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ABSTRACT – Genetic generalised epilepsy or epilepsy of unknown cause
can remit before adolescence. In many children, the disease does not
interfere with their academic achievement. Although there are neuropsy-
chological studies characterising the cognitive profile, there are no studies
in this population focused on spatial orientation abilities. In this study,
we compared children with genetic generalised epilepsy or epilepsy of
unknown cause with a control group using a virtual spatial learning task.
Children with epilepsy showed worse performance on the spatial orien-
tation task, although their visuo-spatial memory, attention, and working

ts confirm that genetic generalised
se is associated with more cognitive
an complement clinical assessment.

gation, academic achievement,

features of these children were
addressed in other studies, to our
knowledge, virtual reality-based
tasks have never been applied to
this population to assess spatial
memory.
Virtual reality tasks were introduced
in the last decade to assess human
cognitive abilities (Astur et al., 2002).
These tests were demonstrated to
memory were normal. These resul
epilepsy or epilepsy of unknown cau
deficits. Virtual reality technologies c

Key words: hippocampus, navi
neuropsychology

Childhood epilepsy is associated
with a good prognosis especially
in genetic generalised epilepsy or
epilepsy of unknown cause. Most of
these children have normal intelli-
gence and become free of seizures
within the first two years after diag-
nosis, either spontaneously or with
medical treatments (Berg et al.,
1995). Nevertheless, in recent years,
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several studies have shown that
many of these children experi-
ence neuropsychological problems
even in those syndromes which
were previously considered benign
(Vallée, 2012; Jackson et al., 2013).
Although the neuropsychological

be very sensitive to hippocampal
disturbance (Cánovas et al., 2011).
In this study, we applied a virtual
reality-based task to assess spatial
memory in children with genetic
generalised epilepsy or epilepsy of
unknown cause.
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ase series

ethods

en children with genetic generalised epilepsy
r epilepsy of unknown cause participated in

his study; five 8-year-old boys and five 9-year-
ld boys. They were patients of the Torrecárde-
as Hospital Pediatric Neurology Service (Almería).
04

nclusion criteria were: 8 or 9-year-old boys with two
pileptic seizures, 24 hours apart, without intellec-
ual disability or motor deficits, and normal MRI.
ubjects were matched by age and sex with a control
roup (n=10). All subjects declared to have video-game
xperience. Five of the children were taking oxcar-

Table 1. Clinical featur

Age Age at
onset

Duration
in months

Time since
the last episode*

EE

Subject 1 9y 10m 9y 4m 6m 1 week 3-
sp

Subject 2 9y 7m 8y 6m 13m 13m G
an
po

Subject 3 8y 7y 8m 4m 4m 3-
sp

Subject 4 8y 11m 8y 5m 6m 6m N

Subject 5 8y 11m 8y 11m 6m Le
ce
sp

Subject 6 8y 6y 11m 13m 3m N

Subject 7 8y 1m 5y 7m 30m 15m N

Subject 8 9y 6m 7y 30m 18m 3-
sp

Subject 9 9y 9m 6y 6m 39m 10m In
an
ce
sp

Subject 10 9y 11m 7y 2m 33m 33m 3-
sp

Time from the last episode takes into account the date of assessmen
enign epilepsy with centrotemporal spikes; FEUC: focal epilepsy of u

T
c
s
1
t
t

azepine, three of them sodium valproate, and the last
boys had had their medication suspended (table 1).
he study was conducted in accordance with the
uropean Communities Council Directive 2001/20/EC
nd Helsinki Declaration for biomedical research
nvolving humans. All subjects’ parents signed
nformed consent before participating in this study.
he virtual task, called the “Boxes-Room”, was admin-
Epileptic Disord, Vol. 16, No. 2, June 2014

es of the sample.

G Epileptic
syndrome

Medication MRI

Hz generalised
ike-wave

CAE Sodium
Valproate
30 mg/kg/day

Normal

eneralised spike
d
lyspike-wave

ETCSO Sodium
Valproate
40 mg/kg/day

Normal

Hz generalised
ike-wave

CAE Suspended Normal

ormal BECTS Oxcarbazepine
27 mg/kg/day

Normal

ft
ntrotemporal
ike-wave

BECTS Oxcarbazepine
30 mg/kg/day

Normal

ormal BECTS Oxcarbazepine
22 mg/kg/day

Normal

ormal FEUC Sodium
Valproate
22 mg/kg/day

Normal

Hz generalised
ike-wave

CAE Suspended Normal

dependent left
d right
ntro-temporal
ikes

BECTS Oxcarbazepine
34 mg/kg/day

Normal

Hz generalised
ike-wave

CAE Sodium
Valproate
25 mg/kg/day

Normal

t; y: years; m: months; CAE: childhood absence epilepsy; BECTS:
nknown cause; ETCSO: epilepsy with tonic-clonic seizures only.

he task was described previously by Cánovas and
olleagues (2008). In brief, the Boxes-Room task con-
isted of a virtual, decorated square room in which
6 brown boxes were symmetrically distributed on
he floor. Several stimuli disambiguated spatial loca-
ions. Participants were instructed to find the position
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(F1,18=6.4; p<0.02) (mean: 0.62 vs 3.23 for controls
and patients, respectively). The number of errors also
changed across trials (F8,144=3.43; p<0.001). A post
hoc Tukey test showed that errors decreased until the
third trial (p<0.05). The interaction term was not sig-
nificant (F8,144=0.75; p=0.64) (figure 2). The number of

10,00
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8,00

6,00
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Er
ro

rs
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0,00
ccupied by the rewarded boxes as quickly as possible,
y opening the smallest number of boxes neces-
ary. No information regarding useful strategies was
rovided.
hen a subject opened a box, it would either turn

reen and a pleasant melody would sound, indicating
hat it was a rewarded box or, on the contrary, turn red
ith an unpleasant tone, indicating that it was incor-

ect. Once a box was opened, it remained green or
ed until all the rewarded boxes were found or the

aximum trial duration (150 seconds) had passed, thus
elping participants to remember their positions. All

he boxes returned to brown when a new trial began.
n this study, participants were asked to find the
ewarded boxes and remember their locations that
emained constant during the session. However, the
tarting position was different from one trial to the
ext, avoiding egocentric solutions to the task. Parti-
ipants executed two consecutive sessions of 10 trials
ach, with an inter-trial interval of five seconds. Sub-

ects had to find one and three rewards in session
ne and two, respectively. As reported before, the task
as made more difficult by increasing the number of

ewards (Cánovas et al., 2008).
n addition, several neuropsychological tests were
dministered to assess attention, memory span, work-
ng memory, and visuo-spatial memory; Digit span
forward and backward) and the 10/36 Spatial Recall
est (SRT) (Wechsler, 2003; Strober et al., 2009). The raw
cores were analysed in each test. In the 10/36 SRT, the
ean number of correct responses out of three trials
as used, as well as the number of correct responses

or long-term memory retrieval (administered 20
inutes after the end of the initial learning session).

esults

wo between- and within-subjects ANOVA tests
Group x Trial) were used to analyse the data for the
irtual reality task. Since subjects opened the boxes at
andom in the initial trial, this trial was removed from
ll analyses.
he first analysis of the one-reward condition revealed
ifferences between trials (F8,144=8.11; p<0.0001) and
statistically significant interaction term (F8,144=4.02;
<0.001), but no differences between the groups

F1,18=0.67; p=0.42). Post hoc analysis of the inter-
ction (Tukey test) showed that controls displayed less
rrors than the epileptic group in the second trial
pileptic Disord, Vol. 16, No. 2, June 2014

mean number of errors for controls and patients were
espectively 1.3 vs 5.5; p<0.05). In addition, subjects
eached the asymptotic level in the fourth trial, since
here was not any significant decrease in the number
f errors thereafter (p<0.05) (figure 1).
or the second analysis of the three-reward condition,
roups differed in the number of errors committed

F
T
c

igure 1. Number of errors in the one-reward condition.
ote that controls showed a better learning curve than children
ith epilepsy, with a better performance in the second trial (mean
SEM).
205

Trials

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

CON EPI

igure 2. Number of errors in the three-reward condition.
he groups clearly differed in their performance, with the
ontrols outperforming the epilepsy group (mean + SEM).
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errors on the first trial was also compared to deter-
mine if the performance of the task was influenced
by motor or motivational factors. Note that in the first
trial, both groups performed at random because they
did not know the position of the rewards. Student
t-tests for independent samples showed that there
was no significant difference between the groups
for the one-reward condition (t[18]=1.009, p>0.05) or
the three-reward condition (t[18]=0.23, p>0.05). “Time
from onset” was correlated with the “number of
errors” on the virtual reality task. Pearson correlation
values were -0.6 (p<0.05) and -0.2 (p>0.05) for the one-
reward and the three-reward conditions, respectively.
Performance did not differ for the remaining neuro-
psychological tests (table 2). In particular, groups
did not differ for the forward version of the digit
span task or the backward version; student t-tests
for independent samples were (t[18]=0.1, p>0.05) and
(t[18]=0.75, p>0.05), respectively. In addition, no dif-
ferences between groups emerged in the acquisition
phase of the visuo-spatial task, 10/36 SRT (t[18]=0.59,
p>0.05). Long-term retrieval did not differ either in this
task (t[18]=1.33, p=0.36).

Discussion

To our knowledge, this is the first study carried out
on children with epilepsy using virtual reality-based
tasks to assess spatial memory. As can be seen in
table 1, the sample is heterogeneous, including chil-
dren with different epileptic syndromes. We have
confirmed that childhood epilepsy is associated with
cognitive deficits (Cormack et al., 2007; Berg et al.,
2013).
Other basic neuropsychological tests for assess-
ing memory span, attention, working memory, and
visuo-spatial memory did not reveal any differences
between the patients and their control group. These
results are consistent with Mankinen et al. (2014) who
showed that neuropsychological performance did not
differ for children with temporal lobe epilepsy with
normal MRI findings and their controls. Thus, our
study supports the idea that such neuropsychologi-
cal processes did not form the basis of the alterations
detected here.

Table 2. Results for each of the neur

Digits
(Forward)

Digits
(Backward)

10/36 SR
Short-te

Epilepsy 5 + 0.94 3.5 + 0.97 5.6 + 1.9

Controls 5 + 1.24 3.2 + 0.78 6.3 + 0.96

Virtual Task 1R : Virtual Task 1 Reward; Virtual Task 3R : Virtual Task 3 R
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t is interesting to note that the groups did not
iffer in their visuo-spatial abilities, since their perfor-
ance in the visuo-spatial test (10/36 SRT) was similar,

et controls outperformed children with epilepsy in
he virtual-reality spatial memory task. This taps spa-
ial orientation demands that require more cognitive
esources, relative to traditional visuo-spatial tests.
pecifically, the 10/36 SRT requires subjects to stare at
6×6-two-dimensional grid and remember 10 occu-

ied positions. This task could be solved by retrieving
fixed image of the occupied positions on the grid.
n the other hand, the virtual reality task demands

xploring a 3D environment, with the view chang-
ng as the subject moves. Only by understanding the
hanging spatial relationships between the cues avail-
ble, could subjects successfully retrieve rewarded
ositions.
ince controls committed more errors in the first
rial than children with epilepsy (mean: 7.67 and 6.83,
espectively; see figure 1), motivational or motor fac-
ors, or video-game experience could not account for
he results reported. It is also noteworthy that dif-
erences were more pronounced when the level of
ifficulty increased. As reported previously, by modify-

ng levels of difficulty of the task, it is possible to reveal
ifferences between groups that were masked at very

ow levels (Cánovas et al., 2008).
he time period since onset of epilepsy did not
orrelate highly with the number of errors and this vari-
ble was associated with impaired cognitive develop-
ent (Vendrame et al., 2009). However, we did not find
strong correlation with the number of errors in the

hree-reward condition. Nevertheless, sample and age
t onset differed in both studies, which could explain
he different correlations reported.
t is well known that the hippocampal system is one
f the most epileptogenic regions in the brain and

s involved in memory and spatial learning func-
ions (Squire, 1992). Previous work addressed spatial
Epileptic Disord, Vol. 16, No. 2, June 2014

opsychological tests employed.

T
rm

10/36 SRT
Long-term

Virtual
Task 1R

Virtual
Task 3R

5.7 + 2.4 1.08+0.8 3.23+2.1

6.9 + 1.5 0.75+0.8 0.62+1.2

ewards.

avigation abilities in epileptic patients, showing that
pilepsy altered spatial memory in different tasks
Weniger et al., 2012). In addition, the hippocampal sys-
em demonstrates late maturation. The dentate gyrus
nd other hippocampal areas, such as CA1 and CA3,
rovide new cells and undergo molecular changes
uring the first postnatal years (Lavenex and Lavenex,
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013). Presumably, anomalous brain activity during this
ritical period could modify hippocampal physiology,
eading to altered cognitive functions. Hence, children

ith genetic generalised epilepsy may experience a
eduction of hippocampal volume (Eroglu et al., 2007).
t is necessary to stress that children in our study
howed normal MRI. However, this did not exclude the
ossibility of subtle hippocampal changes undetected
y MRI. Another possibility is the presence of dysfunc-

ional cognitive networks involving the hippocampal
ystem. Note that during development, maturation is
haracterised by growth and reshaping of connec-
ivity to promote efficiency of cognitive processing
Hagmann et al., 2010). Moreover, Widjaja et al. (2013)
emonstrated a correlation between abnormal white
atter and neuropsychological functions in children.

hese network abnormalities were also observed in
he temporal lobe of patients with epilepsy, extending
eyond the seizure onset region (Maccota et al., 2013).
inally, the use of virtual reality-based tasks allows
he use of a reduced sample size to detect signifi-
ant effects. Virtual reality-based experiments do not
equire more than 10 to 15 subjects to achieve reliable
esults (Astur et al., 2002; Cánovas et al., 2008; Weniger
t al., 2012).
n conclusion, genetic generalised epilepsy or epilepsy
f unknown cause may manifest with neuropsycho-

ogical alterations, of which virtual reality tasks are
ighly sensitive to. �

cknowledgements and disclosures.
e thank Nobel Perdu for help with English. We would par-

icularly like to thank Professor Sarah Wilson, Associate Editor,
or her wise suggestions and editorial comments.
his work was supported by the Ministry of Economy and
ompetitiveness (Spain; PSI2011-26985).
he authors have declared no conflicts of interests.

eferences

stur RS, Taylor LB, Mamelak AN, Philpott L, Sutherland RJ.
umans with hippocampus damage display severe spatial
emory impairments in a virtual Morris water task. Behav

rain Res 2002; 132: 77-84.

erg AT, Hauser WA, Shinnar S. The prognosis of childhood-
nset epilepsy. In: Shinnar S, Amir N, Brandski D. Childhood
pileptic Disord, Vol. 16, No. 2, June 2014

eizures. Basel: Karger, 1995: 93-9.

erg AT, Caplan R, Baca CB, Vickrey BG. Adaptative behavior
nd later school achievement in children with early-onset
pilepsy. Dev Med Child Neurol 2013; 55: 661-7.

ánovas R, Espínola M, Iribarne L, Cimadevilla JM. A new
irtual task to evaluate human place learning. Behav Brain
es 2008; 190: 112-8.

m
l
2

W
M
c
E

Spatial memory in children with epilepsy

ánovas R, León I, Serrano P, Roldán MD, Cimadevilla JM.
patial navigation impairment in patients with refractory tem-
oral lobe epilepsy: evidence from a new virtual reality-based

ask. Epilepsy Behav 2011; 22: 364-9.

ormack F, Cross JH, Isaacs E, et al. The development of intel-
ectual abilities in pediatric temporal lobe epilepsy. Epilepsia
007; 48: 201-4.

roglu B, Kurul S, Cakmakci H, Dirik E. The correlation of
eizure characteristics and hippocampal volumetric mag-
etic resonance imaging findings in children with idiopathic
artial epilepsy. J Child Neurol 2007; 22: 348-53.

agmann P, Sporns O, Madan N, et al. White matter matura-
ion reshapes structural connectivity in the late developing
uman brain. PNAS 2010; 117: 19067-72.

ackson DC, Dabbs K, Walker NM, et al. The neuropsycholog-
cal and academic substrate of new/recent-onset epilepsies.
Pediatr 2013; 162: 1047-53.

avenex P, Lavenex PB. Building hippocampal circuits to learn
nd remember: insights into the development of human
emory. Behav Brain Res 2013; 254: 8-21.

accota L, He BJ, Snyder AZ, et al. Impaired and facilitated
unctional networks in temporal lobe epilepsy. Neuroimage
013; 2: 862-72.

ankinen K, Harila MJ, Rytky SI, Pokka TM, Rantala HM. Neu-
opsychological performance in children with temporal lobe
pilepsy having normal MRI findings. Eur J Paediatr Neurol
014; 18: 60-5.

quire LR. Memory and the hippocampus: a synthesis
rom findings with rats, monkeys and humans. Psychol Rev
992; 99: 195-231.

trober L, Englert J, Munschauer F, et al. Sensitivity of con-
entional memory tests in multiple sclerosis: comparing the
ao Brief Repeatable Neuropsychological Battery and the
inimal Assessment of Cognitive Function in MS. Mult Scler

009; 15: 1077-84.

allée L. Neuropsychological disorders and childhood
pilepsies. Rev Prat 2012; 62: 1406-9.

endrame M, Alexopoulos AV, Boyer K, et al. Longer duration
f epilepsy and earlier age at epilepsy onset correlate with

mpaired cognitive development in infancy. Epilepsy Behav
009; 16: 431-5.

echsler D. Wechsler intelligence scale for children, 4th ed.
adrid: Tea, 2003.

eniger G, Rhuleder M, Lange C, Irle E. Impaired egocentric
207

emory and reduced somatosensory cortex size in temporal
obe epilepsy with hippocampal sclerosis. Behav Brain Res
012; 227: 116-24.

idjaja E, Skocic J, Go C, Carter-Snead O, Mabbott D, Smith
L. Abnormal white matter correlates with neuropsychologi-

al impairment in children with localization-related epilepsy.
pilepsia 2013; 54: 1065-73.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier (FOGRA27)
  /Description <<
    /FRA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


