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ORIGINAL ARTICLE

The Evaluation of Brain Volume in Children with Epilepsy on
Magnetic Resonance Imaging by Stereological Method
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Summary

Objectives: Brain volume is important in many diseases for both children and adults. Studies examining brain volume in terms of seizure types
are less although several studies examining brain volume on healthy and epileptic children are available. Thus, this study aims to examine the
cerebral cortex, cerebral white matter, cerebral, cerebellar, and total brain volumes in terms of epilepsy-related factors in children diagnosed
with idiopathic epilepsy.

Methods: Cranial magnetic resonance images of 100 children (girls, 50; boys, 50), aged 3-16 years old, who had idiopathic epilepsy with
generalized and partial seizures were retrospectively evaluated. The volumetric measurements of the cerebral cortex, cerebral white matter,
cerebrum, cerebellum, and total brain were performed using the Cavalieri principle, which is one of the methods for volume calculation with
stereology techniques.

Results: No significant difference was noted in the brain volumes between partial and generalized seizure groups. However, asymmetry on ce-
rebral cortex volume in both seizure groups was determined. Similarly, no correlation was found between epilepsy duration, seizure frequency,
use of antiepileptic drugs, and brain volumes.

Conclusion: Studies comparing two different seizure types are relatively less among the studies examining brain volume in childhood epilepsy.
Thus, the study of brain volume in children with partial and generalized seizures diagnosed with idiopathic epilepsy will contribute to the studies
conducted in this area, and the results obtained are essential for understanding the impact of epilepsy and epilepsy-related factors on brain volume.
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Introduction were observed not only in the TBV but also in the gray mat-
ter and subdivision parts of the brain such as the cerebrum

Brain volume is significant in many diseases for both chil- and cerebellurm, 268

dren and adults. Several studies exist investigating chang-
es in the brain volume in diseases such as autism, atten-
tion-deficit/hyperactivity disorder, schizophrenia, multiple
sclerosis, epilepsy, and Alzheimer’s disease.!'! Some volu-
metric studies on childhood epilepsies stated that epileptic
children had significantly smaller brain volumes compared
with healthy children.2¢! Consequently, volumetric changes

Epilepsy is a common neurological disease in childhood.
Epilepsy seizures are generally classified into three groups:
partial (focal), generalized, and idiopathic onset. Gener-
alized and partial (focal) seizures are defined as seizures
involving the entire brain cortex and seizures originating
from a specific location of the cortex, respectively.®'® Al-
though many studies have been done examining epileptic
children, only very few studies indicate whether any effect
exists on the brain volume of seizure groups.® The detailed
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as being effective in brain volume.2812-IThe Cavalieri prin-
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Epilepsili Cocuklarda Beyin Hacminin Manyetik Rezonans Gériintiileri Uzerinde
Stereolojik Yontemle Degerlendirilmesi

Ozet

Amacg: Beyin hacmi bircok hastalikta hem cocuklar hem de yetiskinler icin Snemlidir. Epileptik ve saghkli cocuklarda beyin hacminin incelendigi
bir¢ok calisma olmasina ragmen, beyin hacminin ndbet tipleri acisindan incelendigi calismalarin daha az oldugu gorilmektedir. Bu calismanin
amaci, idiyopatik epilepsi tanili cocuklarda serebral korteks, hemisferik beyaz cevher, serebrum, serebellum ve toplam beyin hacminin epilepsi
ile iliskili faktorler acisindan incelenmesidir.

Gereg ve Yontem: Calismada, idiyopatik epilepsi tanili parsiyel ve jeneralize nébetleri olan 3-16 yas arasi 50'si kiz, 50'si erkek toplam 100 ¢ocu-
gun kraniyal manyetik rezonans gorintuleri retrospektif olarak incelenmistir. Serebral korteks, hemisferik beyaz cevher, serebrum, serebellum
ve toplam beyin hacim &l¢timleri, stereoloji teknikleri ile hacim hesaplama yéntemlerinden biri olan Cavalieri prensibiyle hesaplanmistir.
Bulgular: Parsiyel ve jeneralize nébet gruplari arasinda beyin hacimlerinde anlamli bir fark olmadigi saptanmistir (p>0.05). Ancak her iki nébet
grubunda serebral korteks asimetrisi tespit edilmistir. Epilepsi stresi, ndbet sikligi, antiepileptik ila¢ kullanimi ve beyin hacimleri arasinda an-
lamli bir iliski olmadigi gérilmustir (p>0.05).

Sonug: Cocukluk cagr epilepsilerinde beyin hacmini inceleyen calismalar arasinda, iki farkli nébet tipini karsilastiran ¢alismalarin daha az oldu-
Ju bilinmektedir. Bu calismada, idiyopatik epilepsi tanisi alan parsiyel ve jeneralize ndbetleri olan cocuklarda beyin hacminin incelenmesinin
bu alanda yapilan calismalara katkida bulunacag ve elde edilen sonuglarin epilepsi ve epilepsi ile iliskili faktorlerin beyin hacmi lzerine etkisini

anlamak adina énemli oldugu dustiniilmektedir.

Anahtar sozcukler: Beyin hacmi; jeneralize nébet; epilepsi; manyetik rezonans goriintiileme; parsiyel nobet; stereoloji.

for calculating the volumes of structures and organs which
have irregular borders."™ In addition, the Cavalieri principle
provides precise numerical data. Thus, reliable and unbi-
ased results are obtained.""¥ It is accepted as the gold stan-
dard in volumetric studies.'”!

This study aims to investigate the cerebral cortex volume
(CCV), cerebral white matter volume (WMV), cerebral volume
(CV), cerebellar volume (CRV), and total brain volume (TBV)
in terms of seizure type, gender, antiepileptic drug usage,
seizure frequency, and epilepsy duration in children with
partial and generalized seizures and to evaluate the symme-
try of the hemispheres in the cerebrum and cerebellum.

Materials and Methods

This study was retrospectively conducted on cranial
magnetic resonance (MR) images of 50 girls (mean age,
8.06+3.83 years) and 50 boys (mean age, 9.32+3.68 years)
with epilepsy who were admitted to and monitored at De-
partment of Pediatric Neurology, Faculty of Medicine, Ga-
ziantep University, between 2016 and 2018. Of the children,
24 and 26 of the girls and 29 and 21 of the boys had gener-
alized and partial seizures, respectively.

The approval of the Clinical Trials Ethical Committee of
Gaziantep University was obtained before the study com-

menced (Decision no: 2018/29).

Inclusion and exclusion criteria- The study included cases
of children 3-16 years old who were diagnosed with idio-
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pathic epilepsy by a pediatric neurologist (AAQ; according
to the International League Against Epilepsy 2017 epilepsy
classification), had no pathology in the cranial MR images,
and had a normal neurological examination. Cases with a
diagnosis of symptomatic epilepsy associated with cerebral
palsy, encephalitis, tumor mass, and so on; those with a di-
agnosis of cryptogenic epilepsy; and those with a history of
preterm birth were excluded from the study. Images with
artifacts that could cause any missing or false results related
to any of the measured parameters or prevent the identifi-
cation of reference points were not included in the study.

Imaging protocol- MR imaging examinations were per-
formed with a Philips Ingenia 1.5-T MR scanner (Philips, An-
dover, MA, USA). Moreover, continuous 5-mm-thick sections
of axial, coronal, and sagittal slices (512x512 matrices) were
obtained.

Converting digital imaging and communications in
medicine (DICOM) images to JPEG format- All DICOM
images were transferred to RadiAnt DICOM Viewer program
and converted to JPEG format for volumetric measurement.
Consequently, images in JPEG format were separately re-
corded for each patient. An average of 25 axial, 25 sagittal,
and 25 coronal section images were obtained for each pa-
tient.

Volumetric measurement- The measurements were per-
formed with a computer-assisted stereological analysis
system (Stereo Investigator Version 8.0, MicroBrightField,
Williston, VT, USA) at the Stereology Laboratory of the De-



partment of Anatomy, Faculty of Medicine, Gaziantep Uni-
versity.

CCV and WMV were measured in T1-weighted axial sections
(Fig. 1a). Moreover, the CV was measured in T1-weighted
coronal sections (Fig. 1b). Both cerebral hemispheres were
separated from the cerebral falx. The tentorium cerebel-
li was accepted as the border between the cerebrum and
cerebellum. A line through the superior colliculus and be-
low the mammillary body was accepted as the border on
the images of the sagittal sections of the cerebrum and the
brainstem. Moreover, the CRV was measured in T1-weight-
ed sagittal sections (Fig. 1c). Consequently, the right and left
cerebellar hemispheres were separated by identifying the
midsagittal section. The cerebellum was separated from the
cerebrum through the tentorium cerebelli. The fourth ven-
tricle was accepted as the border between the brainstem
and the cerebellum. TBV was measured in T1-weighted sag-
ittal sections (Fig. 1d). CCV, WMV, CV, and CRV were sepa-
rately measured in two hemispheres.

Statistical analysis— The Shapiro-Wilk test was used to
test the compliance of the data toward normal distribu-
tion, and the independent samples t-test and the paired
samples t-test were used to compare normally distributed
variables in two independent and two dependent groups,
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respectively. Moreover, Spearman’s rank correlation coeffi-
cient test was used for testing the relationship between the
numerical variables while the chi-square test was used to
test the relationship between the categorical variables. The
Statistical Package for the Social Sciences for Windows, ver-
sion 22.0, was used for statistical analysis. A value of p<0.05
was accepted as statistically significant.

Results

The CCV, WMC, CV, CRV, and TBV of 50 girls and 50 boys
with epilepsy in this study who were aged 3-16 years were
measured using their cranial MR images. No statistically sig-
nificant difference was noticed between age and gender
(p=0.097). In addition, the epilepsy-related features of the
patients are shown in Table 1.

Differences in volumetric measurements between gen-
der- CCV, WMV, CV, CRV, and particularly TBV were found to
be significantly larger in boys than girls (p=0.017, p=0.012,
p=0.008, p=0.008, p=0.002, respectively; Table 2).

Differences in volumetric measurements between epi-
lepsy groups- No significant difference exists in the struc-
tures measured between the partial and generalized epi-
lepsy groups (p>0.05; Table 3).

Universitesi Bilimsel
505915031

BEYIN MR

TIW_SE

superior eolliculus

mammijlary hody

Universitesi Bilimsel
505915931
BEYINMR =

TIW_SE

A

Fig. 1. (a) Measurement of cerebral cortex and cerebral white matter volume. (b, c), Measurement of cerebral volume. (d) Measure-

ment of total brain volume.
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Table 1. Epilepsy-related features of the patients

Epilepsy-related features Girl Boy
Seizure type Partial group 26 21
Generalized group 24 29
Seizure frequency <1 per year 35 32
>1 per year 15 18
Antiepileptic drugs usage One drug 35 33
Two or more drugs 15 17
Table 2. Comparison of brain volumes between gender
Volume (cm?3) Boy (mean+SD) Girl (mean+SD) p
ccv 311.38+£110.34 261.95+92.89 0.017"
WMV 155.53+£63.71 122.95+62.89 0.012"
cv 873.21+£237.9 724.01+£310.19 0.008"
CRV 114.05+38.84 89.52+39.00 0.008"
TBV 1021.95+245.41 831.11+£337.8 0.002"

SD: Standard deviation; cm?: cubic centimeter; CCV: Cerebral cortex volume; CV: Cerebrum volume; CRV: Cerebel-
lum volume; TBV: Total brain volume; WMV: White matter volume. *Statistically significant difference.

Table 3. Comparison of brain volumes between epilepsy group

Volume (cm?3) Partial (mean+SD) Generalized (mean%SD) p

ccv 280.73£104.65 291.93+£105.03 0.595
WMV 133.29+60.83 144.53+68.76 0.391
v 806.72+£251.11 791.42+314.34 0.790
CRV 101.13+41.28 102.36+40.44 0.595
TBV 938.34+£279.78 916.05+£335.11 0.721

SD: Standard deviation; cm3: cubic centimeter; CCV: Cerebral cortex volume; CV: Cerebrum volume; CRV: Cerebel-
lum volume; TBV: Total brain volume; WMV: White matter volume.

Asymmetry between the two hemispheres—The CCV was
larger in the right hemisphere in both generalized and par-
tial epilepsy groups (p=0.001). In addition, no asymmetry
between the right and left hemispheres was detected in
WMV, CV, and CRV (p>0.05).

Correlation between volumetric measurements and
age- The relationship between volumetric measurements
and age was separately analyzed between epilepsy groups
and gender. While the CCV increased with age in girls in the
generalized epilepsy group (p=0.001, r=0.661), no signifi-
cant correlation was found between CCV and age in other
groups (p>0.05). However, WMV, CV, CRV, and TBV signifi-
cantly increased with age in boys and girls in both the gen-
eralized and partial epilepsy groups (Table 4).

The relationship between volumetric measurements

and seizure frequency, epilepsy duration, and antiepi-
leptic drugs- No significant difference in terms of volumet-
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ric measurements was found between the patients in both
genders who had a seizure frequency of <1 and >1 per year
(p>0.05). Consequently, epilepsy duration did not have a
significant correlation with brain volumes in both girls and
boys (p>0.05). No significant difference in terms of volume
was found between those using only one antiepileptic drug
and those using two or more antiepileptic drugs (p>0.05).

Discussion

Several studies exist in the literature examining brain vol-
ume in epileptic and healthy children. The majority of these
studies compared healthy and epileptic children, and a
few studies compared seizure types in epilepsy. In contrast
with other studies, the brain volumes of epileptic children
with partial and generalized seizures were compared in
this study. Similar to the comparison of the seizure types,
a few studies exist examining the hemisphere asymmetry
in epileptic children. However, unlike many other studies,
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Table 4. Correlation of brain volume between age

Parameters Generalized group Partial group
Boy (29) Girl (24) Boy (21) Girl (26)
Cerebral cortex volume p 0.455 0.001 0.216 0.590
r 0.144 0.661™ -0.281 0.111
White matter volume p 0.002 0.001 0.049 0.002
r 0.548™ 0.716™ 0.390 0.570™
Cerebrum volume p 0.001 0.001 0.001 0.001
r 0.882" 0.939” 0.772" 0.782"
Cerebellum volume p 0.001 0.001 0.005 0.001
r 0.783" 0.818™ 0.735™ 0.706™
Total brain volume p 0.001 0.001 0.001 0.001
r 0.909™ 0.944™ 0.842" 0.814"

*Statistical correlation, **Statistically high correlation.

the asymmetry between the brain hemispheres of epilep-
tic children was evaluated and both types of seizures were
compared in this respect. A comparison of the results of the
present study with the literature is shown in Table 5.

The measurement method is important for the reliability
and impartiality of the study in volumetric studies. Stere-
ology is a gold standard method that provides unbiased
and reliable measurements. However, a stereological study
in epileptic children has not been found although it is fre-
quently used in volumetric studies. The Cavalieri principle,
which is one of the stereology techniques, was preferred in
this study because of its reliability.

Cerebral cortex- The cerebral cortex and gray matter vol-
ume in healthy children/adults and those with epilepsy have
been investigated in many studies.”'>'418-31 Some of these
studies investigated total gray matter volume!'3'419-2.331 and
the CCV.71822

Epilepsy is a disease that directly affects the cerebral cortex.
The relationship between chronic partial epilepsy and brain
atrophy was attributed to cortical thickness changes in ep-
ilepsy.?? Caplan et al.™ found that healthy children had a
significantly larger total gray matter volume than epileptic
children. However, two different studies investigating the
gray matter volume found no difference between healthy
and epileptic children."*™ Conversely, another study sig-
nificantly detected larger CCV in epileptic children com-
pared with healthy children.”

Gogtay et al.? reported that the gray matter volume in-
creased at early ages and started to decrease with adoles-
cence in healthy children. On the other hand, Caviness et

al.l'® reported that the cerebral cortex did not have a sig-
nificant correlation with age in healthy children aged 7-11
years. Moreover, Hermann et al.?"! found that the gray mat-
ter volume decreased with age in both healthy and epilep-
tic children aged 8-18 years old. No significant correlation
exists between the CCV and age in this study. Throughout
its development, the CCV reaches its maximum in different
lobes at different times and then decreases.*” This differ-
ence in the results may be due to the different age groups
in the studies.

The studies reported that the early onset of seizures and
long duration of epilepsy was associated with a lower vol-
ume of gray matter.">'¥ Conversely, Caplan et al.?* reported
that they did not find any correlation between the duration
of seizure, age of seizure onset, and gray matter volumes in
epileptic children. Similarly, this study found no significant
relationship between seizure frequency, epilepsy duration,
usage of antiepileptic drugs, and CCV. Caviness et al.l'®
found that the cerebral cortex is symmetrical in both hemi-
spheres in healthy girls and boys. On the contrary, the CCV
was found to be significantly larger than the left compared
with the right hemisphere in both generalized and partial
groups in the present study. These results suggest that epi-
lepsy may affect cortex symmetry.

Cerebral white matter

No significant difference was observed between the two
groups regarding the WMV in healthy and epileptic children.
n31419 Hermann et al.?" examined the development of white
matter and reported that WMV increased between 8 and 14
years old in healthy and epileptic children. A study examin-
ing the white matter found a significant increase with age
in healthy children.? However, another study did not find
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Table 5. Comparison of the results with some volumetric studies with epileptic children (continue)

CRV TBV

WMV v

CCV-GMV

Number of cases

Child

Case

Study

Adult

23

Healthy

Lawson et al."®

21

145

1236¢

a4
61

Epilepsy

51
112

133

1081

487.670

510.009

Healthy

Zelko et al.24")

481.488
873.21£237.9
724.01£310.19
798.61+£285.06

527.129¢
155.53+63.71
122.95+62.89
139.24+65.07

Epilepsy

1021.95+245.41
831.11+£337.8
926.53+£309.00

114.05+38.84

311.38£110.34
261.95+92.89
286.67£104.47

M

50

Epilepsy

This study®

89.52+39.00
101.78+40.64

F
T

50
100

Brain Volume in Epileptic Children

CCV: Cerebral cortex volume; CV: Cerebrum volume; CRV: Cerebellum volume; F: Female; GMV: Gray matter volume; M: Male; T: Total; TBV: Total brain volume; WMV: White matter volume. 2Measurements are given

as cubic millimeter; "Measurements are given as cubic centimeter; <Significant difference between epilepsy and control group; “Cerebral cortex in the studies, and the volume of the gray matter was measured

in the others.

any significant correlation between WMV and
age.l'® This study observed an increase in the
WMV with age in partial and generalize groups.
Consequently, myelination encompasses a du-
ration starting in the fetal period until the third
decade in normal development.?? Although
the absence of a difference in terms of cerebral
white matter between epileptic and healthy
children and its increase with age in epileptic
children suggest that epilepsy does not affect
the myelination process. However, some stud-
ies contradict these results.?"

Two studies have reported a negative relation-
ship between the long duration of epilepsy
and WMV.I'3" This study observed that seizure
frequency, epilepsy duration, and antiepilep-
tic drugs did not affect WMV. Similarly, seizure
type did not affect WMV. Studies evaluating
the asymmetry of hemispheric white matter
are very few. Consequently, this study found no
statistically significant difference in WMV in the
right and left hemispheres in both partial and
generalized groups.

Cerebrum- Significantly smaller CVs were ob-
served in the studies conducted in epileptic
children than the control group.2682 This de-
crease may be attributed to seizures, traumas,
and congenital anomalies.2652¢]

Hagemann et al.?”! reported that the cerebrum
volume in adults with partial and generalized
epilepsy did not show any significant difference
between the two epilepsy groups. Consequent-
ly, this study did not observe any significant dif-
ference in the CVs of children with partial and
generalized seizures.

Giedd et al.'"" found that the right cerebral
hemisphere was significantly larger than the
left cerebral hemisphere in healthy children.
Two different studies reported that cerebral
hemispheres were symmetrical in both healthy
and epileptic children.2® Similarly, this study
found that the hemispheres were symmetrical
in epileptic children. In addition, the impact
of seizure types, seizure frequency, epilepsy
duration, and usage of antiepileptic drugs on
the cerebral volume was not observed in this
study. Consequently, Lawson et al.? reported a
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negative correlation between cerebral volume and seizure
years in epileptic children. These differences in the results of
the studies may be due to factors such as epilepsy species
(whether or not an additional pathology to epilepsy exists).

Cerebellum- The cerebellar volume was found to be sig-
nificantly larger in healthy than in epileptic children.82
Botez et al.'? found that the decrease in cerebellar volume
was correlated with epilepsy duration and the use of antie-
pileptic drugs. However, the relationship of the cerebellar
volume decreases with the duration of epilepsy, and the
use of antiepileptic drugs is debated. Contrarily, this study
found no relationship between seizure frequency, epilepsy
duration, antiepileptic drugs, and cerebellar volume. Sim-
ilarly, seizure type did not affect cerebellar volume. Also,
cerebellar asymmetry in epileptic children was not deter-
mined.

Total brain- Some studies reported that the TBV did not
show a significant difference between epileptic and healthy
children."#'23 On the contrary, other studies exist in which
smaller TBVs were observed in epileptic than in healthy chil-
dren.2¢ Thus, brain atrophy in chronic partial epilepsy may
be associated with a decrease in cortical thickness.??

The brain volume development is very fast in the first years
but it slows down toward the end of the first decade of life.
8l Approximately 90% of brain volume development is
completed by 5 years old.?* Consequently, Courchesne et
al.”® found that TBV increased by approximately 25% in the
early childhood and adolescence period. Caviness et al.l'®
reported no significant correlation between TBV in healthy
children aged 7-11 years old. This study observed a signifi-
cantincrease in TBV with age in epileptic children. These dif-
ferences may be the result of the difference in age groups.

This study found that seizure type did not affect TBV as in
other measured parameters. In addition, no significant re-
lationship exists between epilepsy-related factors (seizure
frequency, duration of epilepsy, and antiepileptic drugs)
and total brain volume.

The relationship between gender and brain volumes-
Many studies compare brain volumes between gender in
healthy and epileptic children. In these studies, larger brain
volumes were detected in boys than in girls.[8111824252829 |y
the current study, all measured structures were found to be
significantly larger in boys than in girls following the litera-
ture. Although the large brain volume is not known to be an
advantage or disadvantage, gender has been reported to
have a significant effect on brain volume.?%
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Study limitatitons- This retrospective study has no control
group. Therefore, brain volumes could not be normalized. A
comparison with a control group would be useful in future
studies. Additionally, thalamus and nuclei basales could not
be examined due to due to the 5-mm thick sections on MR
images. The researchers believe that examining these struc-
tures in future studies would be useful.

Conclusion- Studies comparing two different seizure
types (partial and generalized seizures) are relatively less
among the studies examining brain volume in childhood
epilepsy. The findings showed that seizure type did not
affect the volume of the total brain, cerebrum, cerebel-
lum, cerebral cortex, and cerebral white matter in epileptic
children. In addition, cerebral cortex, cerebral white mat-
ter, cerebrum, and cerebellum symmetry were examined
in this study, and asymmetry was detected only in the
cerebral cortex. Many studies are available comparing
brain volume between gender in epileptic children. Thus,
the present study compared the brain volumes between
gender in partial and generalized epileptic groups. The
results of the present study support the idea that gender
is significantly effective in brain volume. It is controversial
whether epilepsy-related factors (e.g., antiepileptic drug
use, epilepsy duration, and seizure frequency) are effective
on brain volumes. According to the findings of this study,
these factors may have no significant effect on CCV, WMV,
CV, CRV, and TBV. In conclusion, the investigation of the re-
lationship between the volumes of the brain and the sub-
divisions of the brain and seizure types and the evaluation
of hemispheric asymmetry in epileptic children will con-
tribute to the studies conducted in this field. Thus, studies
with different types of seizures and larger populations may
be useful.
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