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Abstract

Background: Epilepsy in children carries high risks of comorbidity and mortality, and non-lesional
epilepsy (NLE), where MRI appears normal, is particularly difficult to diagnose and treat. Volumetric
MRI (vMRI) improves the detection of subtle cortical abnormalities and provides quantitative brain
volume analysis. It is essential for enhancing diagnosis and guiding surgical decisions in pediatric
NLE. Aim: To evaluate the role of volumetric MRI in diagnosing children with non-lesional epilepsy.
Subjects and Methods: Fifty-nine children with NLE and 59 controls under 18 years underwent
comprehensive clinical evaluation, electroencephalography, and standardized 1.5T MRI using an
epilepsy protocol. VMRI using volBrain 1.0 for whole-brain segmentation and HIPS 1.0 for
hippocampal subfield segmentation. Quantitative measures assessed gray matter (GM), white
matter (WM), subcortical structures, and hippocampal subfields, with asymmetry indices and age-
and sex-adjusted norms applied to identify subtle abnormalities. Results: Children with NLE showed
reduced volume of WM and subcortical structures, with no significant GM differences from controls.
The amygdala was the most significantly affected structure, followed by bilateral reductions in
hippocampal subfields (CA1, CA2-CA3, CA4-DG, SR-SL-SM), thalamus, putamen, and globus pallidus.
No significant differences were detected in the caudate nucleus or subiculum. Receiver Operating
Characteristic (ROC) analysis revealed that amygdala volume was the strongest diagnostic marker
(AUC 0.963, sensitivity 94.9%, specificity 100%). Hippocampal volume showed moderate diagnostic
accuracy (AUC 0.705, sensitivity 67.8%, specificity 64.4%). Conclusion: Volumetric MRl is a valuable tool
for detecting subtle brain changes in childhood non-lesional epilepsy. Early validation in pediatric
patients is recommended to improve prognosis and guide therapy.
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Introduction: focal, generalized, and undetermined
types G. A combination of imaging
procedures, electrophysiological testing,
and clinical evaluations is required to
diagnose epilepsy. Traditional imaging
modalities, such as computed tomography
(CT) and magnetic resonance imaging
(MRI), do not reveal any lesions in non-
lesional epilepsy (NLE). As a result,
diagnosing the underlying cause of NLE can
be pretty challenging 4. Studies indicate
that the overall prevalence of NLE in
surgical cases is approximately 26% (5. MRI
is considered the gold standard for imaging

Epilepsy is a neurological illness defined by
recurrent and spontaneous seizures. It is a
varied condition that includes various
seizure types and syndromes, different
underlying causes, and varying prognoses.
Currently, the global incidence of epilepsy
is approximately 1-2% (). The frequency is
especially elevated in pediatric patients,
and the syndrome frequently correlates
with  substantial comorbidities and
heightened mortality rates ). Epilepsy is
divided into focal, generalized, combined
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in epilepsy research because it offers
detailed anatomical information about the
brain structures that may be involved (&7,
Neuroimaging is essential in epilepsy as it
aids in detecting the seizure onset zone,
minimizing surgical risks, and identifying
epileptogenic foci (:9),

Children's non-lesional (MRI-negative)
epilepsy is difficult to diagnose and treat.
Even in experienced facilities
implementing optimized epilepsy
protocols, a significant fraction of drug-
resistant pediatric cases have no
detectable lesion on conventional MRI and
have poorer postoperative seizure
freedom rates. This gap has driven the
systematic use of advanced structural post-
processing and quantitative methods to
detect minor anatomical defects that may
be missed visually ). Volumetric Magnetic
Resonance Imaging (VMRI) is a novel T1-
weighted sequence in standard epilepsy
treatment protocols. It enhances the
visualization of the grey matter (GM) and
white matter (WM) interface, which
facilitates the accurate detection and
characterization of minor  cortical
abnormalities, mainly Focal cortical
dysplasia (FCD). vMRI also allows for
automatic computation of volumes in
various brain areas (. Consequently,
assessing the role of volumetric MRI in
pediatric  patients with non-lesional
epilepsy is crucial to ascertain its diagnostic
efficacy in identifying subtle abnormalities
and determining its effectiveness in
informing surgical candidacy.

Aim of the work

This study aims to evaluate the role of
volumetric MRI in the diagnosis of children
with non-lesional epilepsy.

Subjects and Methods:

This case—control study enrolled 118
participants (59 cases and 59 controls)
referred from the Pediatric Neurology

clinic to the MRI Unit, Radiology
Department, Suez Canal University
Hospital. Eligible patients satisfied the
following criteria: either sex, age under 18
years, clinical and electroencephalographic
(EEG) data indicative of epilepsy, absence
of structural abnormalities on conventional
MRI, and a seizure-free interval of at least
72 hours prior to the MRI. Patients were
excluded if they were in a postoperative
state, had a history of head trauma,
experienced febrile seizures, presented
with a structural lesion on MRI that could
elucidate the seizures, had
contraindications to anesthesia necessary
for MRI, or were not good candidates for
an MR, like children with hearing implants;
none of our patients were given any
contrast material.

All  eligible participants underwent
evaluation as follows: baseline
demographic and clinical data were
documented, encompassing age, sex,
prenatal, perinatal, postnatal history,
familial, and other relevant medical history.
A comprehensive seizure history, including
type, semiology, onset, and progression,
was recorded, and all patients underwent
standard scalp EEG as part of the
evaluation.

The research ethics committee of the
Faculty of Medicine at Suez Canal
University approved the study. After an
explanation of the MRI process and its
expected advantages, informed written
consent was obtained from all participants.
Imaging procedure

MRI scan

Patient preparation:

Children received sedation prior to the
imaging, and the procedure was fully
explained to their parents. Imaging was
conducted using a Philips Ingenia 1.5 T MRI
system equipped with a 16-channel head
coil (Philips Medical Systems). The scan
duration was approximately 25 minutes.



31 Role of Volumetric Magnetic Resonance Imaging of the Brain in Children with Non-Lesional Epilepsy

The imaging followed the routine epilepsy
MRI protocol of Suez Canal University,
utilizing standard pulse sequences.

The  procedure  encompassed the
subsequent pulse sequences: T1-weighted
imaging (T1WI) 3D: sTIW_3D_TFE, field of
view (FOV): including entire brain (230
mm), voxel dimensions 1 x 1 x 1 mm
isotropic, signal-to-noise ratio (SNR) = 1.
Echo pulse sequence: gradient, flip angle
30° Echo Time (TE )3.4 ms, (Repetition
Time )TR 7.3 ms; T2-weighted imaging
(T2WI1) _3D_DRIVE: Field of View: including
the entire brain (230 mm), isotropic voxel
dimensions of 1 x 1 x 1 mm, Signal-to-Noise
Ratio = 1, Echo Time 245 ms, Repetition
Time 1500 ms, Signal-to-Noise Ratio = 1; 3D
(Fluid-Attenuated Inversion Recovery )
FLAIR: Field of View 230, voxel dimensions
1.16 1.44 5 mm, repetition time 11,000 ms,
echo time 140 ms, signal-to-noise ratio = 1.
Imaging analysis:

An initial report was generated using a
standard evaluation utilizing Philips ISP
(Intellispace Portal v. 9).

Volumetric and segmentation reporting:

The online MRI-brain volumetric system,
www.volbrain.com, received a
compressed  T1WI  file in  NIFTI
(Neuroimaging Informatics Technology
Initiative) format. Upon completing the
automated process, a PDF report was
generated with volumetric data for the
following: GM, WM, cerebrospinal fluid
(CSF), subcortical GM, and hippocampal
segmentation. Using the ITK-SNAP Version
3.4.0 software, we obtained NIFTI files in
every case. The VolBrain methodology,
which involved using volBrain version 1.0
for whole brain segmentation and HIPS
version 1.0 for hippocampus segmentation,
was described in detail by Manjon and
Coupé(™,

We could access all of the volumetry data
produced by the segmentations after

receiving an email notification that the
process was finished. The following is the
methodology for measuring volumes in
each report: volBrain report: CSF, GM, and
WM volumes were analyzed together with
brain  macrostructure and subcortical
structure. Automated subcortical structure
segmentation and asymmetrical indices
were also provided, in addition to volume
data for numerous macroscopic regions
like the thalamus, cerebellum, brainstem,
and brain hemispheres. Brain lesion report:
types, sizes, and locations of lesions.
Subfield volumes of the hippocampus CAf1,
CA2-3, CA4-DG, Stratum radiatum-Stratum
lacunosum-Stratum moleculare (SR-SL-
SM), and subiculum are reported in the
hippocampus report. A number of quality
control snapshots of the various labelling
outcomes are also included in the report.
All  volumes were provided in cubic
centimeters (cm?) and relative values
proportionately to the intracranial volume
(1cv).

The asymmetry index is calculated by
taking the percentage difference between
the left and right volumes and dividing it by
their respective means. The values inside
the brackets are the expected limits (95%)
of normalized volume for each metric
when considering sex and age. The
predicted boundaries are indicated by
green values, while red values indicate that
the volume is outside of them.

Statistical Analysis:

The data were input and analyzed using the
IBM SPSS software package, version 20.0
(Armonk, NY: IBM Corp.). We used
percentages and numerical values to
display the qualitative data. To determine
if the distribution was normal, the
Kolmogorov-Smirnov test was used. To
describe the quantitative data, the
following measures were used: range
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(minimum and maximum values), mean,
standard deviation, and median. A
significant level of 5% was determined for
the findings. The categorical variables
were compared using the Chi-square test,
and the quantitative variables, which were
not normally distributed, were compared
using the Mann-Whitney test. Also, to
assess how well the characteristics under
study performed diagnostically, we used
receiver operating characteristic (ROC)
curve analysis. After calculating the area
under the curve (AUCQ), the optimal cutoff
values were chosen by considering the
sensitivity and specificity.

Results:

There were 59 controls and 59 cases in this
investigation of non-lesional epilepsy. The
average age of patients was 6.12 years (+
4.09), and their ages varied from 0.5 to 17
years. The control group had participants
aged 1-16, averaging 6.39 years (+ 3.06). In
the control group, there were 36 females
(61.0%) and 23 males (39.0%), but in the
patient group, there were 34 females
(57.6%) and 25 males (42.4%). Regarding
gender and age, no statistically significant
difference was found between the two
data sets (Table 1).

Table (1): Demographic data among the studied groups.

Demographic data Cases (n=59) Control (n=59) Testof Sig. |p
Sex

Male 25 (42.4%) 23 (39.0%) -

Female 34 (57.6%) 36 (61.0%) 1= 0.140 0-708
Age (years)

Mean = SD. 6.12 £ 4.09 6.39 +3.06 B

Median (Min. - Max.) 6.0 (0.50 - 17.0) 7.0 (1.0 — 16.0) U=1611.50 0-485

SD: Standard deviation
p: p-value for comparing the two studied groups

, U: Mann-Whitney test

, ¢ Chi-square test

The patient group is evenly divided
between focal seizures (52.5%) and
generalized seizures (47.5%). Temporal
lobe focal seizures are the most common
(27.1%), followed closely by frontal lobe

seizures (25.4%). Among the generalized
types, generalized tonic-clonic seizures
(GTC) account for 25.4%, while tonic
seizures comprise 18.6%;  myoclonic
seizures are rare (3.4%) (Table 2).

Table (2):

Distribution of seizures in patients (n=59)

Seizures

No. (%)

Focal frontal lobe

15 (25.4%)

Focal temporal lobe

16 (27.1%)

Generalized tonic

11 (18.6%)

Generalized tonic clonic

15 (25.4%)

Generalized myoclonic

2 (3.4%)

The total gray matter (GM) volume did not
differ significantly between groups (cases:
52.35 * 15.11 vs. controls: 52.45 * 10.36, p =
0.421), but white matter (WM) volume was
significantly reduced in the epilepsy group
(36.05 * 13.92 vs. 38.29 + 88.12, p = 0.014).

At the cerebral level, the total WM was
lower in patients (32.30 * 11.79 vs. 33.88 +
6.60, p = 0.030), whereas total GM was
nearly identical between groups. Both
right and left cerebral WM volumes were
significantly reduced in cases compared to
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controls, while GM volumes in these
hemispheres showed no significant
differences. Bilateral thalamic volumes
were substantially smaller in the epilepsy
group (right: 0.43 + 0.03 vs. 0.77 £2.82,p =
0.037; left: 0.46 + 0.04 vs. 0.61 + 1.42, p =
0.008). The amygdala showed strikingly
lower volumes in epilepsy patients (total:
0.06 * 0.04 vs. 0.12 = 0.02, p < 0.001), with
both right and left sides significantly
smaller. Volumes of the globus pallidus
were significantly reduced bilaterally in
cases (right: 0.08 + 0.02 vs. 0.09 + 0.01¢, p
= 0.004; left: 0.08 + 0.02 vs. 0.09 + 0.01,p =
0.003). There was also a significant
asymmetry difference (p = 0.024). No
significant volumetric differences between
groups were observed in caudate volumes
(total: 0.58 * 0.11 in cases vs. 0.57 * 0.12 in
controls, p = 0.701). The putamen was
significantly smaller in the epilepsy group
(total: 0.56 + 0.12 vs. 0.61+ 0.08, p = 0.010),
with both right and left sides reduced (p <
0.001and p = 0.014, respectively) (Table 3).

Children  with  non-lesional  epilepsy
demonstrated significantly smaller
hippocampal volumes than controls (0.25 +
0.06 cm?vs. 0.28 + 0.02 cm?, p < 0.001). This
reduction was evident bilaterally. The CA1
subfield was significantly reduced in cases
compared to controls (0.09 * 0.02 vs. 0.10
+ 0.01, p = 0.007). Marked reductions were
observed in CA2-CA3 volumes among
cases (total: 0.02 + 0.01vs. 0.02 + 0.0, p =
0.001). The CA4-DG subfield was
significantly smaller in patients (0.06 + 0.02

VS. 0.07 * 0.01, p = 0.002). The SR-SL-SM
showed the most pronounced reduction,
with patients having 0.04 + 0.01 compared
to 0.05 * 0.01 in controls (p < 0.001). Both
hemispheres demonstrated highly
significant differences (p < 0.001). In
contrast, the subiculum volumes were not
significantly different between groups
(0.03 * 0.01 in both groups, p = 0.133).
Regarding asymmetry, there are generally
no differences between the groups, except
in the CA2-CA3 region, which shows
significantly higher asymmetry in patients
(30.51 * 38.17 vs. 14.46 * 25.08, p = 0.025)
(Table 4).

In ROC analysis, the total percentage of the
amygdala was the most effective
discriminator, achieving an area under the
curve (AUQ) of 0.963, with a sensitivity of
94.9% and a specificity of 100%. The
accuracy at the cutoff of <0.08% was 97.5%.
In comparison, other markers
demonstrated only fair to moderate
performance. The total percentage of the
hippocampus had an AUC of 0.705, with a
sensitivity of 67.8% and a specificity of
64.4%. The CA1/CA2-CA3/CA4-DG regions
produced AUC values between 0.645 and
0.671, with accuracies around 62-65%.
Among these, the CA4-DG region provided
the highest specificity at 72.9%. The
putamen percentage had an AUC of 0.637
and an accuracy of 67.0%. All AUCs were
statistically significant (p < 0.01) (Table 5).
Cases with non-lesional epilepsy are shown
in figures 1, 2, 3
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Table (3): Volumetric measures of different brain regions among the studied groups.

. Cases (n=59) |Control (n=59)
volume (cm?/%) Mean = SD. Mean + SD. v P
Whole brain tissue volume
White matter (WM) 36.05+13.92 [38.29 + 8.12 1283.0" 0.014"
Gray matter (GM) 52.35 + 15.11 52.45 %+ 10.36 1591.0 0.421
Cerebrum volume
Total GM 45.58 £13.40 [45.26£9.14 1573.0" 0.367
Total WM 32.30+11.79  [33.88£6.60 1337.0" 0.030"
Right GM 22.48 + 6.61 22.67 + 4.55 1657.0 0.653
Right WM 16.81 £ 7.05 17.18 +3.31 1360.0°  |0.040"
Left GM 22.94 +6.08 |22.58 £4.59 1494.0 0.184
Left WM 15.97 + 5.83 16.72 * 3.83 1342.0" 0.032"
Asymmetry 0.32 £5.76 0.41£1.59 1711.500 |0.876
Thalamus volume
Right 0.43%0.03 0.77 £2.82 1355.500" |0.037"
Left 0.46 £ 0.04 0.61%1.42 1252.0" 0.008"
Asymmetry -4.47 + 9.69 -5.46 % 13.79 1690.0 0.786
Amygdala volume
Total 0.06 + 0.04 0.12 £ 0.02 129.0" <0.001"
Right 0.03 % 0.01 0.10 £ 0.14 13.500" <0.001"
Left 0.03 % 0.01 0.08 +0.10 9.500" <0.001"
Asymmetry 10.66 £ 50.58 [16.24 * 49.26 1601.0 0.450
Globus pallidus volume
Total 0.17 £0.08 0.18 £ 0.02 1246.500" |0.007"
Right 0.08 * 0.02 0.09 * 0.01 1221.500" |0.004"
Left 0.08 +0.02 0.09 * 0.01 1202.500" |0.003"
Asymmetry -4.09 £10.97 |-1.28 £9.04 1324.0" 0.024"
Caudate volume
Total 0.58 + 0.11 0.57 £ 0.12 1669.500 |0.701
Right 0.30 + 0.03 0.30 +0.04 1713.500 |0.883
Left 0.29 + 0.03 0.29 + 0.04 1629.0 0.537
Asymmetry 2.97 £5.14 4.29 +3.80 1589.0 0.412
Putamen volume
Total 0.56 + 0.12 0.61+0.08 1263.0" 0.010"
Right 0.29 + 0.06 0.32 £ 0.03 1079.0" <0.001"
Left 0.28 £ 0.06 0.30 + 0.05 1289.500" |0.014"
Asymmetry 1.327.92 -0.35 £ 5.63 1443.0 0.107

SD: Standard deviation, U: Mann-Whitney test
p: p-value for comparing the two studied groups

*: Statistically significant at p < 0.05
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Table (4): Volumetric measures of the hippocampus among the studied groups
. Cases (n=59) | Control(n=59)

volume (cm?/%) Mean + SD. Mean + SD. v P
Hippocampus volume
Total 0.25+0.06 0.28 £ 0.02 1028.0" | <0.001"
Right 0.13+0.04 0.14 * 0.01 1259.0" | 0.009"
Left 0.12 £0.03 0.14 + 0.02 1115.0° | 0.001"
Asymmetry 3.69 £26.82 2.92 £11.59 1623.0 0.526
CA1volume
Total 0.09 * 0.02 0.10 £ 0.01 1237.0" | 0.007"
Right 0.05 * 0.01 0.05 % 0.01 1359.0" | 0.040"
Left 0.05 % 0.01 0.05 * 0.01 1185.0" | 0.003"
Asymmetry 4.43 £ 32.08 2.13 £14.70 1506.0 | 0.206
CA2-CA3 volume
Total 0.02 * 0.01 0.02 £ 0.0 1145.0° | 0.001"
Right 0.01% 0.0 0.01%0.0 1377.0" | 0.049"
Left 0.01+0.0 0.01%0.0 1012.0" | <0.001"
Asymmetry 30.51+ 38.17 14.46 * 25.08 1324.0" | 0.025"
CA4-DG volume
Total 0.06 *0.02 0.07 % 0.01 1179.0° | 0.002"
Right 0.03 % 0.01 0.04 £ 0.01 1143.0° | 0.001"
Left 0.03 % 0.01 0.04 £ 0.01 1210.0° | 0.004"
Asymmetry 8.77 £25.21 7.01£16.51 1638.0 0.581
SR-SL-SM volume
Total 0.04 *0.01 0.05 * 0.01 943.0" | <0.001"
Right 0.02 % 0.01 0.03%0.0 1023.0" | <0.001"
Left 0.02 % 0.01 0.03%0.0 1035.0° | <0.001"
Asymmetry 5.95 * 37.37 3.53 £13.75 1687.0 | 0.773
Subiculum volume
Total 0.03 % 0.01 0.03 % 0.01 1462.0 | 0.133
Right 0.02 % 0.01 0.02 0.0 1482.0 | 0.163
Left 0.02 * 0.01 0.02 0.0 1589.0 | 0.414
Asymmetry -16.30 £37.69 | -11.03 + 23.92 1594.0 | 0.430
SD: Standard deviation, U: Mann-Whitney test
p: p-value for comparing the two studied groups *: Statistically significant at p < 0.05

epilepsy patients

Table (5): Receiver operating curves (ROC curves) for volumetric changes among the non-lesional

Volume (cm3/%) Sensitivity [Specificity [PPV NPV Accuracy |Cutoffvalue |AUC  |p value
Total hippocampus  [67.80%  [64.41% 65.6% |66.7% |66.11% |<0.2701 0.705 [<0.001"
Total CA1 59.32% 64.41% 62.5% |61.3% |61.87% |<0.1028 0.645 [0.007"
Total CA2-CA3 61.02% 62.71% 62.1% |61.7% |61.87% |<0.0189 0.671 |0.001"
Total CA4-DG 57.63% 72.88% 68.0% [63.2% [65.26% |<0.0692 0.661 [0.003"
Total amygdala 04.92%  [100.0% 100.0% [95.2% [97.46% |<0.08 0.963 [<0.001"
Total putamen 66.10%  67.80% 67.2% [66.7% |66.95% |<0.59 0.637 [0.010"

IAUC: Area Under a Curve
INPV: Negative predictive value
*: Statistically significant at p < 0.05

p value: Probability value
PPV: Positive predictive value
# The cutoff was chosen according to the Youden index

Cl: Confidence Intervals
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Figure 1: A 7-year-old male patient presented with temporal lobe epilepsy. A. The 3D axial MRI of the brain shows
no structural abnormalities or abnormal signals. B. MRI volumetry reveals reduced volumes in the white matter,
thalamus, hippocampus, and amygdala, as well as asymmetry between the right and left hippocampus and
amygdala. In contrast, the volume of the caudate nucleus is increased. C. MRI volumetry indicates a decrease in
the overall volume of the hippocampus and its segments.
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Figure 2: A 9-year-old male patient with generalized tonic-clonic seizures. A. The 3D axial MRI of the brain shows
no structural abnormalities or abnormal signals. B. MRI volumetry indicates an increase in the volume of grey
matter, while showing a reduction of white matter, putamen, amygdala, and accumbens volumes. There is also
asymmetry between the right and left putamen and accumbens. C. The MRI volumetry shows normal volume for
the hippocampus and its segments
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Figure 3: A 12-year-old male patient with generalized tonic-clonic seizures. A. The 3D axial MRI of the brain shows
no structural abnormalities or abnormal signals. B. MRI volumetry indicates a decrease in the volume of the right
and left thalamus and the right accumbens volumes. C. MRI volumetry indicates a decrease in the volume of right

and left CA4-DG segments.

Discussion:

The application of modern MRI techniques
in researching individuals with non-lesional
epilepsy has been limited, especially
concerning regional brain segmentation
and volumetric evaluation. In our work, we
performed a thorough assessment of
various cerebral regions in children with
non-lesional epilepsy compared to normal
controls.

This study used volBrain version 1.0 for
whole brain segmentation and HIPS
version 1.0 for hippocampus segmentation,
an online MRI-brain volumetric system. The
automated technique was employed for
volumetric and segmentation reporting.
The system can be found at
www.volbrain.com. After the automated
process, a PDF report with volumetric data
was  generated.  Because  cortical
malformations and the hippocampus are
the primary pathologic features linked to
the most prevalent epilepsy in children,

they have received considerable attention
ever since MR imaging was first used in the
treatment of epilepsy.

Our study found a general decrease in WM
while GM remained stable. This agrees with
what Abdelgawad et al. (? found:
decreased WM and relatively preserved or
even increased GM in the abnormal
volumetry subgroup of children with non-
lesional epilepsy. Another considerable
multi-centre  research  demonstrates
widespread compromise of WM in
epilepsy, alongside effects in cortical and
subcortical regions (3).

In a study by Lee et al. (4, newly diagnosed
pediatric epilepsy patients were evaluated
for cognitive dysfunctions, regional WM,
and GM volumes. Reduced volumes in the
frontal areas bilaterally, mainly the left
inferior and right middle frontal gyri, were
the most noticeable structural
abnormalities in these patients.
Additionally, Beheshti et al. (5). found that
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those with HS who also suffer from
temporal lobe epilepsy (TLE) had
significantly lower volumes of WM and GM.
A slight enlargement of the GM and
amygdala was also noted in patients with
right TLE who did not have HS.

Our study found bilateral amygdala
reduction, which aligns with recent
research on the amygdala in epilepsy,
which has noted decreased axon and
dendrite density. This finding is consistent
with microstructural reorganization (' 17),
On the other hand, other studies have
described amygdala enlargement in
specific subgroups, such as those prone to
tonic-clonic seizures, TLE, or with a higher
risk of sudden unexpected death in
epilepsy (SUDEP) (1820),

Our research identified bilateral decreases
in thalamic volume, corroborating the
results of Perani et al. @, who noted that
the thalamus was the sole structure
exhibiting reduced GM volume in anti-
epileptic drug (AED) naive individuals with
new-onset genetic idiopathic generalized
epilepsy (IGE) compared to healthy
controls. Additionally, Leek et al.
provided preliminary evidence suggesting
that atrophy in the temporal and
subcortical regions, particularly in the
thalamus, is present during diagnosis.
Another study indicates that atrophy of the
thalamus is associated with generating and
maintaining focal seizures (33). Our research
identified that in the basal ganglia,
particularly the putamen and pallidum,
there is a decrease in volume for both
structures. This is in line with reports on
focal epilepsy that highlight striatal
atrophy within thalamo-striatal circuits 2.
However, recent studies have noted
increases in pallidal volume and surface
dilations in the putamen in cases of genetic
IGE 4), The caudate region shows a null
difference, consistent with recent
volumetric and shape studies indicating

that the caudate can be variably affected or
spared compared to the thalamus,
putamen, and pallidum 3,

Therefore, our results provide more
evidence that volumetric MRI might be a
helpful tool in the search for hidden
pathology. They also imply that non-
lesional epilepsy in children might be linked
to small but quantifiable structural
alterations.

Our study revealed that Patients with NLE
exhibited a smaller total volume of the
hippocampus and reductions in both
hemispheres across several fields, notably
in CA1, CA2-CA3, CA4-DG, and the
molecular layers (SR-SL—SM). However,
there was no significant difference in the
volumes of the subiculum. The hemisphere
asymmetry indices were similar between
the two groups, except for a greater
asymmetry observed in the CA2-CA3
region among the epilepsy cases.

Coan et al.?® found that hippocampus
quantification by 3T MRI could assist in
identifying patients with hippocampal
sclerosis that may escape ocular
assessment. These patients may benefit
from surgical interventions to manage
drug-resistant seizures. The
comprehensive usefulness of employing
hippocampus quantification
measurements in 3T MRI for the
presurgical evaluation of patients with
drug-resistant mesial temporal lobe
epilepsy can be evaluated through follow-
up data and surgical outcomes. Bernasconi
et al. ®® described a decrease in the
volume of the right and left CA4-DG
segments and the hippocampal head,
body, and entorhinal regions. Seidenberg
et al.”) reported that patients with chronic
unilateral TLE have volumetric
abnormalities that go beyond just the
affected side of the hippocampus and
temporal lobe. While it was expected that
these patients would show a reduction in
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the volume of the ipsilateral hippocampus,
they also demonstrated a significant
decrease in cerebral white matter on both
the side of seizure onset and the opposite
side, compared to healthy controls.
Additionally, A study by Princich et al.(®
revealed that different hippocampus
subfields in the right (non-lesional)
hemisphere of patients with left
hippocampal sclerosis exhibited
considerably greater sizes than those in
healthy controls.

Therefore, our results emphasize the
significance of subfield volumetric analysis,
which offers a more detailed perspective
than total hippocampal volume alone, and
suggests potential anatomical biomarkers
of epileptogenic susceptibility in children
with non-lesional epilepsy.

Our study revealed that the amygdala
(total %) achieved 94.9% sensitivity and
100% specificity. The hippocampus (total %)
showed 67.8% sensitivity and 64.4%
specificity. Among hippocampal subfields,
CA4-DG had the highest specificity at
72.9%. Consistent with the utility of
volumetric MRI in measuring hippocampus
volume in epilepsy, Abdelgawad et al.("?)
found that the sensitivity of right
hippocampus subiculum volume and CA4-
DG was 100%, white matter volume had a
sensitivity of 85%, and the thalamus had a
sensitivity of 55%.

Giorgio and De Stefano's (29 study proved
that volumetric MRI is functional for
evaluating the epileptogenic locus in TLE
before surgery. It showed an asymmetry in
the hippocampus volume on the side
opposite the seizure focus, and the
sensitivity was 95%. Farid et al. 39found
that hippocampus asymmetry as measured
by quantitative MR imaging could reliably
differentiate between control participants
and patients with temporal lobe epilepsy,

with a sensitivity of 86.7-89.5% and a
specificity of 92.2-94.1%.

Our research showed that volumetry plays
a significant role in the diagnosis of
epileptic patients when traditional MRI
fails to indicate any abnormality, as we
could detect selective decreased volume of
total hippocampus and its subfields and
subcortical structures, specifically the
thalamus, amygdala, pallidum, and
putamen, as well as white matter. In
contrast, cortical gray matter and caudate
remain spared. More research is required
to determine the clinical relevance of these
volumetric alterations and how they may
help in  developing individualized
treatment plans for people with non-
lesional epilepsy.

Conclusion

Volumetric magnetic resonance imaging is
a promising technique for assessing
childhood non-lesional epilepsy,
potentially  altering  prognosis and
therapeutic approaches. To identify any
volumetric changes, it is advisable to
validate the MRI volumetry technique in
pediatric epilepsy patients at the earliest
opportunity.

Limitations

The study's small sample size and single-
center methodology may  restrict
generalizability. Compared to 3T imaging, a
1.5T MRI scanner may be less sensitive to
minor  cortical abnormalities.  Cross-
sectional studies also hinder longitudinal
volumetric changes and clinical
correlations. The results should be further
validated and expanded upon by future
multi-center  research  using  bigger
populations, more sophisticated imaging
procedures, and follow-up data.
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List of abbreviations:

CA1: Cornu ammonis segment 1

CA4-DG: Cornu ammonis-Dentate gyrus
SR-SL-SM:  Stratum  radiatum-Stratum
lacunosum-Stratum moleculare

FCD: Focal cortical dysplasia

MTS: Mesial temporal sclerosis

NLE: Non-lesional epilepsy

VMRI: Volumetric Magnetic Resonance
Imaging

CT: Computed tomography

MRI: Magnetic resonance imaging

EEG: Electroencephalographic

T1WI: T1-weighted imaging

T2WI: T2-weighted imaging

FLAIR: Fluid-attenuated inversion recovery
TE: echo time

TR: repetition time

SNR: Signal-to-noise ratio.
FOV: Field of view

NIFTI: Neuroimaging
Technology Initiative

GM: grey matter

WM: white matter

CSF: cerebrospinal fluid
cm?: cubic centimeters

Informatics

References

Falco-Walter J, editor Epilepsy—definition,
classification, pathophysiology, and
epidemiology. Semin Neurol; 2020: Thieme
Medical Publishers, Inc.

Zuberi SM, Wirrell E, Yozawitz E, et al. ILAE
classification and definition of epilepsy
syndromes with onset in neonates and
infants: Position statement by the ILAE Task
Force on Nosology and Definitions. Epilepsia.
2022;63(6):1349-97.

Dhinakaran R, Mishra D. ILAE Classification of
Seizures and Epilepsies: An Update for the
Pediatrician. Indian Pediatr. 2019;56(1):60-2.
Zhang R, Wu T, Wang Y, et al. Interictal
magnetoencephalographic findings related
with surgical outcomes in lesional and
nonlesional neocortical epilepsy. Seizure.
2011;20(9):692-700.

10.

1.

12.

13.

14.

15.

16.

17.

Téllez-Zenteno JF, Ronquillo LH, Moien-
Afshari F, et al. Surgical outcomes in lesional
and non-lesional epilepsy: a systematic review
and meta-analysis. Epilepsy Res. 2010;89(2-
3):310-8.

Bernasconi A, Bernasconi N. The Role of MRI
in the Treatment of Drug-Resistant Focal
Epilepsy. Eur Neurol. 2022;85(5):333-41.
Lapalme-Remis S, Nguyen D. Neuroimaging of
Epilepsy. CONTINUUM: Lifelong Learning in
Neurology. 2022;28:306-38.

Lee YJ. Advanced neuroimaging techniques
for evaluating pediatric epilepsy. Clin Exp
Pediatr. 2020;63(3):88-95.

Sanders MW, Van der Wolf |, Jansen FE, et al.
Outcome of epilepsy surgery in MRI-negative
patients without histopathologic
abnormalities in the resected tissue.
Neurology. 2024;102(4):€208007.

Colon AJ, Osch M, Buijs M, et al. MEG-guided
analysis of 7T-MRI in patients with epilepsy.
Seizure. 2018;60:29-38.

Manjén JV, Coupé PJFin. volBrain: an online
MRI  brain  volumetry system. Front
Neuroinform. 2016;10:30.

Abdelgawad EA, Mounir SM, Abdelhay MM, et
al. Magnetic resonance imaging (MRI)
volumetry in children with nonlesional
epilepsy, does it help? EJRNM. 2021;52(1):35.
Chen J, Ngo A, Rodriguez-Cruces R, et al. A
Worldwide Enigma Study on Epilepsy-Related
Gray and White Matter Compromise across
the Adult Lifespan. bioRxiv. 2024.

Lee JH, Kim SE, Park C-h, et al. Gray and white
matter volumes and cognitive dysfunction in
drug-naive newly diagnosed Pediatric
Epilepsy. Biomed Res Int. 2015;2015(1):923861.
Beheshti I, Sone D, Farokhian F, et al. Gray
matter and white matter abnormalities in
temporal lobe epilepsy patients with and
without hippocampal sclerosis. Front Neurol.
2018;9:107.

Zeicu C, Legouhy A, Scott CA, et al. Altered
amygdala volumes and microstructure in focal
epilepsy patients with tonic—clonic seizures,
ictal, and post-convulsive central apnea.
Epilepsia. 2023;64(12):3307-18.

Chakravarty K, Ray S, Kharbanda PS, et al.
Temporal lobe epilepsy with amygdala



18.

19.

20.

21.

22.

23.

24.

41 Role of Volumetric Magnetic Resonance Imaging of the Brain in Children with Non-Lesional Epilepsy

enlargement: A systematic review. Acta
Neurol Scand. 2021;144(3):236-50.
Wandschneider B, Koepp M, Scott C, et al.
Structural imaging biomarkers of sudden
unexpected death in epilepsy. Brain.
2015;138(Pt 10):2907-19.

Allen LA, Harper RM, Lhatoo S, et al
Neuroimaging of Sudden Unexpected Death
in Epilepsy (SUDEP): Insights From Structural
and Resting-State Functional MRI Studies.
Front Neurol. 2019;10:185.

Legouhy A, Allen LA, Vos SB, et al. Volumetric
and microstructural abnormalities of the
amygdala in focal epilepsy with varied levels
of SUDEP risk. Epilepsy Res. 2023;192:107139.
Perani S, Tierney TM, Centeno M, et al.
Thalamic volume reduction in drug-naive
patients with new-onset genetic generalized
epilepsy. Epilepsia. 2018;59(1):226-34.

Leek NJ, Neason M, Kreilkamp B, et al.
Thalamohippocampal  atrophy in focal
epilepsy of unknown cause at the time of
diagnosis. Eur J Neurol 2021;28(2):367-76.

de Bézenac CE, Leek N, Adan GH, et al.
Subcortical alterations in newly diagnosed
epilepsy and associated changes in brain
connectivity and cognition. Hum Brain Mapp.
2024;45(16):€70069.

Hannoun S, Abi Fadel S, Mousawi Z, et al.
Increased volumes of the precuneus and the

25.

26.

27.

28.

20.

30.

pallidum in idiopathic generalized epilepsy. Sci
Rep. 2025;15(1):32157.

Coan AC, Kubota B, Bergo FP, et al. 3T MRI
quantification of hippocampal volume and
signal in mesial temporal lobe epilepsy
improves detection of hippocampal sclerosis.
AJNR Am J Neuroradiol. 2014;35(1):77-83.
Bernasconi A, Bernasconi N, Natsume J, et al.

Magnetic resonance spectroscopy and
imaging of the thalamus in idiopathic
generalized epilepsy. Brain. 2003;126(Pt
11):2447-54.

Seidenberg M, Kelly KG, Parrish J, et al.
Ipsilateral and contralateral MRI volumetric
abnormalities in chronic unilateral temporal
lobe epilepsy and their clinical correlates.
Epilepsia. 2005;46(3):420-30.

Princich JP, Donnelly-Kehoe PA, Deleglise A, et
al. Diagnostic performance of MRI volumetry
in epilepsy patients with hippocampal
sclerosis supported through a random forest
automatic classification algorithm. Front
Neurol. 2021;12:613967.

Giorgio A, De Stefano N. Clinical use of brain
volumetry. J Magn Reson Imaging.
2013;37(1):1-14.

Farid N, Girard HM, Kemmotsu N, et al.
Temporal lobe epilepsy: quantitative MR
volumetry in detection of hippocampal
atrophy. Radiology. 2012;264(2):542-50.



