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Abstract
Introduction and Objective: Epilepsy is one of the most common brain diseases during childhood and adolescence. Atrophy
in different brain areas is possible during epilepsy. This study aimed to verify whether cerebellar volume differences could be
detected by volume analysis using magnetic resonance imaging (MRI) in children with epilepsy.
Method: In this retrospective study, 41 children (3.1-18.8 years) with epilepsy of unknown etiology were included (duration of
epilepsy 1.9± 3 years). A cranial MRI with a volumetric 3-dimensional, T1-weighted sequence was used for volume analysis. The
MRIs of 26 patients with headache (5.3-17.1 years) were analyzed for comparison. A volume analysis of the cerebellum was per-
formed using region-based morphometry. Total cerebellar volume, total white and gray matter volume, and 48 regional lobules
(L), separated into white and gray matter, were calculated. Cerebellar volumes are presented in relative ratios as the volume
fraction of cerebellar volume to total intracranial volume: CV/TIV.
Results: The ratio of overall white matter volume was significantly lower in the case group (23.93× 10−3, P= .039). A signifi-
cantly lower ratio of regional white matter volume was detected in LV right (P= .031) and left (P= .014), in LVIIIB right (P= .011)
and left (P= .019), and in LVIIIA left (P= .009).
Conclusion: Our results emphasize that volume analysis of the total cerebellar volume alone is insufficient to characterize cer-
ebellar differences in children with epilepsy. Rather, in specific cerebellar region volume analysis using region-based morphom-
etry, children with epilepsy showed significantly lower regional volumes of lobules, which are important for sensorimotor
function (LV, LVIII) and higher cognitive function (crus I).
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Introduction
Epilepsy is known to cause volume differences in the cerebral
structures.1–4 For example, regional volume reduction in the
hippocampus is a common pathologic substrate of mesial tem-
poral lobe epilepsy.5 In addition, extrahippocampal differences
in the thalamus, neocortex, cortex, and pallidum can be detected
in mesial temporal lobe epilepsy.6–8

Recently, brain volume studies in adult patients with epilepsy
have suggested that volume differences occur not only regionally
in the cerebrum but also in the cerebellum. Several authors have
associated epilepsy with volume differences in different regional
areas of the cerebellum and have concluded that it is not sufficient
to consider the cerebellum as an entirety.9–11 In addition to the
sensorimotor network, the cerebellum is also involved in other
neural networks such as the cognitive network, where it has

regulatory roles for executive function, behavior, and lan-
guage.12–14 Other studies have shown that there appear to be
changes in the neurocognitive networks in epilepsy. In particular,
epilepsy of unknown etiology can be characterized by
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disturbances in different corticosubcortical networks and does not
have a structural or genetic focus as a triggering lesion.15,16

However, it is largely unknown how the pattern, consistency,
and cause of these disturbances are associated with changes in
the volume of regional areas in the gray and white matter of the
cerebrum, especially in the cerebellum.17,18

Automated sequencing by region-based morphometry (RBM)
is an even more accurate method for volumetry of very small
areas.19 Using the Computational Anatomy Toolbox software
(CAT12, http://www.neuro.uni-jena.de/cat), the analysis of data
sets of volumetric MRI sequences is very precise20 and provides
an analysis of a priori–defined regions. Region-based morphom-
etry can be used to analyze the cerebellum in its entirety, as well
as regional areas of gray and white matter in the regional lobules,
using the parcellation by Larsell.21 Very small areas can be pre-
cisely measured.22 Well-known studies, such as the ENIGMA
cross-sectional study, have mainly analyzed the entire volume
of the cerebrum or specific regions thereby.23

Data on volume differences in the cerebellum, especially in
children and adolescents with epilepsy, are available to a
limited extent. Moreover, the data are heterogeneous.
Currently, only 2 studies have been conducted on patients aged
up to 18 years.24,25 Both studies reported cerebellar volume
reduction, considering the cerebellum to be an entitywithout sub-
divisions. In contrast to these studies, we used region-basedmor-
phometry within CAT12 for volume analysis of T1-weighted
magnetic resonance imaging (MRI) volume data sets.

Our aimwas to identify and quantify volume differences of the
cerebellum in its entirety and in regional areas of the gray and
white matter more precisely, with a focus on children and adoles-
cents with epilepsy of unknown etiology. Assuming that there is a
negative effect of volume differences in separate areas of the cer-
ebellum in correlation with sensorimotor abilities and cognitive
function, one focus of our work was to evaluate the influence
of clinical factors, such as sex, age at disease onset, epilepsy
duration, number of antiepileptic drugs, seizure frequency,
classification, and average Intelligence Quotient (IQ) score.
In addition, an analysis of the relationship between regional
cerebellar volume and specific cognitive deficits may further
improve our understanding of the role of the cerebellum in
cognitive networks. We hypothesized that epilepsy of
unknown etiology in children and adolescents causes lower
cerebellar volume in the regional gray and white matter
areas. Such a regional lower volume in the cerebellum and
possibly associated neuronal loss may be associated with
sensorimotor and cognitive deficits. Therefore, we aimed to
clarify whether the quantification of regional cerebellar
areas using region-based morphometry could be a diagnostic
and prognostic biomarker.26

Methods
Participants
A total of 41 patients with epilepsy of unknown etiology were
enrolled in this study. Epilepsy of unknown cause was the

inclusion criterion; a structural, genetic, metabolic, systemic,
immune-mediated, or infectious cause of epilepsy; a history
of hypoxic encephalopathy or traumatic brain injury; an intra-
ventricular shunt system; and MRI scans with significant
motion artifacts were exclusion criteria for the case group. In
the control group, we included only neurologically inconspicu-
ous children with a completely normal MRI of the head, who
reported headache or simple migraine in their clinical history.
Any abnormality in the clinical report or in the written MRI
results was considered as an exclusion criterion.

The case group included 16 girls and 25 boys with a mean
age of 10.5 years (range of 3.1-18.8 years with a standard devi-
ation [SD] of 4.3 years). Based on the number of antiepileptic
drugs administered at the time of the MRI examination, the
case group was divided into subgroups A and B. A total of
31 patients (75.6%) received only 1 antiepileptic drug and
were included in subgroup A. The 10 patients (24.4%) taking
more than 1 antiepileptic drug were included in subgroup B.

The control group included neurologically inconspicuous
children and adolescents with headaches or those who fulfilled
the International Classification of Headache Disorders (ICHD)
of migraine with and without aura and had no pathologic find-
ings on cranial MRI examination (n= 26). These were 15 girls
and 11 boys with a mean age of 12.2 years (range of 5.3-17.1
years and with SD of 3.6 years). The demographic data of the
participants in the case and control groups are presented in
Table 1. The clinical characteristics of the patient groups are
presented in Table 2.

The custodial parents of all study participants provided
informed consent for MRI examination. This study was
approved by our institutional review board (registration
number: 2020-1782-Data). All procedures performed in this
study involving human participants were in accordance with
the ethical standards of the institutional and national research
committees and with the 1964 Helsinki Declaration and its
later amendments, or comparable ethical standards.

Cognitive Assessment
IQ was determined in 14 of the 41 children examined. The
average IQ was used as a measure of patients’ cognitive perfor-
mance. IQ was determined using the Wechsler Preschool and
Primary Scale of Intelligence (WPPSI) for children aged 2-7
years and the Wechsler Intelligence Scale for Children
(WISC) for children and adolescents aged 7-19 years. The
average IQ allowed for a comparison of the test scores
between the study participants. An IQ below 70 indicates
mild intellectual disability. An IQ between 35 and 49 corre-
sponds to moderate intellectual disability, whereas an IQ
below 35 corresponds to severe intellectual disability.

MR Data Acquisition
MRI images were acquired using either 1.5- or 3-tesla (T) MRI
scanners (Siemens, Erlangen, Germany) in 8- or 16-channel
head coils. A total of 67 MRI examinations of 67 participants
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in the case and control groups were performed. The imaging
protocol included high-resolution T1-weighted, 3-dimensional,
Fourier-transformed acquisitions requiring magnetization-
prepared 180° radiofrequency pulses and rapid gradient-echo
(MPRAGE) sampling in all cases. The sequence parameters
for MPRAGE were approximately identical for all scanners
(time of repetition [TR] 2400 ms in 1 T and 2300 ms in 3 T;
time of echo [TE] 3.66 ms in 1 T and 3.06 ms in 3 T, time of
acquisition [TA] 07:39 min in 1 T and 04:32 min in 3 T; and
slice thickness of 1.0 mm for both).

Region-Based Morphometry
Volume analysis was performed using Computational
Anatomic Toolbox 12 (CAT12) for statistical parametric
mapping (SPM).19 Region-based morphometry of the cerebel-
lum was performed. The Cobra atlas of the Computational
Brain Anatomy Laboratory of the Douglas Mental Health
University Institute (Montreal, Canada), which contains high-
resolution images of the cerebellum,27 was used. First, all
images stored as Digital Imaging and Communications in
Medicine (DICOM) data were transformed using SPM, version
12, in MATLAB, version R2017b (MathWorks, Natick, MA).
The converted image data were normalized, segmented, and
quality controlled. Finally, the local gray and white matter values
within the cerebellar regions defined by the Cobra Atlas were aver-
aged and used for statistical analysis using SPSS software.

Twelve cerebellar areas were defined for the right and left
hemisphere (L I+ II, L III, L IV, L V, L VI, C I, C II, L
VIIB, L VIIIA, L VIIIB, L IX, and L X) using the Cobra
Atlas. Gray and white matter volumes were calculated for
each defined area. Accordingly, 48 individual subregions
were used for comparison. Mean values within a region of inter-
est are expressed in milliliters. Because of the different skull
sizes of the children, there was variance in cerebellar volume
within the groups, which was minimized by correcting for
total intracranial volume (TIV). The total intracranial volume is
the sum of the volumes of all individual structures in the brain
parenchyma. Accordingly, we calculated the volume fraction of
the total and regional cerebellar volume (CV) relative to the total
intracranial volume and CV/TIV volume fractions. For this
purpose, the absolute values of the respective cerebellar volume
were divided by the corresponding total intracranial volume. The
resulting CV/TIV volume fraction values did not have units.

Statistical Analysis
Statistical analyses were performed using the statistical
program IBM SPSS Statistics for Mac, version 26 (IBM
Corp, Armonk, NY). The distribution of descriptive data is pre-
sented by the absolute and relative frequencies as well as the
mean, SD, and 95% confidence interval (CI).

To compare the mean age of the case and control groups, a t
test was applied for independent samples. The χ2 test was used
for the nominally scaled variable of sex.

Volume analyses were performed using generalized estimat-
ing equations. The findings in the case group, subgroup A, and
subgroup B were compared with those in the control group. CV/
TIV volume fraction was used as the dependent variable. The
variables cerebellar volume, group membership, and their com-
bination were chosen as interaction factors. Results are pre-
sented using mean differences, 95% CIs, and P values.

The influence of clinical parameters on the total cerebellar
volume in the case group was analyzed using multivariate
linear regression analysis. For this purpose, the total cerebellar
volume (in milliliters) was used as the dependent variable.

The overall significance level was set at P<.05.

Results
Cerebellar Measures Comparing Case and Reference
Group
In the following, the volumes indicated are always the volume
fraction CV/TIV without unity in the corresponding areas of the
cerebellum.

There were no significant differences in the ratio of total cer-
ebellar or total cerebellar gray matter volume between the case
and control groups or between the subgroups and control group.

The total cerebellar white matter showed significant differ-
ences in mean volume between the case group and the control
group (−1.49× 10−3 [−2.91× 10−3; −0.07× 10−3], P= .039)
and comparing subgroup A to the control group (−1.80×
10−3 [–3.34× 10−3; −0.26× 10−3], P= .022). There was no
significant difference in the mean cerebellar white matter
volume between the subgroup B and the control group.

Looking at the regional cerebellar lobules, white matter
showed significantly lower mean volume in 5 areas (right L
V, P= .031 and left L V, P= .014; L VIIIA, P= .009, and L
VIIIB, P= .011, as well as L VIIIB, P= .019) comparing the

Table 1. Demographic Data of the Case Group with Subgroup A and B, and Control Group.a

Marker Case group Subgroup A Subgroup B Control group P*

n 41 31 10 26 –

Age, y 11± 4.3;
10.5 (3.1-18.8);

[9.7, 12.4]

10.8± 4.6;
10.5 (3.1-18.8);
[9.1, 12.5])

11.9± 3.2;
11.6 (7.5-16.3);

[9.6, 14.1]

12± 3.6;
12.2 (5.3-17.1);
[10.5, 13.4]

.394

Sex, female 16/41 (39) 12/31 (38.7) 4/10 (40) 15/26 (57.7) .208

aCategorical data are presented as n/N (%), and numerical values are mean with standard deviation (SD), median (range), and [95% CI] for the mean.
* P value between case group and control group.
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case group to the control group (Table 3 and Figure 1), and in 6
areas (right L V, P= .03, and left L V, P= .002; left C I, P=
.018; left L VIIIA, P= .004; right L VIIIB, P= .017, and left

L VIIIB, P= .008) comparing subgroup A to the control
group (Table 4, Figure 2) and in 1 area (right L X, P= .024)
comparing subgroup B to the control group (Table 5, Figure 3).

Looking at regional cerebellar lobules, gray matter showed
significantly greater mean volume in 2 areas (right L X, P=
.049, and left L VIIIB, P= .026) comparing subgroup B to
control group.

Differences in Demographic and Clinical Parameters
There was no significant association between sex, age at disease
onset, duration of epilepsy, number of antiepileptic drugs,
seizure frequency at the time of MRI examination, classifica-
tion, and IQ in multiple regression analysis with cerebellar
volume in the case group.

Lower IQ scores were associated with smaller cerebellar
volumes. Three patients had an IQ <70, which was defined as
intellectual disability.

Discussion
For the first time, region-based morphometry allowed us to
accurately determine the volume of the entire cerebellum,
gray matter, white matter, and regional lobules in patients
aged <18 years.19 For this purpose, we calculated the volume
of the regional lobules of both the white and gray matter.

We could not demonstrate a significant association between
cerebellar volume and various demographic and clinical data,
such as sex, age at disease onset, epilepsy duration, number
of antiepileptic drugs, and seizure frequency at the time of
MRI examination and classification.

However, based on the results of our study, the white matter
volume of the regional lobules of the cerebellum appears to be
significantly lower in children and adolescents with epilepsy of
unknown etiology.

Furthermore, we showed that the overall white matter of the
cerebellum in children and adolescents with epilepsy of
unknown etiology has a significantly lower volume than that
in neurologically inconspicuous children. This is in accordance
with the results of previous studies.28–31 However, it should be
noted that all these studies involved adult patients with epilepsy
almost exclusively. To our knowledge, there are no studies on

Table 2. Clinical Characteristics of the Case Group.a

Marker Data

Classification of epilepsy
Focal 17/41 (41.5)

Rolandic epilepsy 7/41 (17.1)
Focal epilepsy, unspecified 5/41 (12.2)
Benign epilepsy with occipital paroxysms 2/41 (4.9)
Pseudo-Lennox syndrome 2/41 (4.9)
Temporal lobe epilepsy 1/41 (2.4)

Generalized 22/41 (53.7)
Generalized epilepsy, unspecified 10/41 (24.4)
Absence epilepsy 6/41 (14.6)
Juvenile myoclonic epilepsy 4/41 (9.8)
Myoclonic-astatic epilepsy 1/41 (2.4)
Myoclonic epilepsy 1/41 (2.4)

Unclassified 2/41 (4.9)
Age at initial diagnosis, y 9.2± 4.8; 8.0 (0,

18.1)
Antiepileptic medications

Valproate 11/41 (26.8)
Sultiame 7/41 (17.1)
Lamotrigine 5/41 (12.2)
Ethosuximide 2/41 (4.9)
Levetiracetam 2/41 (4.9)
Oxcarbazepine 2/41 (4.9)
Brivaracetam 1/41 (2.4)
Carbamazepine 1/41 (2.4)

Monotherapy (subgroup A) 31/41 (75.6)
Combination therapy (subgroup B) 10/41 (24.4)
Duration of illness, y 1.9± 3.0; 0.8 (−0.4,

13.6)
Subgroup A 1.2± 2.0; 0.2 (−0.4,

7.3)
Subgroup B 4.0± 4.5; 2.5 (0.2,

13.6)
Seizure frequency at the time of the MRI
examinationb

Seizure-free 7/41 (17.1)
Controlled 8/41 (19.5)
Uncontrolled 26/41 (63.4)

Intelligence and developmental disorders of the
case group

14/41 (34.1)

Average IQ 83.5± 19.2; 81 (48,
112)

Mild intellectual disability 2/14 (14.3)
Moderate intellectual disability 1/14 (7.1)
Dissociated intelligence 1/14 (7.1)
Specific reading disorder 2/14 (14.3)
Mixed specific development disorders 1/14 (7.1)

No intelligence or developmental disorders 7/14 (50)

Abbreviations: IQ, Intelligence Quotient; MRI, magnetic resonance imaging.
aCategorical data are presented as n/N (%), and numerical values are mean with
SD and median (range).
bThe classificationof seizure frequency at the timeof theMRI examination has been
defined subjectively as 3 different categories: seizure-free, controlled, or
uncontrolled. Patientswithout seizureswere considered seizure-free. Patientswith
a constant seizure frequencywere classified as controlled.Uncontrolledmeans that
there were more epileptic seizures in the period around the MRI examination.

Table 3. Ratio of CV/TIV Volume Fraction in Regional White Matter
(WM): Significantly Lower Volume of Regional Lobules of the Case
Group Compared With the Control Group.

Cerebellar
region

Mean difference (95% confidence
interval) P value

WM right L V −0.05 (−0.10, − 0.01) .031
WM left L V −0.06 (−0.12, − 0.01) .014
WM left L VIIIA −0.12 (−0.20, − 0.03) .009
WM right L VIIIB −0.10 (−0.18, − 0.02) .011
WM left L VIIIB −0.08 (−0.15, − 0.01) .019

Abbreviations: CV, cerebellar volume; L, lobulus; TIV, total intracranial volume.
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children with epilepsy that explicitly evaluate separate lobules
on MRI using region-based morphometry. It should be kept
in mind that it is quite possible that the effect demonstrated in
this work is not due to epilepsy alone but may also be due to
antiseizure medications (ASMs).32 To our knowledge, no tar-
geted studies of the cerebellum in children with epilepsy have
been performed on this aspect either.

In our analysis of total cerebellar white matter volume in the 2
subgroups of children with epilepsy of unknown etiology, only
the group of children with 1 ASM showed a significantly lower
volume compared with the control group. The subgroup with chil-
dren receiving more than 1 ASM did not show significant volume
differences. A possible explanation is that the small number of
cases in subgroup B may have biased the result.

Figure 1. Region-based morphometry. Significantly lower volume of regional white matter (WM) in 5 cerebellar lobules: right L V, left L V, left
L VIIIA, right L VIIIB, left L VIIIB comparing the case group to the control group. Colors represent the areas where the volume is lower. The
right side of the brain is shown on the right side.

Table 4. Ratio of CV/TIV Volume Fraction in Regional White Matter
(WM): Significantly Lower Volume of Regional Lobules of the
Subgroup A Compared to the Control Group.

Cerebellar
region

Mean difference (95% confidence
interval) P value

WM right L V −0.06 (−0.11, −0.01) .030
WM left L V −0.08 (−0.14, −0.03) .002
WM left C I −0.19 (−0.35, −0.03) .018
WM left L VIIIA −0.14 (−0.23, −0.04) .004
WM right L VIIIB −0.10 (−0.18, −0.02) .017
WM left L VIIIB −0.10 (−0.17, −0.02) .008

Abbreviations: C, Crus; CV, cerebellar volume; L, Lobulus; TIV, total
intracranial volume.
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We calculated the CV/TIV volume ratio,33 thereby eliminat-
ing age- or sex-related volume differences in the cerebellum and
making the results comparable.34 This is important because of
age-related differences in the absolute volume of the brain
between children and adolescents.35 In addition, several

studies have demonstrated that men have a larger total cerebel-
lar volume than women.36–38

For the first time, we used differentiated region-based mor-
phometry analysis of the white matter in each lobule of the cere-
bellum and were able to detect a significant regional lower
volume of the sensorimotor area (LV, LVIII A, and B), which
is located partially in the anterior lobus,39 and in areas of the pos-
terior lobe (crus I), which is involved in higher cognitive func-
tions.40 Figure 4 shows a supplemental schematic representation
based on the Cobra atlas that summarizes our results in the
context of the anatomy of the different lobules of the cerebellum.

Sensorimotor function is detected in the neural network of
the anterior lobe.41 Thus, the main task of the anterior cerebellar
lobe seems to be the integration of multisensory information in
this complex neuronal system and sending the information back

Figure 2. Region-based morphometry. Significantly lower volume of regional white matter (WM) in 6 areas: right L V, left L V, left C I, left L
VIIIA, right L VIIIB, left L VIIIB comparing the subgroup A (1 antiseizure medication) to the control group. Colors represent the areas where the
volume is lower. The right side of the brain is shown on the right side.

Table 5. Ratio of CV/TIV Volume Fraction in Regional White Matter
(WM): Significantly Lower Volume of Regional Lobules of the
Subgroup B Compared to the Control Group.

Cerebellar
region

Mean difference (95% confidence
interval) P value

WM right L X −0.02 (−0.04, −0.00) .024

Abbreviation: CV, cerebellar volume; L, lobulus; TIV, total intracranial volume.
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to the cerebral cortex.42,43 In the sensorimotor sector, the cere-
bellum mediates the implementation of internal models by inte-
grating predictions about the consequences of a movement with
sensory feedback. Through this integration, motor behavior can
be precisely adjusted.44,45

Higher cognitive task categories, which are processed in the
posterior lobe of the cerebellum, include functions of language,
verbal working memory, spatial tasks, and executive functions,
such as planning, abstract reasoning, and emotional process-
ing.46,47 Recently, Bareš et al summarized findings on the func-
tions of the cerebellum in the cognitive network in a consensus
study.48 He pointed out that the cerebellum is involved in virtu-
ally every cerebral process requiring feedback and fine-tuning.

Based on these data, we believe that epilepsy of unknown
etiology affects sensorimotor and cognitive cerebellar areas

via the tight functional connection across the corticopontocere-
bellar and cerebellothalamocortical loops between the cerebel-
lum and the supratentorial motor, paralimbic, and association
cortices.48

If a reduction of white matter were the consequence of epi-
lepsy, our data would suggest that pathologic overactivation of
cerebral structures, for example, by pathomechanisms such as
oxidative stress, would lead to a degeneration of important
neurons of the cerebellar system, thus leading to secondary cer-
ebellar symptoms such as ataxia, coordination, and eye move-
ment disorders. Accordingly, cerebellar lobule volumetry
could be a sensitive screening parameter that encourages the
treating physician to specifically check cerebellar function.

However, if a reduction of afferent cerebellar neurons or
white matter into the cerebrum causes or promotes epilepsy,

Figure 3. Region-based morphometry. Significant lower volume of regional white matter (WM) in 1 area: right L X, comparing the subgroup B
(more than 1 antiseizure medication) to the control group. Colors represent the areas where the volume is lower. The right side of the brain is
shown on the right side.
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MR volumetry would, on the one hand, have prognostic value
regarding seizure control. On the other hand, these results could
also be used to therapeutically influence epilepsy by stimulating
specific cerebellar structures.

This assumption is also supported by the knowledge of spe-
cific cerebellar syndromes.49,50 Thus, structural lesions in cir-
cumscribed areas of the cerebellum lead to specific patterns of
damage. Accordingly, cognitive deficits with impairment of
executive function, visual-spatial processing, language deficits,
and affective dysregulation are defined as Schmahmann syn-
drome.51 However, given the complexity of the functional
and structural connectivity of neuronal networks, further pro-
spective studies are needed to improve our understanding of
the causes and effects of volume differences in regional cerebel-
lar lobules.

In addition, many patients with epilepsy have been reported
to be more affected by comorbidities as the duration of the
disease increases. These additional limitations, such as cogni-
tive deficits, burden many affected patients.52–54 Thus, approx-
imately 75% of adult patients with epilepsy have an average IQ,
whereas 90% of the normal population have an average IQ.55,56

In addition, specific learning disabilities in reading, writing, and
mathematics are more common in epilepsy than in the normal
population.57–59 The correlation between average IQ and cere-
bellar volume also proved to be nonsignificant in our study, but
the tendencies were recognizable. The IQ of the case group was
83.5, which was lower than the average population IQ of 100.60

Regarding the clinical application of our findings, it is con-
ceivable that cognitive and sensorimotor deficits could already
be suspected at an early stage of epilepsy based on the primary
cranial MRI examination with region-based morphometry
volumetry.

This knowledge about a potential or, until then, not con-
cretely perceived deficit, could possibly be helpful to specifi-
cally support affected children.61 Moreover, it is conceivable
that detectable volume changes could be an early indicator of

later cognitive deficits or a predictor of epilepsy persistence
later in life.

Currently, volumetry of the cerebellum with sequencing of
individual lobules requires a large number of personnel and
time. Additionally, separate software solutions are required
for postprocessing in addition to the regular picture archiving
and communication system (PACS). In the future, it would be
helpful to develop tools that are easy to use and integrate into
PACS.

Limitations of the present study include the small number
of patients in the case and control groups, the retrospective
approach, the heterogeneous sequence selection of 1.5- and
3-T devices, and the selection of the control group of children
with headache and migraine. Patients with migraine or head-
ache may exhibit volume differences.62–64 In addition, a lon-
gitudinal study of children and adolescents with epilepsy
over a longer period would be interesting to better understand
time-related associations during antiepileptic drug therapy.
Therefore, a larger prospective study with more patients and
the use of only a single 3-T MRI with identical sequence selec-
tion, possibly in a multicenter study approach, would be pref-
erable. In our study, only one-third of children with epilepsy
were given an IQ assessment. It can be assumed that no IQ
test was carried out for many children because they attended
mainstream school without a special educational support cer-
tificate. No testing was performed in these cases. Therefore, in
a subsequent prospective study, IQ assessment of all study
participants should be performed to achieve higher statistical
power.

Conclusion
Because of different regional functions of the cerebellum, an
analysis of the total cerebellar volume alone does not seem to
be sufficient. A highly differentiated volume analysis, paying
particular attention to a separated analysis of white and gray
matter volumes of the individual lobules, is required.
Findings could contribute to a better understanding of the
complex functions and interrelationships of the neuronal net-
works of the cerebellum in pediatric patients with epilepsy of
unknown etiology.
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Figure 4. Supplemental schematic map of the cerebellum based on
the Cobra atlas: the figure shows schematically the cerebellar areas I
to X in the right and left hemisphere as well as in the cerebellar
vermis. The networks are assigned to the corresponding cerebellar
areas by the distribution of the different colored points. Areas with
significant white matter volume reduction are marked by red
(significant white matter [WM] volume reduction in the case group)
and gray (significant WM volume reduction in the subgroup A)
rectangles. The right side shows the anatomical right side of the
cerebellum.

946 Journal of Child Neurology 37(12-14)



Funding
The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Ethical Approval
The Ethics Committee of the Friedrich Schiller University Jena at the
Faculty of Medicine gave its consent for the collection, analysis and
publication of the retrospectively collected and anonymized data for
this non-interventional study (approval no. 2020-1782-data).

ORCID iDs
Katja Glutig https://orcid.org/0000-0001-7669-5193
Paul-Christian Krüger https://orcid.org/0000-0002-9545-8115

References

1. Bottmer C, Bachmann S, Pantel J, et al. Reduced cerebellar
volume and neurological soft signs in first-episode schizophrenia.
Psychiatry Res. 2005;140(3):239‐250.

2. Kramer J, Huber M, Mundinger C, et al. Abnormal cerebellar
volume in somatic vs. non-somatic delusional disorders.
Cerebellum Ataxias. 2020;7:2.

3. Ramasamy DP, Benedict RH, Cox JL, et al. Extent of cerebellum,
subcortical and cortical atrophy in patients with MS: a case-
control study. J Neurol Sci. 2009;282(1/2):47‐54.

4. Kulak P, Maciorkowska E, Goscik E. Volumetric magnetic reso-
nance imaging study of brain and cerebellum in children with
cerebral palsy. Biomed Res Int. 2016;2016:5961928.

5. Chen S, Zhang J, Ruan X, et al. Voxel-based morphometry anal-
ysis and machine learning based classification in pediatric mesial
temporal lobe epilepsy with hippocampal sclerosis. Brain Imaging
Behav. 2020;14(5):1945‐1954.

6. Keller SS, O’Muircheartaigh J, Traynor C, Towgood K, Barker
GJ, Richardson MP. Thalamotemporal impairment in temporal
lobe epilepsy: a combined MRI analysis of structure, integrity,
and connectivity. Epilepsia. 2014;55(2):306‐315.

7. Keller SS,RichardsonMP,Schoene-Bake JC,et al.Thalamotemporal
alteration and postoperative seizures in temporal lobe epilepsy. Ann
Neurol. 2015;77(5):760‐774.

8. de Campos BM, Coan AC, Lin Yasuda C, Casseb RF, Cendes F.
Large-scale brain networks are distinctly affected in right and left
mesial temporal lobe epilepsy. Hum Brain Mapp. 2016;37(9):
3137‐3152.

9. Hagemann G, Lemieux L, Free SL, et al. Cerebellar volumes in
newly diagnosed and chronic epilepsy. J Neurol. 2002;249(12):
1651‐1658.

10. Oyegbile TO, Bayless K, Dabbs K, et al. The nature and extent of
cerebellar atrophy in chronic temporal lobe epilepsy. Epilepsia.
2011;52(4):698‐706.

11. Marcian V, Filip P, Bares M, Brazdil M. Cerebellar dysfunction
and ataxia in patients with epilepsy: coincidence, consequence,
or cause? Tremor Other Hyperkinet Mov (N Y). 2016;6:376.

12. Bostan AC, Strick PL. The basal ganglia and the cerebellum:
nodes in an integrated network. Nat Rev Neurosci. 2018;19(6):
338‐350.

13. Schmahmann JD. The cerebellum and cognition. Neurosci Lett.
2019;688:62‐75.

14. D’Angelo E. Physiology of the cerebellum. Handb Clin Neurol.
2018;154:85‐108.

15. Fisher RS, Cross JH, French JA, et al. Operational classification of
seizure types by the international league against epilepsy: position
paper of the ILAE commission for classification and terminology.
Epilepsia. 2017;58(4):522‐530.

16. Scheffer IE, Berkovic S, Capovilla G, et al. ILAE classification of
the epilepsies: position paper of the ILAE commission for classi-
fication and terminology. Epilepsia. 2017;58(4):512‐521.

17. Vlooswijk MC, Jansen JF, de Krom MC, et al. Functional MRI in
chronic epilepsy: associations with cognitive impairment. Lancet
Neurol. 2010;9(10):1018‐1027.

18. Nickels KC, Zaccariello MJ, Hamiwka LD, Wirrell EC. Cognitive
and neurodevelopmental comorbidities in paediatric epilepsy. Nat
Rev Neurol. 2016;12(8):465‐476.

19. Gaser C, Dahnke R. CAT - A computational anatomy toolbox for
the analysis of structural MRI data. Accessed May 2022. http://
www.neuro.uni-jena.de/cat/

20. Farokhian F, Beheshti I, Sone D, Matsuda H. Comparing cat12
and vbm8 for detecting brain morphological abnormalities in tem-
poral lobe epilepsy. Front Neurol. 2017;8:428.

21. Larsell O, Stotler WA. Some morphological features of the human
cerebellum. Anat Rec. 1947;97(3):352.

22. Haynes L, Ip A, Cho IYK, et al. Grey and white matter volumes in
early childhood: a comparison of voxel-based morphometry pipe-
lines. Dev Cogn Neurosci. 2020;46:100875.

23. Whelan CD, Altmann A, Botia JA, et al. Structural brain abnor-
malities in the common epilepsies assessed in a worldwide
ENIGMA study. Brain. 2018;141(2):391‐408.

24. Lawson JA. Cerebral and cerebellar volume reduction in children
with intractable epilepsy. Epilepsia. 2000;41(11):1456‐1462.

25. Saute R, Dabbs K, Jones JE, Jackson DC, Seidenberg M,
Hermann BP. Brain morphology in children with epilepsy and
ADHD. PLoS One. 2014;9(4):e95269.

26. Pitkanen A, Loscher W, Vezzani A, et al. Advances in the develop-
ment of biomarkers for epilepsy.LancetNeurol. 2016;15(8):843‐856.

27. Park MTM, Pipitone J, Baer LH, et al. Derivation of high-
resolution MRI atlases of the human cerebellum at 3 T and seg-
mentation using multiple automatically generated templates.
NeuroImage. 2014;95:217‐231.

28. Keller S. Voxel based morphometry of grey matter abnormalities
in patients with medically intractable temporal lobe epilepsy:
effects of side of seizure onset and epilepsy duration. J Neurol
Neurosurg Psychiatry. 2002;73(6):648-655.

29. Dabbs K, Becker T, Jones J, Rutecki P, Seidenberg M, Hermann
B. Brain structure and aging in chronic temporal lobe epilepsy.
Epilepsia. 2012;53(6):1033‐1043.

30. Mueller SG, Laxer KD, Cashdollar N, Buckley S, Paul C, Weiner
MW. Voxel-based optimized morphometry (VBM) of gray and
white matter in temporal lobe epilepsy (TLE) with and without
mesial temporal sclerosis. Epilepsia. 2006;47(5):900‐907.

31. Park KM, Han YH, Kim TH, et al. Cerebellar white matter
changes in patients with newly diagnosed partial epilepsy of
unknown etiology. Clin Neurol Neurosurg. 2015;138:25‐30.

Glutig et al 947

https://orcid.org/0000-0001-7669-5193
https://orcid.org/0000-0001-7669-5193
https://orcid.org/0000-0002-9545-8115
https://orcid.org/0000-0002-9545-8115
http://www.neuro.uni-jena.de/cat/
http://www.neuro.uni-jena.de/cat/
http://www.neuro.uni-jena.de/cat/


32. Ibdali M, Hadjivassiliou M, Grunewald RA, Shanmugarajah PD.
Cerebellar degeneration in epilepsy: a systematic review. Int J
Environ Res Public Health. 2021;18(2):473.

33. Sanz-Cortes M, Egana-Ugrinovic G, Zupan R, Figueras F, Gratacos
E.Brainstemandcerebellardifferencesand their associationwithneu-
robehavior in term small-for-gestational-age fetuses assessed by fetal
MRI. Am J Obstet Gynecol. 2014;210(5):452e1-e8.

34. Bernard JA, Leopold DR, Calhoun VD, Mittal VA. Regional cer-
ebellar volume and cognitive function from adolescence to late
middle age. Hum Brain Mapp. 2015;36(3):1102‐1120.

35. Wu KH, Chen CY, Shen EY. The cerebellar development in
Chinese children—a study by voxel-based volume measurement
of reconstructed 3D MRI scan. Pediatr Res. 2011;69(1):80‐83.

36. Chung SC, Lee BY, Tack GR, Lee SY, Eom JS, Sohn JH. Effects
of age, gender, and weight on the cerebellar volume of Korean
people. Brain Res. 2005;1042(2):233‐235.

37. Rhyu IJ, Cho TH, Lee NJ, Uhm CS, Kim H, Suh YS. Magnetic
resonance image-based cerebellar volumetry in healthy Korean
adults. Neurosci Lett. 1999;270(3):149‐152.

38. Escalona PR, McDonald WM, Doraiswamy PM, et al. In vivo
stereological assessment of human cerebellar volume: effects of
gender and age. AJNR Am J Neuroradiol. 1991;12(5):927‐929.

39. Thach WT. Does the cerebellum initiate movement? Cerebellum.
2014;13(1):139‐150.

40. Koziol LF, Budding D, Andreasen N, et al. Consensus paper: the
cerebellum’s role in movement and cognition. Cerebellum.
2014;13(1):151‐177.

41. Stoodley CJ, Schmahmann JD. Functional topography in the
human cerebellum: a meta-analysis of neuroimaging studies.
Neuroimage. 2009;44(2):489‐501.

42. Leggio M, Molinari M. Cerebellar sequencing: a trick for predict-
ing the future. Cerebellum. 2014;14(1):35‐38.

43. Olivito G, Lupo M, Laghi F, et al. Lobular patterns of cerebellar
resting-state connectivity in adults with autism spectrum disorder.
Eur J Neurosci. 2018;47(6):729‐735.

44. Ito M. Control of mental activities by internal models in the cere-
bellum. Nat Rev Neurosci. 2008;9(4):304‐313.

45. Ebner TJ, Pasalar S. Cerebellum predicts the future motor state.
Cerebellum. 2008;7(4):583‐588.

46. Stoodley CJ, Schmahmann JD. Evidence for topographic organi-
zation in the cerebellum of motor control versus cognitive and
affective processing. Cortex. 2010;46(7):831‐844.

47. Stoodley CJ, Valera EM, Schmahmann JD. Functional topogra-
phy of the cerebellum for motor and cognitive tasks: an fMRI
study. Neuroimage. 2012;59(2):1560‐1570.

48. Bareš M, Apps R, Avanzino L, et al. Consensus paper:
decoding the contributions of the cerebellum as a time

machine. From neurons to clinical applications. Cerebellum.
2018;18(2):266‐286.

49. Manto M, Marien P. Schmahmann’s syndrome - identification of the
third cornerstone of clinical ataxiology.Cerebellum Ataxias. 2015;2:2.

50. Bodranghien F, Bastian A, Casali C, et al. Consensus paper: revis-
iting the symptoms and signs of cerebellar syndrome. Cerebellum.
2016;15(3):369‐391.

51. Timmann D, Brandauer B, Hermsdorfer J, et al. Lesion-symptom
mapping of the human cerebellum. Cerebellum. 2008;7(4):602‐606.

52. Allen G, McColl R, Barnard H, Ringe WK, Fleckenstein J,
Cullum CM. Magnetic resonance imaging of cerebellar-prefrontal
and cerebellar-parietal functional connectivity. Neuroimage.
2005;28(1):39‐48.

53. Rai D, Kerr MP, McManus S, Jordanova V, Lewis G, Brugha TS.
Epilepsy and psychiatric comorbidity: a nationally representative
population-based study. Epilepsia. 2012;53(6):1095‐1103.

54. Fine AL, Wirrell EC, Nickels KC. Classifications of seizures and epi-
lepsies. In: Spanaki MV,Wasade VS, eds.Understanding Epilepsy: A
Study Guide for the Boards. Cambridge University Press; 2019:58‐76.

55. Berg AT, Langfitt JT, Testa FM, et al. Global cognitive function in
children with epilepsy: a community-based study. Epilepsia.
2008;49(4):608‐614.

56. Walker NM, Jackson DC, Dabbs K, et al. Is lower IQ in children
with epilepsy due to lower parental IQ? A controlled comparison
study. Dev Med Child Neurol. 2013;55(3):278‐282.

57. Beghi M, Cornaggia CM, Frigeni B, Beghi E. Learning disorders
in epilepsy. Epilepsia. 2006;47(suppl 2):14‐18.

58. Wo SW, Ong LC, LowWY, Lai PSM. The impact of epilepsy on aca-
demic achievement in children with normal intelligence and without
major comorbidities: a systematic review.Epilepsy Res. 2017;136:35‐45.

59. Reilly C, Atkinson P, Das KB, et al. Academic achievement in
school-aged children with active epilepsy: a population-based
study. Epilepsia. 2014;55(12):1910‐1917.

60. Reilly C, Neville BG. Academic achievement in children with epi-
lepsy: a review. Epilepsy Res. 2011;97(1–2):112‐123.

61. Johnson EC, Atkinson P, Muggeridge A, Cross JH, Reilly C.
Epilepsy in schools: views on educational and therapeutic provi-
sion, understanding of epilepsy and seizure management.
Epilepsy Behav. 2021;122:108179.

62. Jin C, Yuan K, Zhao L, et al. Structural and functional abnormalities
in migraine patients without aura. NMR Biomed. 2013;26(1):58‐64.

63. Bilgic B, Kocaman G, Arslan AB, et al. Volumetric differences
suggest involvement of cerebellum and brainstem in chronic
migraine. Cephalalgia. 2016;36(4):301‐308.

64. Qin Z, He X-W, Zhang J, et al. Structural changes of cerebellum
and brainstem in migraine without aura. J Headache Pain.
2019;20(1):1‐9.

948 Journal of Child Neurology 37(12-14)


	 Introduction
	 Methods
	 Participants
	 Cognitive Assessment
	 MR Data Acquisition
	 Region-Based Morphometry
	 Statistical Analysis

	 Results
	 Cerebellar Measures Comparing Case and Reference Group
	 Differences in Demographic and Clinical Parameters

	 Discussion
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


