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ABSTRACT

Background. Management of pediatric patients presenting with first seizure is challenging, especially with
regards to emergent neuroimaging. The rate of abnormal neuroimaging findings is known to be higher in focal
seizures than in generalized seizures, but those intracranial abnormalities are not always clinically emergent.
In this study, we aimed to determine the rate and indicators for clinically important intracranial abnormalities
that change acute management in children presenting with a first focal seizure to the pediatric emergency
department (PED).

Methods. This study was conducted retrospectively in the PED at a University Children’s Hospital setting. The
study population consisted of patients aged between 30 days and 18 years with first focal seizure and who had
emergent neuroimaging at the PED between the years 2001 and 2012.

Results. There were 65 eligible patients meeting the study criteria. Clinically important intracranial abnormalities
requiring emergent neurosurgical or medical intervention were detected in 18 patients (27.7%) at the PED. Four
patients (6.1%) underwent emergent surgical procedures. Seizure recurrence and the need for acute seizure
treatment in the PED were significantly associated with clinically important intracranial abnormalities.

Conclusions. Neuroimaging study yielding of 27.7% shows that first focal seizure must be evaluated
meticulously. From the emergency department’s point of view; we suggest that first focal seizures in children
should be evaluated with emergent neuroimaging, if possible with magnetic resonance imaging. Especially
patients with recurrent seizures at presentation requires more careful evaluation.

Key words: children, first seizure, first focal seizure, emergent neuroimaging, important intracranial
abnormalities, seizure recurrence.

Seizures are the most common neurological  their life, and seizures account for a major part
problem reported during childhood. It has been of pediatric emergency department (PED) visits
shown that 4-6% of children between the ages (1%).!

of 0-16 years have a seizure at least once during The management of “first seizure” other

than simple febrile seizure (SFS) has been
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priority must be to rule out a life-threatening
intracranial condition and determine the
need for emergent neurosurgical or medical
intervention in order to prevent loss of time
and labor, deferring non-urgent evaluation to a
later time to be performed electively. With this
aim, defining the patients who will benefit most
from emergent neuroimaging is an important
task. Guidelines published by Hirtz et al.* in
2000 recommended emergent neuroimaging
for first seizure in pediatric patients who had
a persistent post-ictal neurologic deficit and/
or that could not return to baseline neurologic
status, but the focal seizure was subject to
non-emergent neuroimaging. A reassessment
was published by Harden et al.® in 2007, and
focal seizure was considered as an indication
for emergent neuroimaging. On the other
hand, some authors recommend emergent
neuroimaging in the first afebrile focal seizure
based on the patient’s age.”” Guidelines
published from Ontario in 2015 recommend
emergent neuroimaging in the first afebrile
focal seizure.!

In this study, we aimed to determine the rate of
clinically important intracranial abnormalities
that change acute management in patients
presenting with a first focal seizure and to
investigate the clinical indicators and risk
factors for emergent neuroimaging at the PED
in this patient group.

Material and Methods

This study was conducted retrospectively in
the PED at a University Children’s Hospital
setting. The study was approved by the Ethics
Committee of Hacettepe University (GO 14/577)
and conducted in accordance with the latest
version of the Declaration of Helsinki.

In the study, inclusion criteria were defined as;
age between 30 days and 18 years, presenting
with first focal seizure (no previous seizure other
than SFS), receiving emergent neuroimaging
(computed tomography-CT and/or magnetic
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resonance imaging-MRI) at the PED before
discharge. Thus; infants and children aged
between 30 days and 18 years who presented
with first focal seizure (febrile or afebrile) to
the PED between January 2001 and February
2012 who had emergent neuroimaging were
included. Patient history, physical examination,
and clinical follow-up notes were manually
written and archived as files on those dates;
whereas laboratory tests and radiological results
were recorded on the hospital information
system. In our center, the first focal seizure is
a criterion for emergent neuroimaging even in
the absence of any other clinical alarming signs
although there is no written local protocol. For
obtaining study patients properly; first, the list
of all patients who underwent brain CT and/
or MRI in the PED for any reason between the
study dates were identified. Then, sections
of short clinical information for ordering
neuroimaging in the hospital information
system were searched for the words ‘focal
seizure” and a preliminary list of patients with
the first focal seizure was created. Files of these
patients were obtained from the medical archive
system, and after a detailed manual evaluation
of these files, patients with first focal seizure
who had undergone brain CT and/or MRI
were included in the study. Exclusion criteria
were; age younger than 30 days, incomplete
basic information, unclear seizure type, and
having a previous seizure other than a SFS.
More detailed information for determining
study patients is presented in Figure 1. The
following information was obtained from the
medical records of each patient and recorded
on a standardized data collection form: Age,
gender, associated symptoms, family history
of seizure or epilepsy, developmental history,
presence of any chronic systemic or neurological
disease, physical and neurological examination
findings, laboratory test results, treatment with
anticonvulsants in the PED, neuroimaging
findings, electroencephalogram (EEG) findings,
final diagnosis, and antiseizure medication
prescription for maintenance therapy (if
present) and results in follow-up (if present).
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There were 528,891 visits to the PED

between January 2001 and February

2012

Patients who had brain CT and/or MRI in the

PED during the study period

(n=9945)

Section of short clinical information for ordering neurcimaging in the hospital
information system were searched for the words ‘focal seizure’ and a preliminary list
of patients with first focal seizure (febrile or afebrile) was created. Files of these
patients were asked from the archive system.

(n=492)

Files of 260 patients
were not available

Files of 232 (47%) patients were manually evaluated

for the study criteria

65 patients were found eligible

for the study

Fig. 1. Identification of study patients.

We defined focal manifestations as a clinical
seizure with motor components including head
and eye deviation to one side, clonic and/or
tonic movements, or loss of muscle tone in only
one side of the body, with or without evolution
to bilateral tonic clonic seizure in accordance
with the International League Against Epilepsy
(ILAE) guidelines.”” Focal seizures that are
recorded to be more than one episode either just
before coming to PED or during the period in
the PED are considered as ‘seizure recurrence’
within 24 hours. According to International
League Against Epilepsy (ILAE) guidelines,
when the duration of seizure is 25 minutes
patients are diagnosed and treated as status
epilepticus SE.” However, for the scope of this

98

167 patients were not
eligible either due to
-age or

-having previous seizure
other than simple
febrile seizure or
-unclear seizure type
(focal or general) and
incomplete basic clinical
data

study, status epilepticus (SE) was considered
as a single seizure episode or multiple episodes
lasting >30 minutes without recovery of
consciousness/function in between episodes.

A complex febrile seizure was defined as a
seizure associated with fever without evidence
of intracranial infection or defined cause and
has a focal onset and/or lasts longer than 15
minutes and/or occurs more than once in 24
hours in a child between six months and five
years of age."

Acute bacterial meningitis was defined as
pleocytosis and/or the growth of a pathogen in
cerebrospinal fluid (CSF).
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Outcome Assessment

The principal outcome of our study was
defined as clinically important intracranial
abnormalities in brain imaging requiring
emergentneurosurgical or medical intervention.
We defined this based on the ILAE classification
which was established in 2009 and is widely used
for the evaluation of intracranial pathologies in
terms of a clinical emergency, management,
and follow-up (Table I)."” For our study, we
considered clinically important intracranial
abnormalities as Class IV and Class V lesions
which are described as pathologies having
therapeutic implications and those that need
more immediate/urgent intervention. In this
context, encephalitis/meningitis was classified
as Class IV if empiric therapy was started prior

to imaging and as Class V if so after imaging.'¢

Statistical Analysis

The Statistical Package for the Social Sciences
(SPSS) for Windows 15.0 program was used
for all data analyses in this study. Data was
expressed as percentage, median, or mean +
standard deviation. The continuous variables
were compared using a two-tailed t-test for the
parametrically distributed data or the Mann-
Whitney U test for the nonparametrically
distributed data. The categorical variables were
analyzed using a chi-square test. A p value of
0.05 or less was considered to be significant.

Table I. Classification of neuroimaging findings (15).

Emergent Imaging in First Focal Seizure in Children

Results

Between January 2001 and February 2012, 9945
patients who underwent neuroimaging in
the PED were identified. After the evaluation
of patient records and files, 65 patients who
met the criteria were enrolled in the study
(Fig. 1). The mean age of the patients was 56
+ 52.4 months (31 days to 195 months) and 43
(66%) of the patients were male. Although the
number of patients with fever was 30 (46%),
only 10 of them had a complex febrile seizure.
Sixteen patients (24.6%) had an underlying
chronic illness, either neurological or systemic.
These included; cognitive/motor delays (n=
10), hydrocephalus (n= 1), brain tumor (n= 2),
and other chronic systemic diseases (n= 3);
hereditary spherocytosis (n= 1), cystinosis (n=
1), Down syndrome and atrioventricular septal
defect (n=1). Demographic characteristics of the
study patients are presented in Table II.

Abnormal neurological examination findings
consisted of focal symptoms/signs in 27 (41%)
of the patients (Table II). These were Todd
paralysis in four patients, hemiparesis in one
patient, unilateral central facial paralysis in
one patient, tongue deviation to one side and
asymmetric increased/decreased deep tendon
reflexes (DTR) or unilateral pathological reflexes
in the remaining patients. Other symptoms/
signs such as drowsiness, lethargy, and hypo/
hyperactive DTRs were present in 15 patients

Categories

Examples

Class I- Nonspecific

Class II- Static remote lesions

Class III- Focal lesion responsible for the seizure that does not
require immediate intervention but would be potentially amenable

to epilepsy surgery

Class IV- Subacute or chronic process that has therapeutic
implications and requires more immediate intervention or that has

important diagnostic or prognostic implications

Class V- Acute process that requires urgent intervention or need for
additional urgent diagnostic evaluation and counseling

Periventricular leukomalacia, atrophy
Porencephaly, malformation of cortical
development

Focal cortical dysplasia or mesial
temporal sclerosis

Brain tumor, leukodystrophies,
metabolic disorder

Hydrocephalus, acute stroke or
hemorrhage, meningoencephalitis,
metabolic cytopathy
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and neurological examination was normal in 23
(35%) patients.

Sixty-two patients initially underwent brain CT,
while the other three patients initially had brain
MRI at the PED. A subsequent brain MRI was
also performed in 19 patients after brain CT at
the PED before discharge/admission. Overall
neuroimaging at the PED revealed clinically
important intracranial abnormalities requiring
emergent neurosurgical or medical intervention
in 18 patients (27.7%). The demographic, clinical
characteristics and radiological results of these
patients are presented in Table IIl. Brain CT
and MRI of three of these patients are shown in
Figures 2 and 3. In four patients, brain CT was
normal, but MRI revealed clinically important
intracranial abnormalities, namely three cases of
meningoencephalitis and one cerebrovascular
event (arterial occlusion).

Four patients (6.1%) underwent emergent
surgical procedures (Table III). In addition to
these four patients, the evaluation of a patient

Table II. General characteristics of the study patients
(n=65).

Age (months)* 56 +52.4
1 - 6 months 9 (14)
6 - 12 months 6 (9)
12 months - 5 years 24 (37)
5 - 18 years 26 (40)

Male gender 43 (66)

Symptoms accompanying seizure
Fever 30 (46)
Vomiting 26 (40)
Headache 10 (15)

Physical examination findings
Any abnormal neurological findings 42 (64)
Focal symptoms/signs after seizure 27 (41)

Past medical history and family history
Underlying illness 16 (24.6)
History of SFS 3 (4.6)
History of SFS in family 5(7.7)
Family history of epilepsy 6(9)

Data are presented as number (percentage), unless
indicated otherwise. *Meanz+standard deviation; SFS:
simple febrile seizure.
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with a right focal seizure revealed the presence
of a hemorrhagic cavernoma in the left frontal
region, although he was not operated on until
one month after admission.

In order to identify risk factors; we performed
a comparison between the characteristics
of the patients with clinically important
intracranial abnormalities requiring emergent
neurosurgical or medical intervention and
other patients (those with normal imaging and
nonemergent abnormalities) (Table IV). This
comparison revealed that seizure recurrence in
PED or within 24 hours, and the need for acute
seizure treatment in PED were significantly
associated with clinically important intracranial
abnormalities (p; 0.004, 0.017, and 0.017
respectively).

Lumbar puncture (L/P) was performed in 23
patients (36.5%). Although the CSF cultures
were all negative, other CSF findings were
abnormal in four patients. In these patients,
the final diagnosis was miliary tuberculosis

Fig. 2. Images of an 18-month-old patient presenting

with a right focal seizure lasting about 2 minutes.
Axial non-enhaced CT images (A, B) show cortical
hypodense lesions which then were shown as acute
cortical infarcts by diffusion restriction of cytotoxic
edema on diffusion-weighted imaging (C, D)
obtained an hour later. The patient was diagnosed
with hereditary spherocytosis on further work-up.
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and tuberculous meningitis in one patient, and
meningoencephalitis in the other three patients.

Electroencephalogram was performed in 48/65
(73%) patients and there was an abnormality in
35/48 (73%) of them. Among these, epileptiform
activity was present in 15 (31%) patients. Other
abnormalities were seen in the remaining 23
patients such as irregular, asymmetric or slow
background activity. Antiseizure medication
was initiated in 41 (63%) patients.

After discharge from the PED, during the long-
term follow-up, brain MRI was performed
additionally for 14 patients, and none revealed
any abnormalities necessitating emergent
intervention. Considering 19 patients who

Emergent Imaging in First Focal Seizure in Children

underwent MRI at the PED after CT before
discharge, a total of 33 patients had cranial MRI
in addition to CT. Among these patients, there
was a discrepancy between the CT and MRI
results in 12 patients (36%) with normal CT
findings despite abnormal MRI results. Eight
of them were non-emergent abnormalities
which could be important in long term follow-
up, while four of them (12%) were clinically
important intracranial abnormalities: Three
cases of meningoencephalitis and one acute
cerebrovascular event (arterial occlusion). On
the other hand, the abnormality rate in the
overall imaging including those performed
during follow-up (brain CT and/or MRI) was
55%.

Fig. 3. Images of a child at the age of 5 months (upper row; A to D) and 15 month-old (lower row; E to H)
child presenting to Pediatric Emergency Department with focal seizures. Nonenhanced CT of the patient shows
nonspecific subtle left frontal periventricular hypodensity (A, arrow) while MRI obtained 6 hours later shows
left frontal and parietal cortical tiny foci of diffusion restrictions and diffuse pial enhancement on diffusion-
weighted imaging (B, C, arrowheads) and post-Gadolinium T1W image (D). Lower row shows nodular T2
hypointense lesions in the left medial cerebellar hemisphere (E, dashed arrow) and right frontal cortical (F,
double arrow) which enhance on post-Gadolinium T1W series (G, H). Please note increased number of lesions
are seen on post-contrast imaging. These patients received diagnosis of meningoencephalitis (upper row) and
CNS tuberculosis (lower row) lesions.
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Table IV. Comparison of patient characteristics based on presence of clinically important intracranial

abnormalities by neuroimaging (brain CT and/or MRI).

Emergent Imaging in First Focal Seizure in Children

Patients with clinically

important intracranial Other
abnormalities on patients o)
neuroimaging N=47
N=18
Age (months), median (range) 21.5 (1.5-195) 53 (1-188) 0.322
Male gender 12 (66) 31 (66) 0.957
History
Fever 6 (33) 24 (51) 0.199
Vomiting 8 (44) 18 (38) 0.651
Chronic disease 7 (38.9) 9 (19.1) 0.098
Seizure characteristics
Seizure duration (min.), median (range) 3 (0.1-60) 5(0.5-70) 0.211
Number of seizure episodes/day, median (range) 2 (1-7) 1(1-7) 0.073
Patients with >1 seizure episode/day 11 (68.8)* 20 (42.6) 0.070
Focal symptoms/signs after seizure 10 (55.6) 17 (36.2) 0.156
Acute seizure treatment in PED 12 (66.7) 16 (34) 0.017
Seizure recurrence in PED 12 (66.7) 13 (27.7) 0.004
Seizure recurrence within 24 hours 13 (72.2) 18 (39.1) 0.017

Data are presented as number (percentage), unless indicated otherwise. p values less than 0.05 are printed in bold.
CT: computed tomography, MRI: magnetic resonance imaging, min.: minutes, PED: pediatric emergency department.
*Information regarding number of seizure episodes were missing in two patients in this group.

Discussion

In this study, pediatric patients who presented
with a first focal seizure and had neuroimaging
in the PED were evaluated, and the requirement
for emergent neuroimaging from an emergency
department point of view was assessed.
The rate of clinically important intracranial
abnormalities was 27.7% whereas the total
abnormality rate in neuroimaging was 55%.
Furthermore, the rate of patients who needed
emergent surgical intervention was 6.1%.
Seizure recurrence in PED or within 24 hours
and the need for acute seizure treatment in
PED were significantly associated with the
presence of clinically important intracranial
abnormalities in neuroimaging.

The need for emergent neuroimaging and
its effect on the management of the first
seizure in children have been discussed
previously.>'"'7 In general, it is suggested that
emergent neuroimaging is not necessary for
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first seizure patients. However, regarding
‘first focal seizure’ different approaches have
been suggested in the literature. Some authors
recommend emergent neuroimaging®!!
whereas some authors recommend it only if
there are any predisposing conditions or if
the age of the patient is younger**'° and some
further recommend non-emergent imaging.’
Sharma et al’ reviewed 500 children with
new onset afebrile seizure, of whom 167 (33%)
presented with documented focal features.
After excluding patients with predisposing
conditions, they found that 12.7% of the focal
seizure patients had clinically significant
abnormal imaging findings, mostly at younger
ages, and suggested emergent imaging for focal
seizure patients if the age is under 33 months.’
In a recent study, Amagasa et al."® found that
focal seizure, prolonged seizure, and seizure
cluster (similar to ours’) were risk factors for
CT or MRI abnormalities. The only study in
the literature that included solely first afebrile
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seizure patients with focal manifestations with
quite wide exclusion criteria such as underlying
chronic disease, altered mental status, acute
trauma, etc., found the rate of clinically urgent
intracranial pathology as4.1%, withhemorrhage
and infarction being the most common.” In
that study, the authors suggested emergent
neuroimaging for focal seizure patients under
the age of 18 months. Recently Brugman et
al.’® published a study about the necessity of
urgent brain CT for the first seizure in which
they used the same case classification system
as ours’. In that study, predictors for clinically
important intracranial pathologies were found
as persistent post-ictal abnormal neurological
state and a new post-ictal focal finding however
focal onset failed to reach statistical significance.
Compared with most of these studies, in our
study the rates are quite higher which may be
due to several factors. Since we aimed to assess
general risk factors for clinically important
intracranial abnormalities in first focal seizure
not only in previously healthy children but
for all pediatric patients (30 days-18 years)
admitted to the PED, we did not exclude
patients with fever or chronic underlying
conditions. Our hospital is a tertiary referral
hospital localized in the center of the country
and an important part of the patients admitted
to the PED have underlying chronic conditions.
Therefore, our cohort might represent a more
severe and complicated patient group than
the general population. The rate of 27.7% that
we found for clinically important intracranial
abnormalities in emergent neuroimaging
supports the need for emergent neuroimaging
in this patient group. The differences between
several previous studies and our study may
be related to the differences both in patient
inclusion/exclusion criteria and the description
of “clinically important abnormalities”.

In this study, seizure recurrence in PED
or within 24 hours and the need for acute
seizure treatment in PED were significantly
associated with clinically important intracranial
abnormalities. Our comparison also revealed
that the median number of seizure episodes/
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day and rate of patients with multiple seizure
episodes/day were higher in the group with
clinically important intracranial abnormalities
although results were not statistically
significant, most likely due to the low number
of cases (Table 1V). Here we note that seizure
recurrence at the PED or multiple focal seizures
at presentation should alert the clinician for
emergent neuroimaging at the PED. There are a
few studies pointing to the number of seizures
at the presentation of the first seizure.’'® Other
than emergent imaging, recurrence of seizure
also supports the need for a longer follow-up at
the PED or admission to the wards."

In the current study, there was a discrepancy
between the yields of CT and MRI results in 12
patients (36%) with normal CT and abnormal
MRI results. Of note, four of 12 patients
(12%) had clinically important intracranial
abnormalities; three meningoencephalitis cases
and an arterial ischemic infarct. In the study
by Sharma et al.?, among the patients whose
brain CT was normal, 43% underwent brain
MRI and clinically significant abnormalities
were detected in 3.7% of them. In another
study that included patients under two years
of age (excluding newborns) presenting with
first afebrile seizure, among the patients with
normal CT, the rate of abnormality in the MRI
was 33%. Most of these abnormalities were not
urgent but important for the patient’s prognosis
and long-term management, however, in
one patient MRI revealed a watershed infarct
that required acute management similar to
our study.” As an imaging modality, with
superior soft tissue contrast, MRI shows minor
developmental malformations, white matter
lesions, parenchymal lesions, neurocutaneous
disease lesions, and thrombotic cerebrovascular
events, and pathologies of posterior fossa better
than CT. Requirement for anesthesia, especially
in young children, and higher cost represent the
key disadvantages of MRI. However, CT offers
the advantages of widespread availability,
speed, low cost, and superiority in acute
bleeding and calcification as well as fractures;
yet, with the major disadvantage of radiation
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exposure. In the guidelines published by ILAE,
it is mentioned that MRI is superior to CT in
patients presenting with seizures, although CT
can be considered a screening method when
MRI is not available or cannot be performed.’
In the same report, it is also noted that in cases
of recurrent seizures, abnormal neurological
examination, or for better description of the
abnormalities seen in CT, brain MRI can be
performed. Similarly, it has been mentioned
in other studies that an MRI should be the
preferred neuroimaging modality in children
presenting with first afebrile seizure although it
may not be available or applicable for emergent
cases.”!! From the view of the management
at the PED; we suggest a faster MRI protocol
including fluid-attenuated inversion recovery
(FLAIR) and diffusion-weighted imaging
designed for prompt diagnosis and treatment,
especially in the early phase of vascular infarcts.

The present study has some limitations, mainly
due to its retrospective nature and small sample
size. As shown in Figure 1, we were unable to
reach all patient files for manual review, most
likely due to the shortcomings in the archive
system during those dates. This was the major
handicap that led to a small sample size despite
the fact that our center is a reference hospital.
Other than these factors, although first focal
seizure was a strict criterion for performing
emergent neuroimaging in our center, our
method for patient selection may have created
a possible bias and a small portion of patients
may have been missed. Also, some seizures
with a very short focal onset may be overlooked
as general seizures and hence not listed as focal
seizures.

In this study, pediatric patients with first
focal seizure were evaluated, and the yield of
neuroimaging studies for clinically important
intracranial abnormality was 27.7%. This
shows that focal seizures must be evaluated
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meticulously. From an emergency department
point of view, we suggest that first focal seizures
in pediatric patients should be evaluated with
emergent neuroimaging, if possible with a
dedicated MRI protocol. Especially those with
recurrent seizures at presentation should be
subject to more careful evaluation. Prospective
studies in these patient groups are needed and
will contribute more to identifying the risk
factors.
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