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Brain Magnetic Resonance Imaging Findings and Distribution of the Findings

According to the Age Groups in Childhood Epilepsies
SK Balik', M Oztiirk?, C Goya®, F Ekici®

ABSTRACT

Objective: To retrospectively analyse the magnetic resonance imaging (MRI) observations and
the distribution of etiological factors according to age groups in cases with MRI examinations

for an epilepsy diagnosis.

Methods: The brain MRI of 606 cases from the 0—17 years age group were analysed retrospec-
tively, and the findings were evaluated according to the age group.

Results: In 274 cases (45.2%) at least one lesion from different pathology groups was observed.
The most frequently observed pathologies were parenchymal damage, hippocampal sclerosis

and cortical developmental anomalies.

Conclusion: An MRI is a non-invasive, irradiation-free imaging method that can be used in
the follow-up of epileptic patients to detect underlying pathologies and treatable causes of

epilepsy.
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INTRODUCTION
A seizure is a paroxysmal attack caused by a cerebral
neuron, abnormal and excessive release of neurotrans-
mitters and is symbolized by a sudden modification in
sensory-motor functions, behaviour, memory or con-
sciousness. Epilepsy may be defined as the tendency of
the brain to create epileptic seizures, and this situation
may have conscious, psychological and social results
and may be defined as a clinical pattern (1). Seizures
may be observed at a rate of 3%—5% during childhood.
While epilepsy occurs at 0.5%—1% in the general popu-
lation, it starts during childhood in 60% of patients (2).
Epilepsy is considered a genetic or acquired disease and
is believed to be multifactorial (3). In various studies
and in 30%-35% of cases, the original aetiology has
been determined (4). The determination of the aetiology
is important in the planning of the treatment.

Imaging methods are required in patients believed
to be epileptic as a result of physical and neurologi-
cal examinations and laboratory analyses for epileptic

patient evaluations (5). Magnetic resonance imagings are
performed more than other methods for the evaluation
of epileptic patients in which the diseases are associ-
ated with cerebral structural impairments. Magnetic
resonance imagings hold the most important place
among radiological imaging methods for the evalua-
tion of epileptic patients due to their high resolution of
soft tissue and multi-planar imaging capacity. There are
few extended MRI studies concerning imaging method
epilepsies and the distribution of etiological factors
according to age.

The aim of our study was to diagnose early MRI
observations and treatable causes of epilepsy and to
determine the etiological factors according to age group.

SUBJECTS AND METHODS

This retrospective study was carried out following
the approval of the local institutional review board.
Adherence to principles announced in the Declaration
of Helsinki was observed. The study included 606 cases
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between 0 and 17 years of age who were submitted to
brain MRI examinations and diagnosed as having epi-
lepsy in the Paediatric Neurology Department of our
hospital between June 2008 and August 2012. The
patients who underwent operations and were non-
conforming for imaging procedures due to movement
artefacts were not included in the study.

Brain MRI observations were performed using 1.5
and 3.0-T (Achieva; Philips Medical Systems, Best, the
Netherlands) devices and head coils. All observations
were performed according to the epilepsy protocol. In
Dicle University, Medical Faculty Hospital, Diyarbakir,
Turkey, the MRI protocol used as a routine in 1.5-T
and 3.0-T MRI devices presents the T2-weighted fast
spin-echo sequence (FSE) in the axial and coronal
planes, sequence fluid-attenuated inversion recovery
(FLAIR), and non-contrast T1-weighted 3D turbo field
echo sequences. In examinations performed in the 1.0-T
MRI device, T1-weighted spin echo (SE), T2-weighted
FSE, proton-weighted FSE in the coronal plane, and
T1-weighted SE sequences in the sagittal plane were
used. According to the pathology determined during
the examination, 0.1 mmol/kg of an intravenous para-
magnetic contrast substance (gadodiamide [Omniscan;
Amersham Health, Cork, Ireland], gadopentetate dimeg-
lumine [Magnevist; Schering AG, Berlin, Germany] and
gadobutrol [Gadovist; Schering AG, Berlin, Germany])
was administered at 2 ml/sec via the antecubital vein and
the SE sequence T1-weighted axial, coronal and sagittal
plane images were obtained. To reduce movement arte-
facts in children, chloral hydrate (50 mg/kg) was given
orally to help the patient sleep. No sedatives were used
in older children who cooperated. Two radiologists with
10 and 3 years of experience of neuroradiology reviewed
the MRI images in consensus and blind to diagnosis.

Statistical analyses

The computer program SPSS 22.0 for Windows (IBM
Corporation, Armonk, New York, NY, USA) was used to
perform the statistical analysis (descriptive study).

RESULTS

Atotal of 606 cases including 369 boys (60.9%) and 237
girls (39.1%) from the 0—17 years age group (mean age:
7.4 years) were included in this study. In our study, there
were 79 cases in the infant age group (13.2%), 358 cases
in the children age group (59%),and 169 cases in the
adolescent age group (27.8%). No lesions were detected
in the brain MRIs of 332 cases (54.8%). In 274 cases
(45.2%), at least one lesion from different pathology
groups was observed. The distributions of the lesions
detected in the MRIs according to age and the pathology
groups are given in Table 1.

When we classified the cases of our study according
to age groups (Table 2), the most important proportion
of pathologic findings was for the infant group and the
most frequent pathology encountered in all groups was
parenchymal damage with 118 patients (43%) (Fig. 1).
The MRI observations detected in these cases were
encephalomalacia and gliosis development in the pre-
natal-perinatal-post-natal periods due to ischemic, toxic,
infectious, inflammatory and traumatic causes.

The second largest group was the cortical develop-
mental anomalies group with 34 (12.5%) cases in our
study (Fig. 3). The pathologies we determined were
cortical dysplasia (n = 10), heterotopia (n = 8), polimi-
crogiria (n = 7), corpus callosum agenesis/dysgenesis
(n = 4), holoprosencephaly (n = 2), hemimegalencepha-
ly (n = 1), schizencephaly (n = 1) and Aicardi syndrome
(n = 1). The most frequently observed pathologies in
this group were cortical dysplasia, heterotopia, and

Table 1:  Distribution of lesions detected in MRI according to the pathology groups
Pathology Groups detected in MRI Infants Children Adolescents Number of  Percentage
(n=42) (n=160) (n=72) cases of cases
Parenchymal damage 22 64 32 118 43
Hippocampal sclerosis 2 18 12 32 11.7
Cortical developmental anomalies 5 22 7 34 12.5
Cerebral atrophy 4 16 6 26 9.5
Tumour/cyst 1 17 10 28 10.3
Neurocutaneous syndromes 1 8 1 10 2.7
Myelinization disorder 4 4 1 9 33
Vascular anomalies 2 5 1 8 29
Metabolic-degenerative diseases 1 6 2 9 33

MRI = magnetic resonance imaging.
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Table 2: Number of cases and proportion of pathologic findings according to the age group

Total number of cases Cases with no pathology Cases with pathology Parenchymal damage
Infant (1-12 months) 79 (13.2%) 37 (47%) 42 (53%) 22 (52.3%)
Children (1-10 year) 358 (59%) 198 (55.5%) 160 (44.5%) 64 (40%)
Adolescent (10-17 years) 169 (27.8%) 97 (57.4%) 72 (42.6%) 32 (44.4%)

Fig. 1. Leukomalacia/gliosis with ventricular enlargement and volume loss
at transverse T2-weighted fast spin-echo MR (A) and transverse
fast fluid-attenuated inversion recovery (FLAIR) MR images (B).

MR = magnetic resonance.

Fig. 3:

Subependymal nodular lesions that were isointense with grey mat-
ter extending into the lateral ventricles (arrow) at a transverse T2-
weighted fast spin-echo MR image (subependymal heterotopia).
MR = magnetic resonance.

Right hippocampal signal abnormality and volume loss in a 9-year-
old boy. Increased signal with a volume loss in the right hippocam-
pus at coronal T2-weighted fast spin-echo MR (A) and a volume loss
at coronal fast fluid-attenuated inversion recovery (FLAIR) (arrow)
MR images (B). MR = magnetic resonance.

Fig. 2:

polimicrogiria. Congenital bilateral perisylvian syn-
drome was associated with five cases of polimicrogiria.

The other largest group was the hippocampal sclero-
sis group with 32 cases (11.7%) (Fig. 2). Of these cases,
we determined bilateral hippocampal sclerosis in 10
cases, left hippocampal sclerosis in 12 cases and right
hippocampal sclerosis in 17 cases.

In 26 of our patients (9.5%), we observed increases
in the depth and width of the cerebral fissure and sulcus.
These were associated with diffuse cerebral atrophy and
enlargements at various levels of the ventricular system.

In our study, arachnoid cysts were detected in 16
cases. Arachnoid cysts were present in the left temporal
fossa (n = 6), retrocerebellar region (n = 5) and in the
right temporal fossa (n = 2). Moreover, there were cho-
roid fissure cysts in three patients. In 12 cases in which
we detected tumour lesions (4.01%), hamartom (n = 5),
low-grade glial tumour (n = 3) and dysembryoplastic
neuroepithelial tumour (DNET) (n = 4) were present. In
the cases with low-grade glial tumour, masses were pre-
sent in the left temporal lobe in one patient, and in the
left globus pallidus in the other. In two of the four DNET
cases detected, the lesions were localized in the left tem-
poral gyrus and in the left median temporal lobe. In a
case believed to be DNET, masses were present in the
right temporal lobe, and in another case, cortical masses
were present in the right parietal parafalcine.

We determined there were eight patients in the neu-
rocutaneous syndrome group (2.7%). Tuberosclerosis
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(n = 5), neurofibromatosis (n = 3) and Sturge—Weber
syndrome (n = 2) were observed in the neurocutaneous
group.

In our study, myelination defects were observed in
eight patients (3.3%). Furthermore, regions with modifi-
cations in hyper-intense signals in the white matter in T2
imaging, considered as dysmyelination, were observed.

There were nine cases (3.3%) in the metabolic-degen-
erative group. Three of these patients presented with Van
der Knapp disease, while the other two presented with
Leigh disease, four cases glutaric aciduria type 2. We
determined that there were eight patients (2.9%) in the
vascular anomaly group. Sinus vein thrombosis (n = 2),
venous angioma (n = 2), cavernous angioma (n = 2)
and arteriovenous malformation (AVM) (n = 2) were
observed in this group.

DISCUSSION

In 45.2% of the epilepsy cases during childhood, we
detected pathologies using MRIs. The most frequently
determined pathologies were parenchymal damage,
hippocampal sclerosis and cortical developmental
anomalies. Cerebral atrophy, tumours/cysts, myelini-
zation defects, vascular anomalies, neurocutaneous
syndromes and metabolic-degenerative disorders were
also detected. When considered according to age groups,
the most important proportion of pathologic findings was
observed in the infant group. The most frequent pathol-
ogy encountered in all groups was parenchymal damage.

Early diagnosis and treatment are very important in
the control of seizures during childhood and also for the
protection of neuronal damage due to repetitive seizures,
normal development, reduction of drug side effects and
increasing the quality of life (6). Imaging methods are
not needed in the idiopathic epilepsy group. The diag-
nosis is established according to the seizure type and the
electroencephalography observations. There is no struc-
tural damage in the brain of such patients (7, 8). In the
symptomatic epilepsy group, there is structural damage
that leads to frequent seizures. In patients with sympto-
matic seizures, imaging methods, especially MRIs, are
required (5).

One of the important causes of neurological damage
developed during the pre-perinatal period is hypox-
ic-ischemic events (9). The maturation state of the
brain during the period of brain damage development
is related to the intensity and duration of the event.
Hypoxic-ischemic encephalopathy developing in early
pregnancy before the 20™ week leads to periventricu-
lar white matter damage [periventricular leukomalacia]

(10). Hypoxic-ischemic event rates during childhood
epilepsy vary between 8% and 23% (11-13). In our
study, this rate was 19.7%, which is consistent with the
results reported by previous studies.

Hippocampal sclerosis is the most frequently
observed pathologic lesion in patients with temporal
lobe epilepsy and is the cause of 60%—80% of complex
partial seizures (14). The surgical success rate in patients
with hippocampal sclerosis is relatively high; thus, a
pre-operative diagnosis is very important. The most reli-
able qualitative MRI observations in a FLAIR sequence
in hippocampal sclerosis are atrophy and signal changes
in the hippocampus (15, 16). The hippocampal sclero-
sis rate in epilepsy cases in the children’s group varies
between 50% and 70% (17-20). In a similar study by
Kalnin et al (11), this rate was 14.9%. In our study,
this rate was 11.7%. The differences in the rates may
be associated with differences in age groups and patient
populations.

Cortical developmental anomalies may be defined
as the most frequent epileptogenic lesion in chronic
extratemporal epilepsies. An MRI is a valuable method
in the diagnosis of cortical developmental malforma-
tions and allows for the determination of 50%—70% of
the anomalies (21). Kalnin et a/ (11) studied childhood
epilepsy and reported a cortical development anomaly
rate (12%) similar to our results. Cerebral/cerebellar
atrophy is characterized by non-recoverable brain tissue
loss, is associated with enlargements in regions with
intra- and extracerebral cerebrospinal fluid (CSF) and
has many causes including metabolic, demyelinating,
degenerative and cerebrovascular diseases (22). The
cerebral/cerebellar atrophy rate for childhood epilepsies
is reported to be between 10% and 19% (11, 13). In our
study, this rate was similar at 9.5%.

The brain tumour rate in the general epilepsy popula-
tion is 2%—4%, and the sensitivity of MRI use for their
detection is about 100%. The tumour lesions leading to
epilepsy are usually close to the cortex and temporal
lobe. Low-grade lesions such as low-grade astrocytoma,
oligodendroglioma, ganglioglioma, ganglioneuroma,
DNET and mixed gliomas have been detected in one-
third of the children submitted to temporal lobectomy
due to epilepsy (23, 24). The brain tumour rate in the
children’s epilepsy group is 3.2%—4.6% (25, 26). In our
study, this rate was 4%, which confirms the literature
data. Arachnoid cysts are arachnoid membrane congeni-
tal lesions with CSF secretion. They constitute 1% of all
intracranial masses (27).
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In a similar study by Amirsalari ef a/ (13), the cyst
determination rate (5%) was similar to our value. The
development of normal myelin may be monitored by
conventional MRI. Ischemia, infection, myelin damage
associated with toxins (demyelination) and modifica-
tions related to the construction of damaged myelin
(dysmyelination) may be easily detected by MRI, but
these two situations may not be differentiated. Cerebral
MRI examinations present a high sensitivity for complex
neuronal development disorders and neurodegenerative
diseases; unfortunately, they also have low specificity
(28). In our study, myelination disorders were present
in 3.3% of cases and there is no data about the rate of
myelinization disorders in the literature.

One of the etiological groups causing epilepsy is
vascular anomalies. Presentation types include seizures,
progressive neurological deficits, restless headaches,
intracranial haemorrhages and hydrocephaly (29).
Extensive studies concerning the imaging of epileptic
diseases (26, 30) have reported that they have roles in
2%—5% of cases, but this rate is expected to be lower
during childhood. In our study, this rate was 2.9%.

Metabolic and neurodegenerative diseases may
affect grey and white matter, or both. Magnetic reso-
nance imaging observations are mostly non-specific. A
primary cortical block leads to epileptic seizures and
mental destruction. In our study, the rate of metabolic-
degenerative diseases was 3.3%, and there is no data
concerning the rate of metabolic-degenerative diseases
in the literature.

Dura’-Trave” et al (12) reported that the pathology
detection rate with MRIs is higher in the infant group
than in both the children and adolescent groups. In our
study, the rate of MRI pathology detection was higher
in the infant group. The most frequent pathology deter-
mined in all age groups was parenchymal damage,
similar to the study by Dura’-Trave” et al (12).

CONCLUSION

Magnetic resonance imaging is a non-invasive imaging
modality that does not contain any ionizing radiation
and may be used to determine pathologies leading to
epileptic attacks during childhood. The most frequent
pathologies in all age groups were signs of parenchymal
damage. Other common pathologies were hippocampal
sclerosis and cortical developmental anomalies.
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