart 2, Chart
4, Table 1). This was consistent with international data which have
shown the same male gender predominance [10,13]. The reason
behind such observation is not ready clear. It is known that some
genetic epilepsy syndromes are more prevalent among males, but this
observation can`t uncover the full precise science behind such
prevalence completely. Nevertheless, obviously other hidden hormonal
and genetic factors do play a role as well [14].

We have tried to match the yield of EEG against the type of seizure.
In our study we have not noticed any significant difference between
percentages of normal versus abnormal EEG in regard to the seizure
type, whether focal or generalized (Chart 5)(Table1). This is consistent
with current literature observation as well [15-16]. In spite of minimal
significance, physicians still tend to obtain EEG more readily after the
first focal seizure more than the generalized one, probably trying to
localize any possible electrical foci.

We have reviewed the EEG abnormalities in our study group (Table
2). Most of abnormalities were in the form of focal discharges confined
to a specific brain lobe (22 out of 35 patients). Focal slowing was
reported in 4 patients whereas generalized non-specific slowing was
observed in another 4 patients. These figures are in harmony with
observation in literature [15-16]. We have recorded 6 patients with
classical centero-temporal spikes suggestive of benign epilepsy of
childhood with centero-temporal spikes (BECTS) and one patient with
3 Hz/s spike and wave suggestive of childhood absence epilepsy. This
might show the power of early EEG in helping diagnosing possible
underlying epilepsy syndrome.

Literature Review
In general we have observed that literature originating from USA

tend to recommend obtaining an EEG in every child presenting with
the first non-febrile unprovoked seizure [17]. EEG epileptiform
abnormalities might be detected in up to 59% of children with first
non-febrile seizure [18]. EEG utility varies according to clinical
indication though. It can help detecting subtle focality in the presence
of normal MRI [19]. It can also aids in the diagnosis of some special
epilepsy syndromes [19]. Estimation of recurrence risk depending on
EEG record is been studied as well with variable outcomes [18-19].

Timing of obtaining the EEG after the first seizure is rather complex
technically and logistically. Some experts recommend obtaining EEG
after 24-48 hour after occurrence of the seizure, though that might not
be all the time feasible. Transient post-ictal slowing is seen often after a
real epileptic seizure; however it is a poorly-specific finding. In the
other way around, in patients where the diagnosis of epileptic event is
doubtful it may help supporting the diagnosis of epileptic seizure. Such
EEG study should include awake and a sleep records with application
of augmenting procedures such as photic stimulation &
hyperventilation as possible [17-18,20]. These procedures are meant to
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increase the yield of EEG to the maximal possible. Having the
cooperation as an issue in children, so obtaining a full study record
might not be doable at all times. Not all health facilities have EEG
available for arrangement straight away. Thus following such timing
recommendations is often governed by the overall facility level &
structure.

Studies have tried to elaborate on the best set up to do EEG for
children with first non-febrile seizure. Although obtaining a fast EEG
might be recommended, at present there is no evidence having EEG in
the emergency department has increase such yield [21-22]. Arranging
for outpatient EEG testing appears to be the most optimal clinical
practice. The sooner EEG is obtained the better as experts’ do advice in
general. Medical professionals however should bear in mind that
abnormal EEG does not diagnose epilepsy in its own; neither normal
EEG can be used as an accurate screening tool.

Often the initial EEG is normal but the clinical suspicion is rather
high. Following the clinical judgment is then recommended. Sleep
deprived EEG is a useful tool in such circumstances. Different
institutions have different protocols for EEG sleep deprivation plans.
Most of them, however, involve late sleep, early awakening concept.
Some centers tend to use melatonin as a sleeping aid. Sleep deprived
EEG might detect up to one third of patients with initial normal EEG,
given that it is done within few days [18].

Prognostic utility of EEG is another complex task for medical
professionals. Most of studies that have addressed the prognostic
values of EEG for children with first non-febrile seizure are rather old
studies. At least four studies have used focal slowing & epileptiform
electrical discharges as predictors of seizure recurrence [23-26]. It is
now well known that focal slowing can be transient post-ictal
phenomena & interpretation of such record should be done with
extreme caution. In the absence of any other pathology, one study has
concluded that one half of children who had abnormal EEG after their
first unprovoked non-febrile seizure had a later recurrence. This was
compared to one fourth of children who had normal EEG in the same
study [24].

A relevant issue has been raised by the famous Dr Panayiotopolous
from St. Thomas′s Hospital and his group in the sense of pushing a
step ahead towards obtaining EEG in all children with first non-febrile
seizure [27]. In his study, Dr Panayiotopolous has made a point that
diagnosis of a specific epileptic syndrome is a big advantage of having
an early EEG after the first seizure. He had defined the advantages of
an EEG after the first seizure, `stating that the child and the family are
entitled to a diagnosis, prognosis and management that is specific and
precise, even though this may only be possible in a select-proportion of
patients after the first seizure` [27].

In spite of all mentioned studies, agreement of obtaining EEG after
the first unprovoked seizure is not really universal. Camfield and his
group have commenced anti-epileptic medications based on the initial
EEG reading with disappointing ultimate outcomes [23]. Percentage of
seizure recurrence in the treated & non-treated groups was statistically
insignificant. Having epileptiform activity as a predictor of seizure
recurrence had shown a sensitivity of only 0.55. It is worth mentioning
that EEG recording results had included both neurologically normal
impaired children without separation [23].

Stroink and his group had done something different [25]. In this
Dutch study no child was treated after the first seizure & patients were
rather followed up. Overall recurrence at two years follow up was 54%
[25]. The study had calculated a pretest probability based on a lot of

clinical factors. The study had concluded that EEG was not useful
when the pretest probability of recurrence is less than 0.66, because
even if it was abnormal, as the child’s risk of recurrence did not exceed
the treatment threshold, set at 80% recurrence risk [25].

Tron and his study group from France had reported around same
figures [28]. The seizure recurrence in his 100 children population (all
were healthy before) was 0.32. The recurrence risk in those who had
epileptiform activity in EEG was 0.42 compared to 0.28 in those with
normal EEG (28). The difference was not found to be statistically
significant (P=0.14).

In this era, Shinnar and his group probably had conducted the
largest study in the previous decade involving more than 400 children
(29). Seizures in this study were divided into two groups cryptogenic
and remote symptomatic based on their clinical assessment. In this
study usefulness of EEG was almost none in the remote symptomatic
group with less than 5% difference in the recurrence rates between
those with normal and abnormal EEG records [29]. Overall recurrence
rate was 52% at 2 years follow up [29].

Another argument in favour of not asking for EEG after the first
seizure was raised by Dr Richard Appleton, a pediatric neurologist
from the UK. He had claimed that EEG is a costly and unhandy
procedure in most health care facilities excluding tertiary centers [30].
He also put a point that if the clinical decision was to wait without
treatment after the first seizure due to low recurrence rates, EEG would
have been pointless [30].

A major continuous concern regarding EEG reading is the extreme
subjectivity. EEG is often read with different categories of medical
professionals with variable background, training, and understanding of
brain maturation and level of expertise. Tan et al had raised this
concern in his recent paper soon National Institute of Clinical
Excellence (NICE) 2004 guidelines had been launched with the same
argument [31].

A more recent yet large study by Gilbert et al and his group with
almost 10 years follow up prospective study had also argued against
routine use of EEG [32]. This study had showed that the likelihood of
making a clinically useful diagnosis by performing an EEG in every
child after first seizure was low [32]. Based on its poor information
outcome, this study had concluded that EEG should be ordered very
individually rather than routinely in children with first non-febrile
seizure [32].

Conclusion
Epilepsy remains a clinical diagnosis, thus obtaining an accurate

history is a mandate. This should include elaborating on medical
background, developmental history, family history, context of the
seizure, detailed description of the ictal and post-ictal events, and
thorough physical examination. EEG is not meant to be used as a white
versus black tool in diagnosing or ruling out epileptic episodes. EEG
however can be very useful aid in the clinical evaluation. It can help in
identifying background function, epilptiform focality, need for further
tests and neuro-imaging, directing further investigation, diagnosis
some epilepsy syndromes, rough estimation of recurrence chances and
discussion on further counselling and prognosis. Nevertheless, EEG
should be read with the best available trained professionals paying
attention to transient and maturational changes.

There is still an unsolved scientific debate in regard to ordering EEG
after the first non-febrile seizure and available literature haven not yet
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unravel of this obscured area. Our study in Qatar has shown
comparable figures as far as patients` age distribution, background,
seizure semiology, and pattern of EEG recording results. However our
preliminary experience needs a longer follow up in order to drag out
any possible institutional conclusions and final guidelines.

Recommendations
Obtaining EEG after the first unprovoked afebrile seizures in

children is not routinely recommended according to our study. EEG
however can be useful with higher yield with presence of certain risk
factors or when a specific epilepsy syndrome is suspected. Thus it is
important to review every case individually & keep such testing under
consideration accordingly. Follow up of patients enrolled in this study
prospectively might yield more precise results especially in terms of
prediction of future seizures. Large scale studies are obviously needed,
especially in this part of the world where patients’ demographics and
clinical presentations might be rather unique.
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