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ABSTRACT
Introduction: Epilepsy is a global health problem decreasing
the quality of life of many children. Neuroimaging particularly,
Magnetic Resonance Imaging (MRI), plays a crucial role in
precisely identifying epileptogenic foci that are potentially
amenable to surgical resection for a possible cure.
Aim: To assess the diagnostic accuracy of MRI in the detection
and characterisation of causes of paediatric epilepsy and
evaluating association of the diagnostic yield of MRI with the
electroencephalogram and the clinical features.
Materials and Methods: This was a cross-sectional observational
study comprising of 100 children with epilepsy in the age group
of 1 month to 18 years from December 2017 to December 2019.
The mean age of presentation was 8.79±6.12 years. The patient’s
clinical data and surface electroencephalogram data were
recorded. Subsequently performed brain-MRI was associated
with the Electroencephalography (EEG) and neurological findings.
Data obtained were recorded and statistical analysis was done

using Statistical Package for Social Sciences (SPSS) version 23
program.
Results: Among 100 children 53% were boys and 47% were girls.
The mean age of presentation was 8.79±6.12 years. In the present
study, 57% of children had generalised tonic-clonic seizures,
21% had partial seizures, 16% had absence seizures and 6%
had myoclonic seizures. On MRI investigation, 61% were found
to be normal and 39% were MRI positive. Among the positive
cases, the maximum numbers of cases were of cortical gliosis
(10%). On statistical evaluation, a significant association was
established between the MRI and EEG findings (p=0.03) and MRI
and neurological findings (p=0.001).
Conclusion: MRI plays a significant role in the evaluation of
paediatric epilepsy and it is the imaging modality of choice to
establish the correct diagnosis owing to its high spatial resolution
and excellent soft-tissue contrast, making MRI the most versatile
and useful diagnostic imaging tool for epilepsy patients.
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INTRODUCTION
Epilepsy is defined as recurrent (two or more) epileptic seizures,
without any immediate identified cause [1]. An epileptic seizure
occurs as a result of excessive and abnormal neuronal activity
originating in the gray matter of the cerebral cortex [2]. According to
the World Health Organisation (WHO), of the 50 million people with
epilepsy worldwide, 80% reside in developing countries [3].
The routine investigations of epilepsy include Electroencephalography
(EEG) and neuroimaging. Despite the low sensitivity of EEG, an abnormal
EEG helps to determine seizure type and epilepsy syndrome, and
thereby choice of antiepileptic medication and prediction of prognosis
[4]. Due to involved radiation exposure and poor sensitivity of Computed
Tomography (CT) in demonstrating epileptogenic focus, MRI has largely
replaced CT scan for epilepsy workup. However, CT retains a role in
detecting calcification and in acute situations like head trauma, status
epilepticus, and acute ischaemic insult in an emergency setting.
The introduction of MRI has revolutionised epilepsy work-up and is
now-a-days considered the modality of choice for detecting any form
of structural lesions. MRI is considered the imaging modality of choice
because of superior anatomic resolution in the characterisation of
pathological processes, its excellent ability to differentiate gray-white
matter, and the status of myelination at no radiation risk. The sensitivity of
MRI in identifying epileptogenic foci in patients with medically refractory
patients has been reported to be more than 80% [5]. The basic role of
radiological imaging in epilepsy is to define any structural anomalies or
pathologies and to aid in the patient treatment protocol [6].
Journal of Clinical and Diagnostic Research. 2021 May, Vol-15(5): TC09-TC15

The purpose of this study was to assess the diagnostic accuracy
of MRI in the detection and characterisation of causes of paediatric
epilepsy and correlating the MRI findings with the EEG and the
clinical features. Authors also discuss MRI imaging appearance of
various causes of epilepsy in the paediatric population.

MATERIALS AND METHODS
A cross-sectional observational study was conducted on 100 children
with epilepsy in the age group of 1 month to 18 years who were
referred for MRI scanning to the Department of Radiodiagnosis at Goa
Medical College, Bambolim, Goa, India. The study was commenced
following Institutional Ethical Clearance (approval letter dated Nov
18, 2017). This study was conducted using data collected from
December 2017 to December 2019 for a period of two years. The
informed consent was obtained from the patient’s guardians/parents
before MRI scanning. All referred seizures patients (n=116) within the
study duration fulfilling the inclusion criteria were included in the study,
of which 16 patients didn’t have EEG records, hence sample size of
100 was chosen.
Inclusion criteria: All epilepsy patients in the age group of 1 month
to 18 years, referred for MRI and presented to the Department of
Radiodiagnosis in our institute during the study time period were
included in the study.
Exclusion criteria: Patients beyond 18 years, or those with any
known contraindication to MRI. e.g., cochlear implant, patients with
previously diagnosed non-central nervous system disorder as a
9
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potential cause of epilepsy or Drug-induced seizures/hypoglycaemic
attacks, those with a head injury and acute ischaemic insult were
excluded from the study.
Patient’s characteristics: Epilepsy was defined as two or more
episodes of unprovoked seizures 24 hours apart and was further
categorised according to International League Against Epilepsy (ILAE)
guidelines [1]. Clinical data including patient’s age, gender, family history,
type of seizure, age at onset, and finding of neurological examination,
were noted. Surface electroencephalogram data was also recorded.

MRI Imaging Technique
All MRI cases were performed on a 1.5 Tesla MAGNETOM AVANTO
system using standard coils. Patients were scanned in the supine
position using dedicated epilepsy protocol. This protocol at our
institution include T1 weighted sagittal and axial images, T2 weighted
axial image, coronal Fluid-Attenuated Inversion Recovery Sequences
(FLAIR), diffusion-weighted imaging, T2 weighted coronal oblique
sequence, FLAIR coronal oblique sequence, T1 inversion recovery
sequence, and Magnetisation Prepared Rapid Gradient Echo
(MPRAGE) Sequence. The parameters used are shown in [Table/
Fig-1]. Intravenous gadolinium was used in few cases using T1
weighted fat suppressed sequences in axial, coronal, and sagittal
planes. Sedation whenever needed was used under the careful
observation of a paediatrician after due consent from the parents or
guardian of the child.
TE in ms

TR in ms

Slice thickness
in mm

T2 Axial

99

4090

3-5 mm

201×230

T2 Oblique coronal

107

3850

3.0 mm

180×180

9

600

3-5 mm

180×180

Sequences

T1 Axial
T1 Sagittal

8

500

3 -5 mm

Field of
view in mm

200×200

FLAIR coronal

114

8000

3.0 mm

180×200

FLAIR oblique coronal

107

3050

3.0 mm

180×180

MPRAGE

3.2

2000

1.0 mm

208×256

T1 IR coronal

70

7150

3-5 mm

240×180

DWI

103

5000

3-5 mm

200×200

[Table/Fig-1]: MRI sequences and their parameters used at our institution as part
of dedicated epilepsy protocol.
TE: Time to echo; TR: Repeatition time; FLAIR: Fluid-attenuated inversion recovery;
MPRAGE: Magnetization prepared-rapid gradient echo; T: Time; IR:Inversion recovery; DWI: D
 iffusion
weighted imaging; ms: Millisecond; mm: Millimetre; MRI: Magnetic resonance imaging

Interpretation of images: MR images were reviewed by two senior
radiologists for the presence of any possible epileptogenic focus.
Findings of the MRI were noted and later correlated with the EEG
and clinical/neurological findings.

STATISTICAL ANALYSIS
Data obtained were recorded in Microsoft Excel worksheets and
statistical analysis was done using International Business Machines
(IBM) Statistical Package for Social Sciences (SPSS) version 23
program running on Windows Operating System. A categorical
variable was displayed in terms of percentages and proportions.
Continuous variables were expressed as mean and Standard
Deviation (SD). Student t-test and Chi-square test were used to test
the statistical significance. A p<0.05 was considered significant.

RESULTS
Out of 100 paediatric patients, 53% were boys and 47% were
girls. Most patients presented in the age group of 6-10 years (26%)
[Table/Fig-2]. The mean age of presentation was 8.79±6.12 years.
The occurrence of seizures was more in a male child at a younger
age than a female child [Table/Fig-3].
Among the seizure types, the most common pattern encountered
was generalised tonic-clonic seizures accounting for 57%, followed
10
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by partial seizures (21%), absence seizures (16%), and myoclonic
seizures (6%). Among partial seizures, 15 patients had simple partial
seizures and 6 patients had complex partial seizures.
Frequency
Age group

Boys (n=53)

Girls (n=47)

Percent (%)

<1 year

6

7

13

1-5 years

13

12

25

6-10 years

10

16

26

11-15 years

10

6

16

>15 years

14

6

20

Total

53

47

100

[Table/Fig-2]: Age-group distribution.
Girls (n=47)
Clinical history
Age at onset (years)

Boys (n=53)

Student t-test

Mean

SD

Mean

SD

p-value

8.38

5.79

6.06

5.28

0.049

[Table/Fig-3]: Age of onset distribution according to gender.
p-value <0.05 considered statistically significant

In present study, 72% of children with seizures had no significant
or relevant clinical history. Rest of the patients had positive family
history of seizures (15%), birth asphyxia (7%), trauma (4%), and
cerebral palsy (2%).
The diagnostic yield of MRI was 39%. Almost 61% of patients did not
have any epileptogenic cause identified on 1.5 Tesla MRI. The most
common pathology encountered was cortical gliosis accounting for
10% of all the MRI positive cases [Table/Fig-4].
MRI findings

Frequency (n)

Percentage (%)

Normal

61

61

Pathological findings

39

39

Gliosis

10

10

Malformation of Cortical Development (MCD)

8

8

Hypoxic Ischaemic Encephalopathy (HIE)

6

6

Mesial Temporal Sclerosis (MTS)

6

6

Infection-Tuberculoma

2

2

Tuberous Sclerosis

2

2

Tumour and tumour like conditions

5

5

100

100

Total

[Table/Fig-4]: Various findings during the MRI investigation are listed.
MRI: Magnetic resonance imaging

Among the 8% patients with Malformation of Cortical Development
(MCD), focal cortical dysplasia was seen in 3 patients, polymicrogyria
(2), heterotropias (2), and alobar holoprosencephaly (1). Authors
found only 2% of patients with infection, both were tuberculomas.
Among the tumours, 2 were ganglioglioma, 1 meningioma, 1 tectal
glioma, and 1 patient had medulloblastoma.
Total 33% of patients with generalised seizures, 6% with myoclonic,
6% with partial type, and 16% with absence seizures had normal
MRI. About 15 out of 21 patients (71.4%) with partial seizures had
positive MRI findings [Table/Fig-5].
EEG investigation revealed 48% normal studies and 52% with positive
findings (22% with focal and 30% with a generalised type of seizures
on testing). [Table/Fig-6] shows the association between the various
EEG findings and their respective MRI findings.
[Table/Fig-7] shows the various clinical and neurological findings
whether normal or abnormal against their respective MRI findings.
On neurological examination, 82% were found to be normal.
Among these on MRI investigation, 54 patients (65.9%) turned
out to be normal and 28 patients (34.1%) had MRI demonstrable
epileptogenic foci. The remaining 18% of patients who had
positive neurological/clinical findings, 11 patients (61.1%) were
Journal of Clinical and Diagnostic Research. 2021 May, Vol-15(5): TC09-TC15
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Seizure type in group

Absence

Focal

Generalised
tonic clonic
seizures

Normal

16

6

33

6

61

Gliosis

0

6

4

0

10

Malformation of cortical
development

0

3

5

0

8

Mesial temporal
sclerosis

0

5

1

0

6

Hypoxic ischaemic
encephalopathy

0

0

6

0

6

Tuberculoma

0

0

2

0

2

Tuberous sclerosis

0

0

2

0

2

MRI diagnosis

Myoclonic

Total

Tumours

0

1

4

0

5

Total

16

21

57

6

100

Among the various causes identified on MR, Brain injury (gliosis)
was the most commonly identified brain pathology (10%), followed
by MCD (8%), HIE (6%), and MTS (6%). Other causes included were
brain tumours, phakomatosis, and infections.
Brain injury and its sequelae: Gliosis is the outcome of different
brain insults leading to epilepsy. The categories under this umbrella
are inflammatory, vascular, and post-traumatic causes. MR imaging
shows gliotic areas being T2/FLAIR hyperintense and hypointense
on T1 weighted images. There is associated volume loss with
thinned out cortex and dilated sulci [Table/Fig-8]. The frontal and
temporal lobes are the most common sites of injury particularly the
orbital surfaces of frontal lobes, ventral surface of temporal lobes,
and frontal and temporal poles [16].

[Table/Fig-5]: Cross table showing the result of comparison MRI findings with seizure
type in children using Chi-square test.
p-value <0.001 considered statistically highly significant

Electroencephalogram (EEG)
MRI

Normal

Abnormal

Total

Normal

46

15

61

Abnormal

2

37

39

Total

48

52

100

[Table/Fig-6]: Association between the MRI and Electroencephalography (EEG)
using Chi-square test; p=0.03 (p<0.05 is considered statistically significant).
Positive Clinical/Neurological findings
MRI

Absent

Present

Total
61

Normal

54

7

Abnormal

28

11

39

Total

82

18

100

[Table/Fig-7]: Association between the MRI and Clinical/neurological findings using
Chi-square test; p=0.001 (p<0.05 is considered statistically significant).

MRI positive and 7 patients (38.9%) had normal MRI. Positive
neurological findings were 5%-hypertonia, 5%-mental retardation,
4%-dysmorphic features, 2%-global developmental delay, 1%failure to thrive, and 1% with hemiparesis.

DISCUSSION
The mean age of the children in the present study was found to be
8.79±6.12 years with maximum numbers of patients in the age group
of 6-10 years which is in concordance with the study done by Gulati
P et al., [7]. Eriksson KJ and Koivikko MJ, showed that the incidence
of generalised seizures is higher in the age group of 0-5 years and
that of partial seizures is higher in the age group of 6-15 years [8].
The present study did not reveal such distribution with generalised
and partial seizures being distributed equally across all age groups.
Approximately, 15% had a family history of seizures in the siblings and
cousins. A study done by Narkhede N et al., showed that positive
family history represents an adverse prognostic factor [9].
In the present study, 57% of the patients presented with generalised
clonic tonic seizures, a finding comparable with studies documented
by Singhvi JP et al., [10] and Bronnen RA [10,11]. The diagnostic
yield of MRI in this study was 39%. This is consistent with the study
done by Eriksson KJ and Koivikko MJ [8]. Studies by Riela AV et al.,
Jabbari B et al., and Heinz ER et al., revealed higher positivity rates of
45%, 43%, and 53%, respectively in their studies [12-14]. In present
study, 24 out of 57 (42.1%) cases with generalised epilepsy showed
positive MR results while 15 out 21 (71.4%) patients presenting with
partial (focal) seizures showed positive MR results. This is similar to
the frequency quoted by Berg AT et al., who also concluded that
most patients with positive neuroimaging findings had partial and
focal epilepsy [15].
Journal of Clinical and Diagnostic Research. 2021 May, Vol-15(5): TC09-TC15

[Table/Fig-8]: Cortical gliosis. Axial T2 weighted (a) and Coronal FLAIR (b) Images
show presence of gliotic area in the left basi-temporal region (thick a
 rrows). It
appears hyperintense on T2 weighted sequence. There is associated v olume loss
with thinned out cortex and dilated sulci. Coronal FLAIR image (b) shows cavities
(thin arrow) within the gliotic region. These cavities follow CSF signal intensity s/o
encephalomalacia. The surrounding gliosis is evident as FLAIR hyperintense area.
(FLAIR-Fluid attenuated inversion recovery sequence).

Porencephaly is one of the most common pre-natal brain lesions
due to necrosis appearing on imaging as smooth-walled cavities that
are isointense to Cerebrospinal Fluid (CSF) on all pulse sequences
surrounded by gliotic white matter. It usually communicates with
the ventricular margins, making it essential to differentiate it from
schizencephaly [17].
Encephalomalacia [Table/Fig-8b] on imaging appears as shaggy walled
cavities separated by thin septations. These cavities follow CSF signal
intensities on all pulse sequences. The surrounding gliosis will be evident
as T2 and FLAIR hyperintense and T1 hypointense signal [18].
Ulegyria is a manifestation of peri-natal vascular injury to the brain.
It is characterised by a shrunken cortex having a peculiar pattern
in which the deep portions of the gyri are more affected than the
superficial portion creating mushroom-shaped gyri associated with
underlying tissue loss and gliosis [19].
Hypoxic-ischaemic encephalopathy [Table/Fig-9] was noted in 6 out of
39 MRI positive patients. All 6 cases had generalised epilepsy, cerebral

[Table/Fig-9]: Periventricular leukomalacia. Axial (a) and coronal (b) T2 weighted
images show gliosis and loss of white matter in the peri-trigonal regions (arrows)
and adjacent to the bodies of the lateral ventricles with ex-vacuo dilatations of the
occipital horns (stars) bilaterally with irregular ventricular margins consistent with
sequelae to hypoxic ischaemic encephalopathy.
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palsy with unprovoked epileptic seizures. Pre-term hypoxic injury with
hypotension results in periventricular white matter injury with gliosis
and cystic encephalomalacic changes. Term hypoxic injury results in
changes in the cortex and subcortical regions as in adults [20].
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4.

Schizencephaly means split-brain and is characterised by a
cleft that connects the cortical surface/pial surface with the
ventricular ependyma. Two types noted–close lip and open
lip types. MRI shows the presence of a gray matter lined
CSF filled defect extending from the brain surface to the wall
of the ventricle. The cleft is lined by dysplastic gray matter
differentiating it from porencephalic cyst wherein the cyst/cleft
is lined by gliotic white matter [26].

5.

Heterotropias reflects abnormality of neuronal migration
with normal-appearing gray matter visible at the abnormal
location, anywhere between ventricles and the pia mater. They
are categorised into two main types based on location as
periventricular heterotropia and subcortical heterotropias. Based
on the appearance, they can be either nodular, band/laminar, or
mass heterotropias. MRI shows this ectopic gray matter along
the ventricular wall (periventricular) or in the subcortical location.
They have similar signal intensity to the gray matter on all
pulse sequences. This basic feature helps these heterotropias
to be differentiated from tumours (mainly gangliocytoma) or
subependymal nodules of tuberous sclerosis [27].

6.

Lissencephaly means “smooth brain”. Lissencephaly spectrum
includes agyria, pachygyria, and subcortical band/laminar
heterotropias representing severe to milder forms in that order.
On imaging Type I lissencephaly shows a markedly thickened
cortex with broad, flat gyri, diminished white matter, and
shallow vertically oriented Sylvian fissures that produce a figure
of eight appearance on axial images. In type II lissencephaly
cortex has a micro-lobulated surface with characteristic fingerlike projection from the inner margin of the thickened cortex in
the underlying white matter [28,29].

7.

Hemimegalencephaly (HMEG) also called unilateral megalencephaly
characterised by the abnormal enlargement of part or all of
the cerebral hemisphere. On imaging, this will be seen as one
hemisphere appearing larger than other along with enlarged lateral
ventricle on the involved side. It is usually associated with abnormal
signal in the white matter appearing hyperintense on T2 and FLAIR
sequence [26].

Malformation of Cortical Development (MCD)
Eight cases of cortical malformations were identified in the present
study among which one case of alobar holoprosencephaly was
identified. This case [Table/Fig-10] showed classic findings of
alobar holoprosencephaly with the incomplete division of cerebral
hemispheres resulting in cerebral cortex confined predominantly to
the anterior basicranium (pancake variety) along with the absence
of corpus callosum, interhemispheric fissure, falx cerebri, and third/
lateral ventricles. Midline fusion of the thalami with a single large
ventricle was observed.

[Table/Fig-10]: Alobar holoprosencephaly. Sagittal T1 weighted (a) and coronal
T2 weighted (b) images show incomplete division of cerebral hemispheres with
the cerebral cortex (thin arrow) confined predominantly to the anterior basicranium
(pancake variety) with a large monoventricle (Star) in the midline. There is absence
of corpus callosum, interhemispheric fissure and falx cerebri. There is fusion of the
thalami noted (thick arrow). Posterior fossa and cerebellum appear normal. These
features are consistent with alobar holoprosencephaly.

Barkovich AJ et al., suggested division of this malformation
according to errors in major stages of cortical development. The
major ones are discussed below [21]:
1.

Microcephaly means small head and is defined as a head
circumference more than three standard deviations below the
mean for age and sex. It can be primary (genetic) or secondary
(non-genetic). MRI demonstrates slanted frontal bones and
a marked decrease in cranial-to-facial proportion. The brain
appears small with simplified gyral patterns. T2* (GRE/SWI)
sequence might delineate secondary insult with haemorrhagic
residua. Other features such as calcification, cysts, gliosis, and
encephalomalacia differentiate primary from secondary [22].

2.

Focal cortical dysplasia is a subtype of MCD reflecting focal
neuronal migrations abnormalities. It is a common cause of
medically refractory epilepsy in both children and adults [23].
MRI features of focal cortical dysplasia [Table/Fig-11] include
cortical thickening, abnormal gyri and sulci, blurring of whitegray matter junction, hyperintense signal in the white matter
and gray matter on T2/FLAIR sequences. Transmantle sign
refers to T2/FLAIR white matter hyperintensity extending from
cortex upto the ventricle [24].

3.

12

Polymicrogyria is characterised by abnormalities both inmigration of neurons to the cortex and abnormal cortical
organisation. This pathology has a predilection for the
perisylvian region, hence called perisylvian syndrome and
bilateral involvement is common. Polymicrogyria represents
areas of the brain with several small abnormal gyri separated
by shallow sulci producing thickened cortex. The cortex
has similar signal intensity to normal gray matter. It is often
associated with schizencephaly; the CSF filled cleft is lined
by abnormal gray matter. The gray-white junction appears
indistinct in these patients [25].

[Table/Fig-11]: Focal cortical dysplasia. Axial T2 weighted (a) and coronal FLAIR
(b) images show T2/FLAIR hyperintense lesion (arrows) in the left frontal lobe with
thickened overlying cortex. No enhancement was seen following contrast injection.
(FLAIR-Fluid Attenuated Inversion Recovery Sequence).

Mesial Temporal (Hippocampal) Sclerosis (MTS)
Among all causes of Temporal Lobe Epilepsy (TLE), MTS is considered
the most common cause identified on imaging. Six cases of mesial
temporal lobe sclerosis were identified constituting 15.38% of the
positive cases. This correlated with the study done by Ponnatapura
J et al., [30] and Liu RS et al., [31]. On imaging [Table/Fig-12] direct
features of MTS include hippocampal atrophy, loss of surface
indentations, an abnormal signal on T2 and FLAIR, enlargement of the
temporal horn, and loss of stratum radiata (thin layer of white matter
overlying the gray matter) [32].
Journal of Clinical and Diagnostic Research. 2021 May, Vol-15(5): TC09-TC15
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[Table/Fig-12]: Mesial Temporal Sclerosis (MTS). Coronal flair (a) image shows
hyperintensity in the right hippocampus (long arrow) compared to the normal appearing
left hippocampus (short arrow). Coronal inversion recovery sequence (b) shows
atrophy of the right hippocampus (long arrow) compared to the normal volume of
the contralateral left hippocampus (short arrow). The temporal horn on the right side
is dilated (arrow head). This findings are direct evidences of right mesial temporal
sclerosis. Careful observation also shows that white matter of the right temporal lobe
appears less compared to the contralateral side representing secondary signs of MTS.

2)

Oligodendrogliomas usually appear hypointense on T1 weighted
and hyperintense on T2 weighted MR images. Occasionally, T1
hyperintense foci may be seen within representing intratumoural
haemorrhage or calcification. Enhancement is variable [34].

3)

Dysembryoplastic Neuroepithelial Tumours (DNETs) on MRI
appear often limited to the cortex, hypointense on T1, and
hyperintense on T2/FLAIR sequences. These lesions usually
produce a bubbly appearance within the thickened cortex.
There is no peritumoural oedema or mass effect and there may
be variable contrast enhancement noted [34].

4)

Tectal glioma [Table/Fig-15] appears as a solid nodule causing
expansion of the tectal plate appearing hyperintense on T2
weighted and iso-hypointense on T1 weighted images, not
showing significant enhancement on the post-contrast scan [35].

5)

Medulloblastoma is usually seen as a midline mass in the
posterior fossa arising out of the cerebellar vermis. It showed
mixed signal intensity on T2 weighted images, hypointense on
T1 weighted images, and show heterogenous enhancement
on the post-contrast scan. Medulloblastomas show diffusion
restriction, the feature that helps them to be differentiated from
other midline posterior fossa tumours especially ependymomas.
It can cause mass effect and effacement of the fourth ventricle
resulting in obstructive hydrocephalus [36].

6)

An atypical (cystic) meningioma is characterised by a well-defined
rounded dural based lesion with a large cystic component along
its medial wall causing mass effect on the right lateral ventricle
[Table/Fig-16].

CNS Infections
In developing countries, tuberculomas and neurocysticercosis are
known to be the most common causes of new onset partial seizures
[7,10]. Tuberculomas [Table/Fig-13] contributed two cases among 39
MRI positive patients which are in contrast to the study conducted
by Gulati P et al., in which tuberculomas accounted for the maximum
number of cases [7]. No case of neurocysticercosis was identified
in the present study. On imaging, tuberculomas appear isointense
on T1WI and hypointense on T2W sequences. If there is marked
necrosis, it appears hyper on T2WI. Nodular and/or ring enhancement
is noted on post-contrast images [33]. Neurocysticercosis develops
through various phases-vesicular, colloidal vesicular, granular nodular
and nodular calcified stage. Corticomedullary junction is the most
common site of involvement. An eccentric nodule-scolex is seen
within the lesion in the vesicular stage. Peripheral ring enhancement
and peri-lesional oedema were noted in the colloidal vesicular and
granular nodular phase [33]. The lesions usually spontaneously resolve
on anti-epileptic medication alone and may calcify on healing.

Two cases of tuberous sclerosis [Table/Fig-17] were identified. Both
presented with generalised tonic-clonic seizures. It is characterised

[Table/Fig-14]: Ganglioglioma. Axial T2 weighted (a) image shows predominantly
cystic appearing mass (thick arrow) in the right temporal region. Axial T1 weighted
post-contrast (b) image shows the lesion in the right temporal lobe (thick arrow)
with nodular enhancement along the medial aspect of the lesion (long thin a
 rrow).
No peri-lesional oedema was noted. Later histopathology confirmed it to be
ganglioglioma.

[Table/Fig-13]: Tuberculoma. Postcontrast T1 weighted axial (a) and coronal
(b) images show conglomerate ring enhancing lesion (arrow) in left basi-frontal region
adjacent to the sylvian fissure. These lesions were T2 hypointense (not shown in the
images). There is associated pachymeningeal enhancement (arrow heads in b) s/o
pachymeningitis.

Neoplasms associated with epilepsy
Neoplastic lesions contributed a total of five positive cases with
ganglioglioma seen in two of the five patients. Other neoplastic
aetiologies noted were one case each of cystic meningioma, tectal
glioma, and medulloblastoma.
1)

Ganglioglioma [Table/Fig-14] is usually well-define T1
hypointense and T2 hyperintense lesions. They show a
variable pattern of post-gadolinium enhancement, ranging
from absent to intense, and may even show an annular pattern
of enhancement [34].

Journal of Clinical and Diagnostic Research. 2021 May, Vol-15(5): TC09-TC15

[Table/Fig-15]: Tectal glioma. Axial FLAIR (a) and Axial postcontrast T1 weighted
(b) images show presence of a small ill defined FLAIR hyperintense lesion in the
tectal plate on the right side (black arrow), not showing significant enhancement
on p
 ostcontrast T1 weighted sequence (white arrows). (FLAIR-Fluid attenuated
inversion recovery sequence).
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to be used as further investigation only if EEG is positive to reduce
the unnecessary burden on the MRI system especially in developing
countries and in the rural areas. This finding is seen in concordance
with the study done by Amirsalari S et al., [39], however shows
discordance with the study done by Ponnatapura J et al., and
Hakami T et al., [30,40].
A statistically significant association was documented between
MRI and findings of clinical/neurological examination in the epilepsy
patients in the current study. This is seen in concordance with the
study done by Amirsalari S et al., [39].

[Table/Fig-16]: Atypical cystic meningioma. Axial T2 weighted (a) and Axial FLAIR
(b) images show presence of a well defined extra-axial lesion in the right frontoparietal region demonstrating solid (short arrows) and cystic (stars) component. The
lesion is extra-axial because the cerebral cortex (double head arrows) is pushed
medially by the lesion. There is associated subfalcine herniation (Long arrows).
Later confirmed histopathologically to be a meningioma. (FLAIR-Fluid attenuated
inversion recovery sequence).

by a constellation of imaging features such as cortical tubers
(triangular-shaped lesions in the Juxta cortical region usually
appearing T2 hyperintense and T1 hypointense and showing
enhancement on post-contrast scan; However, appearance varies
with the age of the child), subependymal nodules (multiple small
irregular calcified/non-calcified lesions along the ependymal surface
of the ventricles), Subependymal Giant Cell Astrocytoma (SEGA)
and irregular white matter radial bands [37].

This study revealed that is MRI is a good and safe neuroimaging tool
for demonstrating epileptogenic focus and has a good diagnostic
yield while evaluating seizure patients. This study also showed a
significant association between the EEG findings and the MRI
findings, proving EEG a good tool for evaluating seizure patients,
however this data needs to be validated in the future using larger
sample size.

Limitation(s)
It is a small sample size based study. There is selection bias as only
those patients referred to the institutions Radiology Department
were enrolled in the study. Follow-up was not considered in present
study setting.

CONCLUSION(S)
In the evaluation of paediatric epilepsy, it is extremely important to
arrive at an accurate diagnosis to decide appropriate treatment
options. In patients with refractory epilepsy, neuroimaging is crucial
for precisely identifying epileptogenic foci that are potentially
amenable to surgical resection for a possible cure. The authors
conclude that MRI is undoubtedly the best neuroimaging modality
for evaluation of paediatric epilepsy and it is the imaging modality
of choice to establish the correct diagnosis, plan the management
according to diagnosis as well as helps in prognosis.
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[Table/Fig-17]: Tuberous sclerosis. Axial FLAIR (a) image shows presence of
cortical tubers (short arrows) along with abnormal white matter (arrow head)
appearing hyperintense on FLAIR sequence. These cortical tubers are cortical
based lesions producing bumpy appearance of the involved areas of the cortex as
shown in (a) by short arrows. Axial MPRAGE sequence (b) shows subependymal
nodules (long arrows) jutting into the lateral ventricles. These features are consistent
with tuberous sclerosis. (FLAIR-Fluid attenuated inversion recovery sequence).

In the present study, no cases with corpus callosal dysgenesis/
vascular malformation or metabolic disorders were noted. In a study
conducted by Bronen RA, the incidence of vascular malformations
was reported as high as 6% [11]. However, the possible reason
for the discrepancy in the present study could be the difference in
the incidence of vascular malformations in this study populations as
compared to the western population and differences in the sample
size and sample constitution.
A study done by Sharma S et al., revealed a significant association
between the type of seizure and positive MRI findings [38]. The
present study also showed a statistically significant association
obtained between the type of seizure and their respective findings
on MRI. Patients with partial seizures are likely to have positive MRI
findings compared to the other patterns of epilepsy presentations.
All patients with absence seizures and myoclonic seizures had
normal MRI investigation.
A statistically significant association was documented between MRI
and EEG findings in the current study. Almost all patients with normal
EEG had normal MRI investigation, hence, authors recommend MRI
14

[1] Guidelines for epidemiologic studies on epilepsy. Commission on Epidemiology and
Prognosis, International League Against Epilepsy. Epilepsia. 1993;34(4):592-96.
[2] Wright NB. Imaging in epilepsy: A paediatric perspective. Br J Radiol.
2001;74(883):575-89.
[3] WHO. Neurological Disorders: Public Health Challenges. Geneva: World Health
Organisation; 2006.
[4] Smith SJ. EEG in the diagnosis, classification, and management of patients with
epilepsy. J Neurol Neurosurg Psychiatry. 2005;76(Suppl 2):ii2-ii7.
[5] Duncan JS. Imaging in the surgical treatment of epilepsy. Nat Rev Neurol.
2010;6(10):537-50.
[6] Arora V, Nijjar I, Mahajan DS, Sandhu PS, Singh JP, Chopra R. MRI in seizure
disorder-A pictorial essay. Indian J Radiol Imaging. 2005;15(3):331-40.
[7] Gulati P, Jena A, Tripathi RP, Gupta AK. Magnetic resonance imaging in childhood
epilepsy. Indian Paediatr. 1991;28(7):761-65.
[8] Eriksson KJ, Koivikko MJ. Prevalence, classification, and severity of epilepsy and
epileptic syndromes in children. Epilepsia. 1997;38(12):1275-82.
[9] Narkhede N, Maniar T, Joshi N, Kulkarni S. Correlating Clinical Features with EEG
findings and Neuroimaging (MRI) abnormalities in Children with Seizure disorder.
IOSR J Dent Med Sci. 2017;16(10):01-04.
[10] Singhvi JP, Sawhney IM, Lal V, Pathak A, Prabhakar S. Profile of intractable
epilepsy in a tertiary referral center. Neurol India. 2000;48(4):351-56.
[11] Bronen RA. Epilepsy: The role of MR imaging. AJR Am J Roentgenol.
1992;159(6):1165-74. Doi: 10.2214/ajr.159.6.1442376. PMID: 1442376.
[12] Riela AV, Penry JK, Laster DW, Schartze M. Magnetic resonance imaging
versus computerized cranial tomography in complex partial seizures. Epilepsia.
1984;25:650.
[13] Jabbari B, Gunderson CH, Wippold F, Citrin C, Sherman J, Bartoszek D,
et al. Magnetic resonance imaging in partial complex epilepsy. Arch Neurol.
1986;43(9):869-72.
[14] Heinz ER, Heinz TR, Radtke R, Darwin R, Drayer BP, Fram E, et al. Efficacy of MR
vs CT in epilepsy. AJR Am J Roentgenol. 1989;152(2):347-52.
[15] Berg AT, Testa FM, Levy SR, Shinnar S. Neuroimaging in children with newly
diagnosed epilepsy: a community-based study. Paediatrics. 2000;106(3):527-32.
[16] Shao ZH, Wang GL, Yi XH, Wang PJ. An intracranial gliosis mimicking neoplasm:
A dilemma. Iran J Radiol. 2016;13(2):e16785.
[17] Ho SS, Kuzniecky RI, Gilliam F, Faught E, Bebin M, Morawetz RB. Congenital
porencephaly: MR features and relationship to hippocampal sclerosis. AJNR Am
J Neuroradiol. 1998;19(1):135-41.
Journal of Clinical and Diagnostic Research. 2021 May, Vol-15(5): TC09-TC15

www.jcdr.net

Nilkanth Laxman Pal et al., Association of MRI with EEG Findings in Paediatric Epilepsy

[18] Frigieri G, Guidi B, Costa Zaccarelli S, Rossi C, Muratori G, Ferrari F, et al. Multicystic
encephalomalacia in term infants. Child’s Nerv Syst. 1996;12(12):759-64.
[19] Gökçe E, Çevik B. Evaluation of different ulegyria patterns with magnetic resonance
imaging. J Clin Neurosci. 2018;58:148-55. Doi: 10.1016/j.jocn.2018.09.006.
[20] Huang BY, Castillo M. Hypoxic-ischemic brain injury: Imaging findings from birth
to adulthood. Radiographics. 2008;28(2):417-39.
[21] Barkovich AJ, Dobyns WB, Guerrini R. Malformations of cortical development
and epilepsy. Cold Spring Harb Perspect Med. 2015;5(5):a022392.
[22] Osborn AG, Salzman KL, Barkovich AJ. Editors. Diagnostic imaging: Brain.
2nd ed. Philadelphia: Amirsys/Lippincott Williams and Wilkins; 2010.
[23] Yagishita A, Arai N, Maehara T, Shimizu H, Tokumaru AM, Oda M. Focal cortical
dysplasia: Appearance on MR images. Radiology. 1997;203:553-59. https://doi.
org/10.1148/radiology.203.2.9114120.
[24] Kabat J, KróL P. Focal cortical dysplasia-Review. Pol J Radiol. 2012;77(2):35-43.
[25] Barkovich AJ, Kuzniecky RI, Jackson GD, Guerrini R, Dobyns WB. Classification
system for malformations of cortical development: Update 2001. Neurology.
2001;57(12):2168-78.
[26] Barkovich AJ, Guerrini R, Kuzniecky RI, Jackson GD, Dobyns WB. A developmental
and genetic classification for malformations of cortical development: Update
2012. Brain. 2012;135(pt.5):1348-69.
[27] Donkol RH, Moghazy KM, Abolenin A. Assessment of gray matter heterotopia by
magnetic resonance imaging. World J Radiol. 2012;4(3):90-96.
[28] Pilz DT, Quarrell OW. Syndromes with lissencephaly. J Med Genet.
1996;33(4):319-23.
[29] Volpe JJ. Neonatal Seizures. In: Volpe JJ, editors. Neurology of the newborn.
5th ed. Philadelphia: WB Saunders; 2008. pp. 203-44.
[30] Ponnatapura J, Vemanna S, Ballal S, Singla A. Utility of magnetic resonance imaging
brain epilepsy protocol in new-onset seizures: How is it different in developing
countries? J Clin Imaging Sci. 2018;8:43. Doi: 10.4103/jcis.JCIS_38_18.

[31] Liu RS, Lemieux L, Bell GS, Sisodiya SM, Bartlett PA, Shorvon SD, et al.
The structural consequences of newly diagnosed seizures. Ann Neurol.
2002;52(5):573-80.
[32] Chan S, Erickson JK, Yoon SS. Limbic system abnormalities associated with
mesial temporal sclerosis: A model of chronic cerebral changes due to seizures.
Radiographics. 1997;17(5):1095-110.
[33] Shih RY, Koeller KK. Bacterial, fungal, and parasitic infections of the central
nervous system: Radiologic-pathologic correlation and historical perspectives.
Radiographics. 2015;35(4):1141-69.
[34] Blumcke I, Aronica E, Urbach H, Alexopoulos A, Gonzalez-Martinez JA. A
neuropathology-based approach to epilepsy surgery in brain tumours and
proposal for a new terminology use for long-term epilepsy-associated brain
tumours. Acta Neuropathol. 2014;128(1):39-54.
[35] Poussaint TY, Kowal JR, Barnes PD, Zurakowski D, Anthony DC, Goumnerova
L, et al. Tectal tumours of childhood: Clinical and imaging follow-up. AJNR Am J
Neuroradiol. 1998;19(5):977-83.
[36] O’Brien WT. Imaging of primary posterior fossa brain tumours in children. J Am
Osteopath Coll Radiol. 2013;2(3):02-12.
[37] Koh S, Jayakar P, Dunoyer C, Whiting SE, Resnick TJ, Alvarez LA, et al. Epilepsy
surgery in children with tuberous sclerosis complex: Presurgical evaluation and
outcome. Epilepsia. 2000;41(9):1206-13.
[38] Sharma S, Riviello JJ, Harper MB, Baskin MN. The role of emergent neuroimaging
in children with new-onset afebrile seizures. Paediatrics. 2003;111(1):01-05.
[39] Amirsalari S, Saburi A, Hadi R, Torkaman M, Beiraghdar F, Afsharpayman S, et
al. Magnetic resonance imaging findings in epileptic children and its relation to
clinical and demographic findings. Acta Med Iran. 2012;50(1):37-42.
[40] Hakami T, McIntosh A, Todaro M, Lui E, Yerra R, Tan KM, et al. MRI-identified
pathology in adults with new-onset seizures. Neurology. 2013;81:920-27.
Doi: 10.1212/WNL.0b013e3182a35193. Epub 2013 Aug 7.

PARTICULARS OF CONTRIBUTORS:
1. Lecturer, Department of Radiodiagnosis, Goa Medical College, Bambolim, Goa, India.
2. Associate Professor, Department of Radiodiagnosis, Goa Medical College, Bambolim, Goa, India.
3. Junior Resident, Department of Radiodiagnosis, Goa Medical College, Bambolim, Goa, India.
4. Lecturer, Department of Radiodiagnosis, Goa Medical College, Bambolim, Goa, India.
NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Nilkanth Laxman Pal,
Lecturer, Department of Radiodiagnosis, Goa Medical College, Bambolim, Goa, India.
E-mail: nil25.pal@gmail.com

PLAGIARISM CHECKING METHODS: [Jain H et al.]
• Plagiarism X-checker: Jan 05, 2021
• Manual Googling: Mar 19, 2021
• iThenticate Software: Apr 23, 2021 (15%)

Author declaration:
• Financial or Other Competing Interests: None
• Was Ethics Committee Approval obtained for this study? Yes
• Was informed consent obtained from the subjects involved in the study? Yes
• For any images presented appropriate consent has been obtained from the subjects. Yes

Journal of Clinical and Diagnostic Research. 2021 May, Vol-15(5): TC09-TC15

Etymology: Author Origin

Date of Submission: Jan 04, 2021
Date of Peer Review: Feb 15, 2021
Date of Acceptance: Mar 25, 2021
Date of Publishing: May 01, 2021

15

