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Magnetic resonance imaging (MRI)
volumetry in children with nonlesional
epilepsy, does it help?
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Abstract

Background: Epilepsy is a chronic condition characterized by repeated spontaneous seizures. It affects up to 1% of
the population worldwide. Children with magnetic resonance imaging (MRI) negative (or “nonlesional”) focal
epilepsy constitute the most challenging pharmacoresistant group undergoing pre-neurosurgical evaluation.
Volumetric magnetic resonance imaging (VMRI) is a non-invasive brain imaging technique done to measure the
volume and structure of specific regions of the brain. It is useful for many things, but primarily for discovering
atrophy (wasting away of body tissue) and measuring its progression. The aim of this study is to assess role of
volumetric magnetic resonance imaging in evaluation of nonlesional childhood epilepsy in which no specific
findings detected in conventional MRI.

Results: There were 20 children with normal MRI brain volumetry (33.3%) and 40 children (66.6%) with abnormal
MRI brain volumetry.

Grey matter volume in the abnormal group was significantly higher (P value was 0.001%*) than the normal group
(mean + S.D 934.04 + 118.12 versus 788.57 + 57.71 respectively). White matter volume in the abnormal group was
significantly smaller (P value was < 0.0001%) than in the normal group (mean + S.D 217.79 + 6522 versus 418.07 +
103.76 respectively). Right hippocampus CA4-DG volume in the abnormal volume group was found to be
significantly smaller (P value < 0.0001%) than that of the normal group volume (mean + S.D 0.095 + 0.04 versus 0.32
+ 0.36 respectively). Right hippocampus subiculum volume in the abnormal volume group were found to be
significantly smaller (P value was < 0.0001%) than that of the normal group volume (mean + S.D 042 + 0.11 versus
0.84 £ 0.09 respectively). Thalamus volume in the abnormal group was significantly smaller (P value 0.048%) than in
the normal group (mean + S.D 10.235 + 3.22 versus 11.82 + 0.75 respectively). Right thalamus was significantly
smaller (P value was 0.028%) than in the normal group (mean + S.D 5.01 + 1.62 versus 591 + 0.39 respectively). The
sensitivity of the right hippocampus subiculum volume and right hippocampus CA4-DG was 100%. The sensitivity
of white matter volume and grey matter volume and thalamus was 85% and 75% and 55% respectively. The
specificity of the right hippocampus subiculum volume and right hippocampus CA4-DG was 90% and 90%
respectively. The specificity of the right hippocampus subiculum volume and right hippocampus CA4-DG and grey
matter volume and white matter volume and total hippocampus and thalamus was 100%. The specificity of brain
volume was 60%. The accuracy of the right hippocampus subiculum volume and right hippocampus CA4-DG was
100%. The specificity of white matter volume, grey matter volume, thalamus, total hippocampus, and brain volume
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was 97%, 87%, 65%, 61%, and 57% respectively.

Conclusion: Volumetric magnetic resonance imaging is a promising imaging technique that can provide assistance
in evaluation of nonlesional pharmacoresistant childhood epilepsy.

Keywords: MR, Volumetry, Children, Epilepsy

Background

Epilepsy is a chronic condition characterized by repeated
spontaneous seizures. It affects up to 1% of the popula-
tion worldwide [1].

Patients with magnetic resonance imaging (MRI) nega-
tive (or “nonlesional”) focal epilepsy constitute the most
challenging pharmacoresistant group undergoing pre-
neurosurgical evaluation [2].

The overall prevalence of nonlesional epilepsy in all
surgical studies is ~ 26% [3].

Seizures are classified into either generalized or partial,
with partial seizures being further divided into those
without loss of consciousness (simple) and those where
consciousness is lost or impaired (complex) [4].

Once patients have a diagnosis of epilepsy, it is critical
to further classify these patients into lesional or nonle-
sional for treatment and prognostic reasons [5].

There is no standardized epilepsy imaging protocol in
place among different institutions and hospitals; the pri-
mary clinical neuroimaging modality is MRI, with acqui-
sition of a whole brain T1WI for imaging anatomy, and
various T2-based acquisitions for detecting tissue path-
ology as FLAIR and GRE [5].

Volumetric magnetic resonance imaging (VMRI) is a
non-invasive brain imaging technique done to measure
the volume and structure of specific regions of the brain.
It is useful for many things, but primarily for discovering
atrophy (wasting away of body tissue) and measuring its
progression [6].

Volumetric MRI, when used in conjunction with EEG,
and neuropsychological studies enable patients with epi-
lepsy to be treated in an appropriate, efficient, and cost-
effective manner [7].

The aim of this study is to assess role of volumetric
MRI in evaluation of nonlesional childhood epilepsy.

Methods

The institutional ethical committee board approved this
prospective clinical study. A written consent was ob-
tained for the current study, and the procedures were
explained for parents. Total number of patients enrolled
in this study was sixty epileptic patients (36 males and
24 females). Age range was (3—14 years old) (mean age
8.47 + 3.15years). The study was conducted in the time
period from May 2019 to June 2020. Patients were clin-
ically evaluated by parental interviewing and history

taking including onset of seizures, type, frequency, dur-
ation, medications, and response to drugs. Also, compre-
hensive clinical examination highlighting
neurodevelopmental assessment was done. EEG with dif-
ferent montages was done for all patients using a Nihon
Kohden 8-channel conventional EEG machine. Ten to
20 international systems of electrode placement for diag-
nosing epilepsy. MRI of the brain including volumetric
measures was performed to all patients. Inclusion cri-
teria were pediatric patients with both clinical- and
EEG-suggested diagnosis of epilepsy, no structural ab-
normalities in conventional MRI, and no seizures at least
72h before MRI imaging. Exclusion criteria included
post-operative patients, post head trauma patients, fe-
brile convulsions, patient with evidence of MRI struc-
tural lesion which may be the cause of seizures,
contraindications to anesthesia before MRI technique,
and contraindications to MRI technique itself as children
with cochlear implants. No contrast material was given
to any of our patients.

MRI examination

No special preparation was needed. The examination
was fully explained to the parents. All MRI studies were
carried out using the same MRI machine Philips Ingenia
1.5T, 16 channels coil, Philips medical systems. Scan
time was about 12 min.

The epilepsy-dedicated research protocol included the
following pulse sequences: T1WI 3D: sT1W_3D_TFE,
FOV: covering whole brain (230 mm), voxel 1 x 1 x 1
mm isotropic, SNR = 1, Echo pulse sequence: gradient,
flip angle 30, TE 3.4 ms, TR 7.3 ms; T2W_3D_DRIVE:
FOV: covering whole brain (230 mm), voxel 1 x 1 x 1
isotropic, SNR = 1, TE 245 ms, TR 1500 ms, SNR = 1;
3D FLAIR: FOV 230, voxel 1.16 x 1.44 x 5 mm, TR 11,
000 ms, TE140 ms, SNR = 1

Image analysis
Conventional assessment was done using Philips ISP
(Intellispace portal v. 9), for primary reporting.

Volumetric and segmentation reporting

A compressed TIWI dataset in NIFTI (Neuroimaging
Informatics Technology Initiative) format was uploaded
to online MRI-brain volumetric system at www.volbrain.
com (VolBrain version 1.0 for whole brain segmentation
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and HIPS version 1.0 hippocampus segmentation).
When automatic process is complete, a PDF report is
created containing volumetric data about the grey mat-
ter, white matter, CSF, and subcortical grey matters as
well as hippocampus segmentations.

We validate NIFTI files using the ITK-SNAP Version
3.4.0 software for all cases; full description of VolBrain
pipe-line was published by Manjon and Coupé [8].

Once the process is finished, we were notified by e-
mail, so we were able to download a package including
some image files and two (CSV and PDF) reports gather-
ing all the volumetry values calculated from the segmen-
tations. In each report, volumes were measured such as:
(1) volBrain report: parenchyma, brain tissues, macro-
structure, and subcortical structure volumes measured
such as volumes of the main intracranial cavity (ICC)
tissues (that is, cerebrospinal fluid (CSF), grey matter
(GM), and white matter (WM)). It also provides volume
information of some macroscopic areas such as brain
hemispheres, cerebellum, brainstem, and thalamus, fi-
nally, automatic subcortical structure segmentation and
also asymmetry indexes. (2) Lesion brain report: lesion
classes, volumes, and their locations; (3) hippocampus
report: subfield volumes of hippocampus CA1-3, CA4-
DG, and subiculum. The report also includes several
snapshots from the different labeling results as a quality
control. All the volumes were presented in absolute
value (measured in ¢cm®) and in relative value (measured
in relation to the ICV). The asymmetry index is calcu-
lated as the difference between the right and left vol-
umes divided by their mean (in percent). Values
between brackets show expected limits (95%) of normal-
ized volume in function of sex and age for each measure
for reference purpose. Green and red values indicate that
the volume is above or under the expected volume limits
respectively.

Statistical analysis of the data

Data were fed to the computer and analyzed using the
SPSS software package version 20.0. Cleaning of data as
a first step was done to detect missing values and invalid
responses. Qualitative data were described using fre-
quency, number, and percent. Quantitative data were de-
scribed using mean, standard deviation, and range
(minimum and maximum). Significance of the obtained
results was judged at the 5% level.

Used tests
The Chi-square test and Fisher exact test “used if more
than 20% of cells are less than 5” were used to compare
between proportions. Student’s ¢ test was used to com-
pare two means.

Diagnostic accuracy was represented using the term
sensitivity, specificity, positive predictive value, negative
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predictive value, and overall accuracy. P value less than
0.05 was considered statistically significant, and all statis-
tical tests were 2 tailed.

Results

According to the volumetric results, we classified epilep-
tic patients who had shown normal conventional brain
MR imaging into two groups: abnormal volume group
(group A) and normal volume group (group B).

Group A included 40 patients (66.6%) and group B in-
cluded 20 patients (33.3 %). The mean age for group A
was 7.25 = 3.39 (P 0.39) and mean age for group B was
8.2 + 2.48. Generalized epilepsy was more common than
focal epilepsy in group A (75% generalized epilepsy ver-
sus 25% focal epilepsy). On the other hand in group B
patients, generalized epilepsy was 30% versus 70% focal
epilepsy. Volumetric measures of different brain regions
in the studied group A (N =40) are given in Table 1.
Volumetric measures of different brain regions in group
B (N =20) are given in Table 2.

Seizure frequency was 1.8 + 0.85 with a range of at-
tacks from 1 to 3 attacks/week and seizure duration
ranged from 15 to 45s. Seizure frequency in group A
was significantly higher than in group B (mean + S.D
2.05 + 0.89 versus 1.30 + 0.48 respectively). Age and sex
showed no statistically significant difference between
both groups.

Grey matter volume in group A was significantly
higher (P value was 0.001*) than group B (mean + S.D
934.04 + 118.12 versus 788.57 + 57.71 respectively)
(Fig. 4). White matter volume in group A was signifi-
cantly smaller (P value was <0.0001*) than in group B
(mean + S.D 217.79 * 65.22 versus 418.07 + 103.76 re-
spectively) (Fig. 1). Right hippocampus CA4-DG volume
in group A was found to be significantly smaller (P value
<0.0001*) than that of group B (mean + S.D 0.095 +
0.04 versus 0.32 = 0.36 respectively) (Fig. 2). Right
hippocampus subiculum volume in group A was found
to be significantly smaller (P value was < 0.0001*) than
that of group B (mean + S.D 0.42 + 0.11 versus 0.84 +
0.09 respectively). Thalamus volume in group A was sig-
nificantly smaller (P value 0.048*) than in group B (mean
+ S.D 10.235 + 3.22 versus 11.82 + 0.75 respectively)
(Fig. 3). Right thalamus was significantly smaller (P value
was 0.028*) than that found in group B (mean = S.D
5.01 + 1.62 versus 591 + 0.39 respectively). Comparison
between group A and B regarding volumetric measures
is given in Table 3.

There was significant difference between EEG abnor-
malities and the volumetric measurements in the white
matter volume and in the right hippocampus CA4-DG
volume in the studied groups (P value was 0.03* and
0.02* respectively).
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Table 1 Volumetric measures of different brain regions in the
studied abnormal volume group (N = 20)

Different brain regions Volumetric measures

(mean * SD)

Brain volume 1151.84 + 160.27
Grey matter volume 934.04 + 118.12
White matter volume 217.79 £ 65.22
Hippocampus volume

Total hippocampus volume 542 +1.50

Right hippocampus volume 269+ 0.79

Left hippocampus volume 274 +0.77

Right hippocampus CA1-3 volume 1.71 £ 054

Left hippocampus CA1-3 volume 1.68 + 048

Right hippocampus CA4-DG volume 0.095 + 0.04

Left hippocampus CA4-DG volume 026 + 0.11

Right hippocampus subiculum volume 042 +0.11

Left hippocampus subiculum volume 0.78 £ 0.23
Thalamus volume

Thalamus volume 10.235 £ 322

Right thalamus volume 501 £ 1.62

Left thalamus volume 528 + 155

Table 2 Volumetric measures of different brain regions in the
studied normal volume group (N =40)

Different brain regions Volumetric measures

(mean + SD)

Brain volume 120663 + 157.77
Grey matter volume 78857 + 57.71
White matter volume 41807 +103.76
Hippocampus volume

Total hippocampus volume 594 +0.79

Right hippocampus volume 307 £ 038

Left hippocampus volume 285+ 045

Right hippocampus CA1-3 volume 1.88 £0.26

Left hippocampus CA1-3 volume 167 £029

Right hippocampus CA4-DG volume 032 £036

Left hippocampus CA4-DG volume 031 + 045

Right hippocampus subiculum volume 0.84 + 0.09

Left hippocampus subiculum volume 087 +0.17
Thalamus volume

Thalamus volume 11.82 £ 0.75

Right thalamus volume 591+ 039

Left thalamus volume 591 +£037
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There was a fair to moderate positive correlation be-
tween most of the volume measured structures and the
frequency of seizures reaching a significant level at brain
volume (P 0.04), grey matter volume (P 0.0001), total
hippocampus volume (0.03), left hippocampus volume
(0.01), and left hippocampus CA1-3 volume (0.006).

The sensitivity of right hippocampus subiculum vol-
ume and right hippocampus CA4-DG was 100%. The
sensitivity of white matter volume and grey matter vol-
ume and thalamus was 85% and 75% and 55% respect-
ively. The specificity of the right hippocampus
subiculum volume and right hippocampus CA4-DG was
90% and 90% respectively. The specificity of the right
hippocampus subiculum volume and right hippocampus
CA4-DG and grey matter volume and white matter vol-
ume and total hippocampus and thalamus was 100%.
The specificity of brain volume was 60%. The accuracy
of the right hippocampus subiculum volume and right
hippocampus CA4-DG was 100%. The specificity of
white matter volume, grey matter volume, thalamus,
total hippocampus, and brain volume was 97%, 87%,
65%, 61%, and 57% respectively (Table 4).

Discussion

Epilepsy is a chronic neurological disorder characterized
by recurrent unprovoked seizures. These seizures are
transient signs and/or symptoms due to abnormal, ex-
cessive, or synchronous neuronal activity in the brain
[9]. Patients with nonlesional epilepsy constitute the
most challenging group undergoing presurgical evalu-
ation [2].

Volumetric MRI allows detection of subtle abnormal-
ities of the brain that are difficult or impossible to reveal
on visual inspection [10].

Several recent software tools have been developed to
automatically obtain volumetric measures using different
strategies. volBrain is a new software pipeline for volu-
metric brain analysis. This pipeline provides automatic-
ally volumetric brain information at different scales in a
very simple web-based interface not requiring any instal-
lation or advanced computational requirements [8].

In the current study, volumetric and segmentation
reporting were done using an online MRI-brain volu-
metric system at www.volbrain.com (volBrain version 1.0
for whole brain segmentation and HIPS version 1.0
hippocampus segmentation) using the automated
method. Once the automatic process is complete, a PDF
report was created containing volumetric data.

In the current study and on comparison between ab-
normal volume (group A) and normal volume group pa-
tients (group B) and regarding seizure frequency, we
found that patients in group A have highly frequent sei-
zures than those in group B.
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and red is the whole brain

C

T: 5.0mm L: 21.9mm*

Patient ID Sex Age Report Date
j0b203310 Male 6 08-Mar-2020
Tissue type Volume (cm*/%) Image information
White Matter (WM) 230.78 (25.91%) [27.46,40.71] Orientation neurological
Grey Matter (GM) 565.84 (63.. [48.84, 61.07] Scale factor 0.47
Cerebro Spinal Fluid (CSF) 94.07 (10.56%) [5.20, 16.71] SNR 40.12
Brain (WM + GM) 796.62 (89.44%) [83.29, 94.80]
Intracranial Cavity (IC) 890.69 (100.00%)
Structure
Cerebrum Total (cnm’/%) Right (cm*/%) Left (cm’/%) Asym.(%)
676.51 (75.95%) 334.07 (37.51%) 342.44 (38.45%) -2.4759
[71.86, 82.81] [35.74,41.38] [36.08, 41.47] 39, 1.29]
GM WM GM WM GM WM
470.37 206.14 231.27 102.80 239.10 103.35
(52.81%) (23.14%) (25.97%) (11.54%) (26.84%) (11.60%)
b 5183]  [2481.3651)  [2067.2585]  [1231.1829]  [20.83.2600]  [12.48.18.24]

Intracranial cavity extraction

Fig. 1 Conventional MRl images (a) show no evident signal or structural changes, b and ¢ are images from MRI volumetry showing increase in
the GM volume marked in green numbers and decrease in the WM volume marked in red numbers. Green is grey matter, blue is white matter,
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protocol: Kulaga-Yoskovitz>

Volumes?* Total (cm*/%) Right (cm*/%) Left (cm*/%) Asym.(%)*
Hippocampus 6.65 (0.4078) 3.06 (0.1880) 3.58 (0.2198) -15.6226
[0.39-0.57) 10.20 - 0.30] [0.18 -0.28) 1-15.62 - 6.44]
CAI-3 4.51(0.2767) 1.95 (0.1195) 2.56 (0.1572) -27.2443
10.23-037) 10.13-0.20] 10.10-0.18) 1-26.19 - 6.54)
CA4-DG 0.72 (0.0440) 0.41 (0.0249) 0.31 (0.0192) 25.9799
10.03-0.07] 1001 -0.03) [0.01 - 0.03) -30.00 - 39.86)
Subiculum 1.42 (0.0871) 0.71 (0.0436) 0.71 (0.0435) 0.2733
[0.11-0.16) [0.05 - 0.08] [0.05 - 0.08] [-11.43 - 18.82)
Expected volumes
,”‘ Hippocampus total 038 Hippocampus right 038, ot i
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Fig. 2 Conventional MRI images (@) show no evident signal or structural changes in the hippocampus, b and c are images form MRI volumetry
showing decreased volume of the right hippocampus written in green numbers compared with the normal volume of the left hippocampus. Red
color is CA1-3, blue is CA4-DG, and green is subiculum
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Structure
Lateral ventricles

Caudate
Putamen
Thalamus
Globus Pallidus
Hippocampus
Amygdala

Accumbens

C

Macrostructures

Total (cm*/%)
88.72 (6.72%)
10.00,2.33)

7.66 (0.58%)
[0.48,0.70)

7.49 (0.57%)
{0.57, 0.80]

7.16 (0.54%)
10.82,1.05)

2.41 (0.18%)
10.14,023]

4.59 (0.35%)
[0.42,061)

0.78 (0.06%)
{0.09,0.15)

0.29 (0.02%)
[0.04,0.09)

Right (cm*/%)
47.88 (3.63%)

{0.00, 1.1
3.88 (0.29%)
[0.24,035)

3.56 (0.27%)
[0.28,0.40)

2.20 (0.17%)
[0.40,0.52]

1.18 (0.09%)
[0.07,0.11)

1.72 (0.13%
(022,031

0.34 (0.03%)
[0.05, 0.08]

0.14 (0.01%)
[0.02,0.04]

Left (cm*/%)
40.84 (3.09%)
10.00,1.27)

3.78 (0.29%)
[0.24,0.35]

3.93 (0.30%)
(0.29.041)

4.96 (0.38%)
(0.41,0.53]

1.22 (0.09%)
{0.07,0.12]

2.86 (0.22%)
(0.20,0.30]

0.44 (0.03%)
(0.04,0.07]

0.15 (0.01%)
(0.02,0.05)

Asymmetry (¢
15.8881
(-76.8427, 46.05)
2.5671
-8.7276, 11.16)
-9.6738
[-8.7830,3.92)
-77.3294
[-7.7761,5.20)
-3.3323
[-23.1548,8.22)
-49.5631
[-4.5746, 16.46)
-24.3243
(93708, 24.74)
-10.4167
(426841, 12.13)

Fig. 3 Conventional MRl images (a...R = R) shows decreased size of the right thalamus and lentifrom nucleus compared to the left one, b and ¢
are images form MRI volumetry (R = L) showing significant decrease in the size of the right thalamus and lentiform nucleus marked by red
numbers. There were global involutional changes of the right hemisphere compared to the left one
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Table 3 Comparison between normal and abnormal groups regarding volumetric measures.
Items Abnormal volume group (n =40) Normal volume group (n = 20) P value
(mean + SD) (mean + SD)
Brain volume 1151.84 £ 160.27 1206.63 + 157.77 0.38
Grey matter volume 934.04 + 118.12 78857 = 57.71 0.001*
White matter volume 217.79 £ 6522 41807 +103.76 <0.0001*
Hippocampus volume
Total hippocampus volume 542 + 150 594 +0.79 0.23
Right hippocampus volume 269 +0.79 307 +£038 0.09
Left hippocampus volume 274 £0.77 285+ 045 0.68
Right hippocampus CA1-3 volume 1.71 £ 054 1.88 + 0.26 0.36
Left hippocampus CA1-3 volume 168 +£ 048 167 £0.29 094
Right hippocampus CA4-DG volume 0.095 + 0.04 032 +036 <0.0001*
Left hippocampus CA4-DG volume 026 +0.11 031+ 045 0.16
Right hippocampus subiculum volume 042 £0.11 0.84 + 0.09 <0.0001*
Left hippocampus subiculum volume 078 + 023 087 +0.17 0.24
Thalamus volume
Thalamus volume 10.235 + 322 11.82+£0.75 0.048*
Right thalamus volume 501 £162 591 £039 0.028*
Left thalamus volume 528 + 1.55 591 + 037 0.096

Regarding seizure type, our study demonstrated that
generalized epilepsy was more common than focal epi-
lepsy in group A (75% generalized epilepsy versus 25%
focal epilepsy). On the other hand, in group B patients,
generalized epilepsy was 30% versus 70% focal epilepsy.
The aforementioned results come in concordance with
the study done by Debourdeau et al. [11]; in their study,
they reported that generalized epilepsy was more com-
mon than partial epilepsy.

In our study, an abnormal EEG was found both in ab-
normal volume and normal volume group patients. This
finding strengthens the fact that EEG is used in the diag-
nosis of epilepsy and continues to play a central role in
both diagnosis and management of patients with seizure
disorders.

The higher percentage of abnormal EEG in our
study may be attributed to the highly frequent sei-
zures that were recorded in our study as Farid et al.
[12] stated that there are many factors that influence
the recording of interictal epileptiform discharge in
epileptic patients; among these factors is the fre-
quency of seizures.

We proved a big role of volumetry in the diagnosis of
epileptic patients that if their conventional MRI gives no
pathology, we can diagnose them by volumetric MRL In
our study, the sensitivity of the right hippocampus subi-
culum volume and right hippocampus CA4-DG was
100%. The sensitivity of white matter volume and grey
matter volume and thalamus was 85% and 75% and 55%
respectively.

Table 4 Results of receiver operating curves (ROC curves) for volumetric changes among the nonlesional conventional MRI studied

groups (N =60)

Volumetric changes Indices

Sensitivity Specificity PPV NPV Accuracy Cutoff value AUC P value
Brain volume 65% 60% 76.5% 46% 57% 1200 0.575 0.38
Grey matter 75% 100% 100% 66.7% 87% 875.27 0.865 0.001*
White matter 85% 100% 100% 76.9% 97% 270.84 0970 <0.0001*
Total hippocampus 25% 100% 100% 40% 61% <371 0612 0.23
Hippocampus CA4-DG 100% 100% 100% 100% 100% <0.15 1 <0.0001*
Hippocampus subiculum 100% 100% 100% 100% 100% <062 1 <0.0001*
Thalamus 55% 100% 100% 52% 65% <108 0.650 0.048*
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In agreement with high sensitivity of volumetric MRI
in detection of hippocampus volume in epileptic patients
was the study of Giorgio and his colleagues [10] which
found that volumetric MRI was useful in the presurgical
evaluation of the epileptogenic site in TLE, showing
asymmetry of the hippocampal volume ipsilateral to the
seizure focus with a sensitivity up to 95%.

Another study in 2012 done by Farid et al. [12] found
that quantitative MR imaging-derived hippocampal
asymmetries discriminated patients with temporal lobe
epilepsy from control subjects with high sensitivity
(86.7-89.5%) and specificity (92.2—-94.1%).

We compared between groups A and B patients re-
garding the volumetric measurements, and we found a
significant reduction in the volume of most measured
areas including white matter, hippocampus CA4-DG
and hippocampus subiculum, and thalamus; we also
found a significant increase in the volume of grey
matter.

Lee and his colleagues [13] investigated the possible
associations between cognitive dysfunctions and regional
grey matter/white matter volumes in patients with newly
diagnosed pediatric epilepsy; they found that the most
prominent structural abnormalities observed in newly
diagnosed pediatric epilepsy were decreased GM vol-
umes in the bilateral frontal areas, especially the left in-
ferior frontal and right middle frontal gyri.

Beheshti and his colleagues [14] reported significant
grey matter and white matter volume reductions in tem-
poral lobe epilepsy patients with hippocampal sclerosis;
they also observed a slight grey matter amygdala swelling
in the right temporal lobe epilepsy patients without hip-
pocampal sclerosis.

Bernasconi and his colleagues [15] reported that the
hippocampal head, body, and the entorhinal and peri-
rhinal cortices in epileptic patients were significantly
reduced.

Guimaréesn and his colleagues [16] revealed that vol-
ume reduction in the hippocampus has been demon-
strated in pediatric localization-related epilepsy, including
mesial temporal lobe epilepsy (TLE) and extratemporal
lobe epilepsy.

Our results are in concordance with many volumetric
studies that focused on hippocampal brain region and
revealed hippocampal volume reduction in epileptic pa-
tients [17-20].

There are many volumetric studies focused on thal-
amic brain region and revealed thalamic volume reduc-
tion and dysfunction in epileptic patients [15-23].

It has been reported that the thalamus as a part of the
limbic network has well-developed anatomic connection
with mesial temporal lobe structures [21], so it has been
suggested that the thalamus plays an important role in
the amplification and distribution of limbic seizures and
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hence the volumetric abnormalities that can be detected
in the thalamus could be concluded as a result of recur-
rent seizures [22].

Bonilha and his colleagues [24] reported that juvenile
myoclonic epilepsy patients exhibited significant volume
reductions in thalamus. In 2018, Yoong and his col-
leagues [25] revealed that cognitive impairment in early
onset epilepsy is associated with reduced thalamic vol-
ume. In our study, the thalamus had no significant dif-
ference in abnormal volume group of patients with
generalized seizures than in the other groups of the
study.

The observed volumetric changes of the thalamus
in our study and others were congruent with the re-
ported data which points to an increase in blood oxy-
genation level-dependent signal in both thalami
during interictal epileptiform activity in idiopathic
generalized epilepsy [26, 27]. These volumetric
changes which were confined to the thalamus were
explained by Aghakhani et al. [26] as the thalamus
mediates motor functions via connections from the
ventral anterior and lateral nuclei to the motor cor-
tex, basal ganglia, and cerebellum.

On comparison between abnormal volume group
and normal volume group patients with partial sei-
zures regarding volumetric measurements, we found a
smaller hippocampal volume and its parts and white
matter volume in abnormal volume group patients
than that of normal volume group (Fig. 4). Our result
was in keeping with an Australian follow-up study
which focused on epileptic diagnosed cases and dem-
onstrated a significant hippocampal volume loss over
a period of time [28]. Szabo et al. [22] found that pa-
tients with chronic temporal lobe epilepsy tend to
have hippocampal volume loss. On the other hand,
Liu et al. [29] found no relevant difference in hippo-
campal volume or other brain pathology after a
period of time from follow-up.

Holtkamp et al. [30] concluded in their follow-up
study of patients with focal epilepsy that recurrent sei-
zures do not cause hippocampal volume change. This
difference may be argued to the different methodological
approaches that had been employed.

In our study, the correlation between seizure fre-
quency and volumetric measurements of patients with
partial epilepsy revealed significant correlation between
the seizure frequency and brain volume, grey matter vol-
ume, and hippocampus.

The results of Pulsipher and colleagues [31] found a
significant correlation between seizure frequency and
hippocampal volume in patients with temporal lobe epi-
lepsy. We only detected a significant decrease in hippo-
campus volume on the epileptogenic side. This
observation was consistent with prior findings [32].
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Patient 1D
job141007

Tissue type

White Matter (WM)

Grey Matter (GM)
Cerebro Spinal Fluid (CSF)
Brain (WM + GM)
Intracranial Cavity (IC)

Volume (¢n'/%)

155.29 (15.87%) [25.42, 39.28) Onentation neurological
629,85 (64.36%) [49.82,62.61) Scale factor 0.50
193,54 (19.78%) [5.42, 17.45) SNR 37.51

785.13 (80.22%)

Sex Age
Male 1

Report Date
14-May-2019

Image information

(82.55, 94.58)

978.68 (100.00%)

matter volume

Structure
Cerebrum Total (cn'/%) Right (cnt'/%) Left (cm'/1%) Asym.(%)
675.00 (68.98%) 340.82 (34.82%) 334.27 (34.16%) 1.9404
[71.15, 82.60) [35.35, 41.24) [35.76, 41 .40) [-2.65,1.20)
GM WM GM WM GM WM
Cc 538.51 136.58 27246 638.36 266.05 68.22
(55.02%) (13.96%) (27.84%) (6.99%) (27.18%) (6.97%)
[4237.53.19) (2301, 3523} 12108, 20.49) (1199, 1784) [21.24, 26 68) (1159, 1781)

Fig. 4 Conventional MRI images (R = R) including conventional 3D T1 and FLAIR images show no evident abnormality detected, b is tissue
classification, and ¢ is a volumetry report showing decrease in the volume of the white matter volume and increased volume of the grey

Conclusion

Volumetric magnetic resonance imaging is a promising
imaging technique that can provide assistance in evalu-
ation of nonlesional childhood epilepsy that may change
prognosis and line of management. Future prospective
studies applying volumetric magnetic resonance imaging
on a larger number of children are recommended to
confirm the results of the present study and to establish
the diagnostic accuracy of this technique, and the

validation of the MRI volumetry tool is recommended in
epileptic children as early as possible to detect any volu-
metric changes.

Abbreviations

MRI: Magnetic resonance imaging; FLAIR: Fluid-attenuated inversion recovery;
ICC: Intracranial cavity; GM: Grey matter; WM: White matter; TLE: Temporal
lobe epilepsy; CA: Cornu ammonis; DG: Dentate gyrus;

EEG: Electroencephalography; NIFTI: Neuroimaging Informatics Technology
Initiative



Abdelgawad et al. Egyptian Journal of Radiology and Nuclear Medicine

Acknowledgements
We gratefully acknowledge the hard work, efficiency, and devotion of our
imaging technicians, which made this work possible.

Authors’ contributions

All authors have read and approved the current manuscript. EA: design of
the study, data collection, CT image interpretation, and manuscript drafting.
MA, MM: CT image interpretation, manuscript writing, statistical analysis,
sequence alignment. SM: patient referral, manuscript editing, sequence
alignment. EA, MA, MM, and SM: all authors read and approved the final
manuscript

Funding
No sources of funding

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by the Research Ethics Committee of the Faculty of
Medicine at Minia University in Egypt on 2019 (reference number is not
applicable). All patients included in this study gave written informed consent
to participate in this research.

Consent for publication
All patients included in this research gave written informed consent to
publish the data contained within this study.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Radiology, Faculty of Medicine, Minia University, Minya,
Egypt. *Department of Pediatrics, Faculty of Medicine, Minia University,
Minya, Egypt.

Received: 22 September 2020 Accepted: 3 January 2021
Published online: 22 January 2021

References

1. Sidhu MK, Duncan JS, Sander JW (2018) Neuroimaging in epilepsy. Curr
Opin Neurol 31(4):371-378

2. Siegel AM, Jobst BC, Thadani VM, Rhodes CH, Lewis PJ, Roberts DW (2001)
Medically intractable, localization-related epilepsy with normal MRI:
presurgical evaluation and surgical outcome in 43 patients. Epilepsia 42(7):
883-888

3. Téllez-Zenteno JF, Ronquillo LH, Moien-Afshari F, Wiebe S (2010) Surgical
outcomes in lesional and non-lesional epilepsy: a systematic review and
meta-analysis. Epilepsy Res 89(2-3):310-318

4. Wright NB (2001) Imaging in epilepsy: a paediatric perspective. Br J Radiol
74(883):575-589

5. Pardoe H, Kuzniecky R (2014) Advanced imaging techniques in the
diagnosis of nonlesional epilepsy: MRI, MRS, PET, and SPECT: Advanced
Imaging Techniques in the Diagnosis of Nonlesional Epilepsy. Epilepsy Curr
14(3):121-124

6.  Seidenberg M, Kelly KG, Parrish J, Geary E, Dow C, Rutecki P (2005) Ipsilateral
and contralateral MRI volumetric abnormalities in chronic unilateral
temporal lobe epilepsy and their clinical correlates. Elilepsia 46(3):420-430

7. Watson C, Jack CR, Cendes F (1997) Volumetric magnetic resonance
imaging: clinical applications and contributions to the understanding of
temporal lobe epilepsy. Arch Neurol 54(12):1521-1531

8. Manjén and Coupé Manjon JV, Coupé P (2016) volBrain: an online MRI brain
volumetry system. Front Neuroinform 10:30

9. Aun AAK, Mostafa AA, Fotouh AMA, Karam KS, Salem AA, Salem A (2015)
Role of magnetic resonance spectroscopy (MRS) in nonlesional temporal
lobe epilepsy. EJRNM 47(1):217-231

10.  Giorgio A, De Stefano N (2013) Clinical use of brain volumetry. J Magn
Reson Imaging 37(1):1-12

11.  Debourdeau P, Gérome P, Zammit C, Saillol A, Aletti M, Bargues L, Cointet F
(2004) Frequency of anticardiolipin, antinuclear and anti 32GP1 antibodies is

(2021) 52:35 Page 11 of 11

not increased in unselected epileptic patients: a case-control study. Seizure
13(4):205-207

12. Farid N, Girard HM, Kemmotsu N, Smith ME, Magda SW, Lim WY et al (2012)
Temporal lobe epilepsy: quantitative MR volumetry in detection of
hippocampal atrophy. Radiology 264(2):542-550

13. Lee JH, Kim SE, C-h P, Yoo JH, Lee HW (2015) Gray and white matter
volumes and cognitive dysfunction in drug-naive newly diagnosed pediatric
epilepsy. Biomed Res Int 2015:923861

14.  Beheshti |, Sone D, Farokhian F, Maikusa N, Matsuda H (2018) Gray matter
and white matter abnormalities in temporal lobe epilepsy patients with and
without hippocampal sclerosis. Front Neurol 9:107

15. Bernasconi A, Bernasconi N, Natsume J, Antel S, Andermann F, Armold DJB
(2003) Magnetic resonance spectroscopy and imaging of the thalamus in
idiopathic generalized epilepsy. Brain 126(11):2447-2454

16.  Guimardesn CA, Li LM, Rzezak P, Fuentes D, Franzon RC, Montenegro MA,
Cendes F, Thomé-Souza S, Valente K, Guerreiro MM (2007) Temporal lobe
epilepsy in childhood: comprehensive neuropsychological assessment. J
Child Neurol 22(7):836-840

17. Allebone J, Kanaan R, Maller J, O'Brien T, Mullen SA, Cook M et al (2019)
Bilateral volume reduction in posterior hippocampus in psychosis of
epilepsy. J Neurosurg Psychiatry 90(6):688-694

18. Ji C, Zhu L, Chen C, Wang S, Zheng L, Li H (2018) Volumetric changes in
hippocampal subregions and memory performance in mesial temporal lobe
epilepsy with hippocampal sclerosis. Neurosci Bull 34(2):389-396

19. Kim JH, Kim JB, S-i S, Kim DWINC (2017) Subcortical grey matter changes in
juvenile myoclonic epilepsy. Neuroimag clin 17:397-404

20. Sone D, Sato N, Maikusa N, Ota M, Sumida K, Yokoyama K, Kimura Y,
Imabayashi E, Watanabe Y, Watanabe M, Okazaki M, Onuma T, Matsuda H
(2016) Automated subfield volumetric analysis of hippocampus in temporal
lobe epilepsy using high-resolution T2-weighed MR imaging. Neuroimage
clin 12:57-64

21. Natsume J, Bernasconi N, Andermann F, Bernasconi AJN (2003) MRI
volumetry of the thalamus in temporal, extratemporal, and idiopathic
generalized epilepsy. Neurology 60(8):1296-1300

22. Szabo C, Lancaster JL, Lee S, Xiong J-H, Cook C, Mayes B et al (2006) MR
imaging volumetry of subcortical structures and cerebellar hemispheres in
temporal lobe epilepsy. AJNR 27(10):2155-2160

23, Ciumas C, Savic IJN (2006) Structural changes in patients with primary
generalized tonic and clonic seizures. Neurology 67(4):683-686

24. Bonilha L, Keller SS (2015) Quantitative MRI in refractory temporal lobe epilepsy:
relationship with surgical outcomes. Quant Imaging Med Surg 5(2):204

25. Yoong M, Hunter M, Stephen J, Quigley A, Jones J, Shetty J, McLellan A,
Bastin ME, Chin RFM (2018) Cognitive impairment in early onset epilepsy is
associated with reduced left thalamic volume. Epilepsy Behav 80:266-271

26.  Aghakhani Y, Bagshaw A, Benar C, Hawco C, Andermann F, Dubeau F et al
(2004) fMRI activation during spike and wave discharges in idiopathic
generalized epilepsy. Brain 127(5):1127-1144

27. Gotman J, Grova C, Bagshaw A, Kobayashi E, Aghakhani Y, Dubeau F (2005)
Generalized epileptic discharges show thalamocortical activation and
suspension of the default state of the brain. Proc Natl Acad Sci U S A
102(42):15236-15240

28. Briellmann RS, Berkovic SF, Syngeniotis A, King MA, Jackson GD (2002)
Seizure-associated hippocampal volume loss: a longitudinal magnetic
resonance study of temporal lobe epilepsy. Ann Neurol 51(5):641-644

29. Liu RS, Lemieux L, Bell GS, Sisodiya SM, Bartlett PA, Shorvon SD et al (2002)
The structural consequences of newly diagnosed seizures. Ann Neurol 52(5):
573-580

30. Holtkamp M, Schuchmann S, Gottschalk S, Meierkord H (2004) Recurrent
seizures do not cause hippocampal damage. J Neurol 251(4):458-463

31. Pulsipher DT, Seidenberg M, Morton JJ, Geary E, Parrish J, Hermann BJE et al
(2007) MRI volume loss of subcortical structures in unilateral temporal lobe
epilepsy. Epilepsy Behav 11(3):442-449

32, Wu D, Chang F, Peng D, Xie S, Li X, Wenjing Z (2020) The morphological
characteristics of hippocampus and thalamus in mesial temporal lobe
epilepsy. BMC neurology 235:503

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	Abstract
	Background
	Results
	Conclusion

	Background
	Methods
	MRI examination
	Image analysis
	Volumetric and segmentation reporting
	Statistical analysis of the data
	Used tests

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

