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EVALUATION OF FIRST SEIZURE IN CHILDHOOD: NEUROIMAGING OVERTURES
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SUMMARY

Seizure is a common presentation in an emergency care setting, and new-onset epilepsy
is the most common cause of unprovoked seizures. The neuroradiologic evaluation of
patients after a first seizure must be tackled starting from the clinical history, neurologi-
cal examination and blood tests, followed by an electroencephalographic study. The ini-
tial assessment after a single event should determine whether an actual seizure has oc-
curred or if the episode could be attributed to another transitional event; it is necessary
to exclude the possibility of the crisis being a manifestation of a possible organic cause,
therefore determining whether it was caused by brain injury or a first episode of epi-
lepsy. The role of neuroimaging in a child with new-onset afebrile seizures is controver-
sial. In this article we evaluate the need for neuroradiologic investigation after a
first seizure.

Introduction

Seizure is a common presentation in an emergency care setting, and new-onset epilepsy
is the most common cause of unprovoked seizures. No single sign, symptom, or test
clearly differentiates a seizure from a non-seizure event (e.g., syncope, pseudo-seizure).
Electroencephalography (EEG) is recommended for patients presenting with a first sei-
zure, and neuroimaging is recommended for adults (1). Neuroimaging should be per-
formed in children with risk factors such as head trauma, focal neurologic deficits, or a
history of malignancy. Magnetic Resonance Imaging (MRI) is preferred over Computed
Tomography (CT), except when acute intracranial bleeding is suspected (2). The most
common laboratory findings associated with a seizure are abnormal sodium and glucose
levels. Patients with a normal neurologic examination, normal test results, and no struc-
tural brain damage do not require hospitalization or antiepileptic medications (3).

Epidemiology

Seizures are responsible for approximately 1-2% of all visits to emergency departments
(4). Approximately 2-5% of the population of the United States is affected by afebrile
seizures. The prevalence of epilepsy is between 1.1% and 2.2%. Most patients (57%) pre-
senting a first seizure, are aged <25 years, with 71% of this subgroup being aged <15
years; moreover, 58% of patients with a first seizure are male (5).
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Potential Etiologies

In evaluating the child after a first seizure,

the first consideration should be to deter-

mine whether the seizure was provoked or
unprovoked (6). In the case of provoked
seizures, treatment should include identi-
fying and treating the underlying etiology

(7).

The most frequent risk factors for pro-

voked (symptomatic) childhood seizures

are:

e Central nervous system (CNS) infections,
such as meningitis, encephalitis, and
emphyema, that can present with sei-
zures, and identifying and treating the
underlying infection is imperative;

e Metabolic alterations that can precipi-
tate seizures and can be directly treat-
able targets;

e Head trauma that can precipitate sei-
zures and requires an immediate neuroi-
maging investigation to rule out hemor-
rhage, contusion, or other serious inju-
ries;

e Structural abnormalities, such as con-
genital cerebral malformations, ischemic
or hemorrhagic strokes, tumors or other
mass lesions are less common etiolo-
gies causing seizures, but can be ruled
out with appropriate neuroimaging
studies (8).

If the child is between 6 months and 6

years old, neurologic examination and

developmental history result normal, and
the patient has a fever without CNS infec-
tion, the diagnosis of febrile seizure

should be considered (9).

Febrile seizures affect 2-5% of children

aged 6 months to 6 years. These occur in

association with a high fever, typically
above 38.5° C, and in absence of a CNS
infection. There is often a family history of
febrile seizures. Some believe that the
change rate in body temperature is more
provoking than the absolute body tempera-
ture. A second episode occurs in 33% of

children, and only 50% of these have a

third episode. Approximately 3-6% of pa-

tients with febrile seizures will develop
afebrile seizures or epilepsy. EEG and
neuroimaging are generally not warranted.

Further evaluation may be required for

complex febrile seizures, which include

seizures lasting longer than 15 minutes,
seizures that have a focal onset, or occur
multiple times within 24 hours or within
the duration of febrile illness (10). Most
children with a first afebrile seizure do not
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have a clear underlying etiology. Many of
these children will not develop a second
seizure (11). In those children who do
develop further seizures, the identification
of risk factors or a specific epilepsy syn-
drome may help with treatment decisions
and prognostication. Some childhood epi-
lepsy syndromes include the following:
Infantile spasms. These typically begin in
infants aged 4-8 months (though earlier
and later presentations do occur) and con-
sist in clusters of myoclonic spasms that
typically occur upon awakening or falling
asleep. Their presentation can be more
subtle and include slight eye flutter or
head drop. If suspected, appropriate diag-
nosis and swift management is essential to
improve the developmental outcome.
Absence epilepsy, also known as petit mal
epilepsy, is manifested by frequent (as
many as 100 per day or more) episodes of
brief staring spells, often with fluttering of
the eyelids, lasting only a few seconds
(typically up to 15 seconds) at a time. Fol-
lowing a typical absence seizure, patients
return immediately to their baseline mental
status. Absence seizures are usually of a
generalized onset. Diagnosis can be as-
sisted by hyperventilation trial, which often
provokes the seizures and classic EEG
features.

Benign Rolandic epilepsy occurs in children
aged 3-13 years. A typical presentation is a
seizure characterized by perirolandic or
perisylvian sensorimotor features including
speech arrest, or guttural sounds and fa-
cial numbness or twitching, which may
progress to generalized tonic-clonic activ-
ity. The majority of seizures occur during
sleep or upon awakening. Classic EEG fea-
tures can aid in diagnosing this syndrome.
Other benign partial epilepsies of child-
hood include benign occipital epilepsy of
childhood (Gastaut Syndrome), in which
visual symptoms predominate, as well as
Panyiotopoulous syndrome, with promi-
nent autonomic symptoms.

Juvenile myoclonic epilepsy (JME) occurs in
the teen years. In JME, individuals may
present with generalized tonic-clonic sei-
zures, myoclonic jerks (typically seen
within hours of awakening), and staring
spells (12).

Clinical management of a first seizure

Because medical personnel often do not
witness the first seizure, medical history
may be the most important part in the
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evaluation of a patient. A thorough de-
scription of the event from start to finish
from a primary witness should be ob-
tained. Information should be collected on
what the patient was doing just before the
seizure, as well as on postictal symptoms,
such as confusion or hemiparesis. An
accurate description of seizure semiology,
including whether consciousness was
affected, lateralizing signs or automa-
tisms, and other behaviors is important
because different tests and treatments
may be indicated (or contraindicated) for
specific seizure types. An accurate descrip-
tion of seizure semiology at onset is par-
ticularly important, as this might give
clues as to whether a generalized seizure
actually had a partial onset (3). There are
no specific symptoms to discriminate be-
tween epileptic seizures and non-epileptic
events. Several studies have investigated
prolactin or creatine kinase levels in blood,
that may help distinguish epileptic from
non-epileptic events, but neither approach
is reliable enough for routine diagnostic
use (13). Details of possible fever history,
chronic medical conditions (eg, diabetes),
medications (eg, clozapine), behavioral or
dietary changes, and recent or remote
history of head trauma or CNS infection
must be collected. A family history of epi-
lepsy or febrile seizures, particularly
among first-degree relatives, should be
obtained. A developmental history is im-
portant in assessing possible etiologies
and likelihood of future events (2).

Differential Diagnosis

Many disorders can mimic seizures in
children and should therefore be consid-
ered in the differential diagnosis of a first
seizure in a child. The most common non-
epileptic paroxysmal disorders include the
following:

e Syncope or breath-holding spells

e Migraine

e Benign paroxysmal vertigo

e Behavioral events such as nonepileptic

staring spells, jitteriness, self-
stimulation, or stereotypies
e Gastrointestinal reflux (Sandifer syn-

drome)

e Movement disorders such tics, benign
myoclonus, dyskinesias, or dystonias

e Sleep disorders such as night terrors or
confusional arousals

e Psychogenic pseudoseizures or panic
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attacks (14).

Laboratory and Diagnostic Evaluation

Initial laboratory evaluation of a first sei-
zure can include serum studies for glu-
cose, electrolytes, calcium, and magne-
sium, as well as toxicology studies (15). A
CT scan should be performed if the patient
has had recent head trauma, or presents a
significantly altered mental status, signifi-

cant headache, papilledema or bulging
fontanelle, or an abnormal neurologic
examination. A lumbar puncture (LP)

should be considered in patients who have
fever and a stiff neck, or who have fever
and are unconscious. If increased intracra-
nial pressure is suspected, non-contrast CT
scan should be obtained prior to a LP, as
there may be the risk of inducing cerebral
herniation with space-occupying lesions or
obstructive hydrocephalus. If a CNS infec-
tion is suspected, an appropriate empiric
antibiotic and antiviral medications should
be administered promptly. Steroids are
currently thought to improve the outcome
in some forms of bacterial CNS infection,
in particular Haemophilus influenzae type
b, and should be administered before the
antibiotics as a rapid infusion, unless this
would entail a delay in the initiation of
antibiotic therapy (16). LP is best obtained
prior to antibiotic administration, but it
can also be obtained during, or after, ad-
ministration, if technical factors would
otherwise cause a substantial delay of
treatment. Particular attention should be
paid to the laboratory evaluation of neona-
tal patients, since glucose and calcium
abnormalities can be observed in the first
week of life. When a metabolic abnormality
is suspected in a neonate, a basic meta-
bolic evaluation should be considered,
involving testing for serum ammonia, se-
rum lactate and pyruvate, serum for amino
acids, and urine for organic acids. Further
metabolic studies should be guided by the
patient’s medical history, examination and
clinical course (17). Electroencephalograms
are an important tool in determining prog-
nosis for future seizures and should be
strongly considered for all children with a
first seizure. If the child is clinically stable,
it may not be necessary to perform an EEG
on an emergent basis. An EEG does not
prove whether or not the patient has had a
seizure, as this is a clinical diagnosis. In
healthy individuals, 10% have an abnormal
EEG, whereas 50% of patients with epilepsy
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have a normal first EEG. Repeating the EEG
a second time may increase the sensitivity
to 80-90%. EEGs may be helpful in classify-
ing seizure types and identifying particular
epilepsy syndromes, such as benign ro-
landic epilepsy or JME. This classification
system can help with both the prognosis
and determining appropriate anticonvul-
sant therapy. For more information regard-
ing EEG findings in specific childhood epi-
lepsy syndromes, see EEG in Common
Epilepsy Syndromes (18). If clinical concern
arises for non-convulsive status epilepticus
following a clinical seizure, an EEG can
help to determine if the patient is still
having electrographic seizure activity. An
EEG is important if a nonreactive patient
who has received paralytics for intubation
does not show awakening in the critical
care unit after the expected timeframe.
Clinical signs, such as appropriate pupil
reactivity and withdrawal reflex in re-
sponse to pain/stimulation, can be helpful
clues indicating that the patient is not in
continuous non-convulsive status epilepti-
cus (19).

Neuroimaging

The selection of imaging techniques de-

pends on the clinical features, the age

of the patient  and, if present, the type of
epilepsy suspected (4). According to evi-
dence in the literature, structural altera-
tions visible with neuroradiological imag-
ing techniques (CT-MRI) are presentin
approximately 10% of adults with a first
seizure, suggesting an etiological diagno-
sis (cerebral hemorrhage, cerebral edema,
cerebral post-traumatic complications,
intracranial expansive process) and may be
relevant in determining a possible risk of
recurrence of seizures (20). MRI of the
brain is the test of choice to identify struc-
tural brain lesions. In acute situations and
in poorly cooperative patients, as well as in
patients with contraindications for an MRI

scan, a CT scan is a viable alternative (21).

In the case of new-onset seizures it is rec-

ommended to perform an MRI scan to

determine the etiology of seizures in the

following situations (22):

e focal-onset seizures suspected on the
basis of medical history or EEG;

e unclassifiable seizures debut or appar-
ently generalized crisis in the first year
of life or in adult patients;

e presence of focal neurological or neuro-
psychological deficits;
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e difficulty in obtaining seizure control
with first line drugs (23);

e changes inthe characteristics of
the crisis, indicating the presence of
a progressive disease (24).

The celerity with which MRI should be

performed depends on the clinical context,

and should not exceed 2 weeks post-
seizure.

In patients with seizures or epilepsy, an

urgent CT or MRl scan is recommended

under these conditions:

e new postictal neurological deficit;

e recent trauma, persistent headache,
cancer, bleeding disorders, history of
immunodeficiency (25).

Functional imaging including SPECT (Single

Photon Emission Computed Tomography),

PET (Positron Emission Tomography)

fMRI and other techniques providing infor-

mation on metabolism and cerebral blood
flow can be used in the study of seizure
disorders, but are of limited clinical utility
in most patients with epilepsy. However,
they have an important complementary
role in evaluating patients undergoing
surgery (26).

Role of neuroimaging in children

The evidence in favor of or against per-
forming neuroimaging investigations in
children who present with a single unpro-
voked seizure, are insufficient (27). Neuroi-
maging examinations are recommended in
children with focal neurological deficits or
in children who do not return to pre-
attack neurological function within a
few hours, as well as in children with head
trauma or a history of malignancy. A non-
urgent Magnetic Resonance Imaging (MRI)
procedure should be considered in chil-
dren who are under one year old (28). If
the child has had recent head trauma,
recurrent seizures, focal or new neurologic
deficits, and/or papilledema, neuroimaging
should be obtained. Patients who have
clearly defined epileptic syndromes, such
as petit mal epilepsy or benign rolandic
epilepsy, do not necessarily require a brain
MRI. The necessity for neuroimaging in a
child with new onset afebrile seizures is
controversial (29). Without stratifying
based on history and neurologic examina-
tion findings, a recent meta-analysis re-
ported that emergent head CT resulted in a
change in acute management in 3-8% of
children presenting at an emergency de-
partment with a seizure. Clinically signifi-



CAPSULA EBURNEA, 6(1), 2011.

cant neuroimaging abnormalities have
been reported in 2% of children with a
single afebrile seizure without focal fea-
tures or predisposing conditions. The deci-
sion on whether or not to obtain neuroi-
maging in these cases should be made on
an individual basis and an EEG can be help-
ful. For example, a focal EEG may increase
the suspicion of a structural abnormality
(30).

Conclusion

Seizures in  children are relatively com-
mon clinical occurrences. These are usu-
ally self-limiting, with severe and longer
lasting episodes being rather rare (5). It is
always of paramount importance to obtain
personal and family medical history, de-
tails on seizure characteristics (duration,
location, any physical symptoms such as
bladder or bowel incontinence), body tem-
perature and relevant symptoms, as well as
any history of head injuries (9).
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