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ABSTRACT - Aims. To assess the localizing value of ictal SPECT in very young
epilepsy surgery candidates when cerebral haemodynamic responses are
known to be immature.

Methods. We retrospectively studied 13 infants with intractable focal epi-
lepsy caused by focal cortical dysplasia (FCD). Completeness of resection
of the (1) ictal SPECT hyperperfusion zone and (2) cerebral cortex with
prominent ictal and interictal abnormalities on intracranial EEG (ECoG or
long-term invasive monitoring) and the MRI lesion, when present, were
correlated with postoperative seizure outcome.

Results. All five patients with complete resection of the ictal SPECT hyper-
perfusion zone were seizure-free compared to only one of eight patients
with incomplete or no excision of hyperperfusion zones (p=0.00843). Simi-
lar results were noted for the MRI/iEEG-defined epileptogenic region; five
of six patients with complete removal were seizure-free, whereas only
one of seven incompletely resected patients was seizure-free (p=0.02914).
All four patients who underwent complete resection of both regions
were seizure-free compared to none of the six with incomplete resection
(p=0.01179).

Conclusion. Despite age-related differences in cerebral perfusion, ictal
SPECT provides useful localization data in infants with FCD. Complete
resection of the hyperperfused regions is a strong predictor of favourable
outcome. The added information may alleviate the need for invasive EEG
evaluations in some patients.
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Ictal single-photon emission computed tomography
(SPECT) is routinely used for epilepsy surgery plan-
ning. Previous studies reveal that ictal SPECT (and
ancillary methods, such as SISCOM, ISAS, and STATIS-
COM) assist in the localization of the epileptogenic
zone in patients harbouring focal cortical dysplasia
(FCD) and improve surgical outcome (O’Brien et al,,
2000; Kaminska, 2003; McNally et al., 2005; Kazemi et al.,
2009; Krsek et al., 2013). However, there is no compara-
ble study of ictal SPECT in infants with FCD.

Rare descriptions of ictal SPECT in infants and young
children with FCD are provided in case reports or
mixed-age cohort studies (Kaminska, 2003; Buchhalter
and So, 2004; Gupta et al., 2004; O’Brien et al., 2004).
Infantile SPECT studies have occasionally been repor-
ted in selective neurological disorders, including West
syndrome (Fujii et al., 2013; Haginoya et al., 2001), tube-
rous sclerosis complex (Koh et al., 2000), Sturge-Weber
syndrome (Pinton et al., 1997), hemimegalencephaly
(Uematsu et al., 2010), or neonatal seizures (Bgrch et
al., 1998).

Application of SPECT to very young patients raises
several important methodological questions. Global
cerebral blood flow changes rapidly in normal infants
and young children, increasing after birth and pea-
king by age 5 or 6 years; it then diminishes slowly
until it reaches adult levels between ages 15-19 years
(Chiron et al., 1996). Furthermore, over the first year
of life, regional cerebral blood flow (rCBF) increases
more rapidly in occipital rather than frontal cor-
tex, causing an increased antero-posterior gradient
(Chiron et al., 1996).

Despite these age-related differences in cerebral per-
fusion, theictal SPECT findings in previous case reports
or small series of infants are similar to later life, revea-
ling well-defined zones of ictal hyperperfusion and
interictal hypo-perfusion (Kaminska, 2003; Buchhalter
and So, 2004; Gupta et al., 2004; O’Brien et al., 2004).
The aim of our study was to further assess the useful-
ness of ictal SPECT in a cohort of very young epilepsy
surgery candidates with FCD. We analysed ictal SPECT
findings in 13 infants with histologically-proven FCD.
These subjects were included in the group of 106
children with FCD studied in our two previous publi-
cations dealing with the predictive value of SPECT for
outcome after epilepsy surgery (Krsek et al., 2013) and
the variables influencing the extent of SPECT findings
(Kudr et al., 2013).

Methods

Inclusion criteria

Data of all children who underwent excisional epi-
lepsy surgery at Miami Children’s Hospital were
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retrospectively reviewed from a de-identified database
in accordance with authorized institutional approval
for research on human subjects.

We selected patients who:

- had at least one good-quality ictal SPECT study per-
formed in the first year of life;

— subsequently underwent excisional epilepsy sur-
gery;

- had definite histological evidence of FCD;

- and had known seizure outcome at two years after
the (last) surgery.

Two patients (Patients 3 and 9) underwent two ictal
SPECT studies and Patient 5 had three ictal SPECT stu-
dies in the first year of life. All repeated SPECT studies
yielded similar findings and we therefore included
only the last SPECT study for purposes of data ana-
lysis. SPECT studies were correlated with outcome of
the last surgical procedure. Seven patients (Patients 4,
5,6,7,9,10 and 12) underwent surgery during the first
year of life, six patients (Patients 1, 2, 3, 8, 11 and 13) had
their surgeries between ages 2-4 years. Three patients
(Patients 1, 5 and 13) had repeated surgery; Patient 3
underwent two re-operations.

Ictal SPECT examination

Peri-ictal radioisotope injections were always per-
formed by trained registered radiology technicians
during video-EEG monitoring; 99mTc-HMPAO was
used in all patients. Doses of the radiotracer were cal-
culated according to the patient’s weight (300 n.Ci/kg).
Injections were administered as soon as either clinical
or electrographic seizure onset of a habitual seizure
was observed. The radiotracer injection was followed
by a saline flush. All SPECT studies were considered
ictal at the time of examination, however, we were not
able to obtain precise data about injection time in five
SPECT studies (Patients 1,3, 5, 10 and 13). In one patient
(Patient 12), the injection time was 180 seconds and the
length of injected seizure was 340 seconds. The injec-
tion times of the remaining studies were between7and
40 seconds. Al SPECT images were acquired within two
hours of the radiotracer injection.

Image acquisition was performed on a three-headed
Multispect 3 Siemens’ Medical System machine
(Hoffman Estate, lllinois, USA) with the parame-
ters: 120-word mode, 360-degree rotations, 40 stops
and 120 images, 60 seconds-per-frame imaging, 1.28
magnification factor, fan beam collimation, 7.6-mm
FWHM at 10 cm, 31x41 cm FoV, and isometric
voxel size of 2.897 mm. Attenuation correction was
applied in all studies. A standard series of axial, coro-
nal, and sagittal images were created. Uncooperative
or immature patients underwent image acquisition
using a paediatric sedation protocol, consisting of
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orally-administered chloral hydrate (50-75 mg/kg) or
pentobarbital (3-6 mg/kg). Continuous monitoring of
the airway and pulse oximetry was performed by a
trained registered nurse.

MRI examination

The MRI of all patients was performed on an MR scan-
ner with 1.5T strength field; fluid-attenuated inversion
recovery (FLAIR) sequences were obtained routinely
for all patients.

Blinded review of SPECT images

Initial visual analysis of peri-ictal scans for localization
of a region of the highest increase in the ictal per-
fusion was performed by a nuclear medicine expert
blinded to all patient data. A grey scale of the images
was then modified to achieve the best localization of
the region with increased perfusion. For the purposes
of the study, SPECT images were independently re-
evaluated by three reviewers (PK, BM, and AJ) who
were aware of the pathological diagnosis, but not the
clinical, EEG, MRI data, or postoperative seizure out-
comes. Differences between reviewers led to a case
being re-reviewed together until a consensus was
reached.
In the first step of image analysis, the reviewers were
required to localize cortical hyperperfusion zones
to 11 anatomically defined regions (frontal central,
mesial, convexity, polar, and basal; temporal mesial and
lateral; parietal mesial and lateral; and occipital mesial
and lateral) or to classify the images as “non-localizing”
(i.e. SPECT examinations with absent cortical hyperper-
fusion). The extent of cortical hyperperfusion was then
classified as follows:
- well-localized (confined to a region of one gyrus or
two contiguous gyri);
— lobar;
— multi-lobar;
— hemispheric;
- and bilateral.

Completeness of hyperperfusion zone removal

In the next phase of the analyses, both SPECT and post-
surgical MR images (performed after the last surgery)
were presented to the reviewers for correlation of the
SPECT findings to the resection cavity. The relationship
of the SPECT hyperperfusion zone to the resection was
classified as:

— completely resected;

— partially resected;

- and non-resected.

Relation of SPECT findings
to MRI and EEG localization

Finally, completeness of the SPECT hyperperfusion
zone removal was correlated with the MRI and intra-
cranial EEG findings (ECoG or long-term invasive
monitoring). Completeness of resection was always
determined at the time of surgery by an epilepsy
team that included neurologists, neuroradiologists,
and neurosurgeons. We defined complete resection as
the entire removal of the MRI abnormality (if present)
and the cortical region exhibiting prominent ictal and
interictal iEEG abnormalities (Jayakar et al., 1994; Krsek
et al., 2009; Paolicchi et al., 2000). As SPECT findings
were never considered when the MRI and iEEG were
assessed, both zones (MRI and iEEG) were analysed as
independent variables.

Following the comparison of completeness of the
SPECT hyperperfusion zone and the MRI/iEEG-defined
epileptogenic region with the anatomical limits of the
excavation cavity, we identified four outcomes:

- The SPECT hyperperfusion zone and MRI/EEG-
defined epileptogenic region were both completely
removed;

- only the SPECT hyperperfusion zone was removed;
- only the MRI/iEEG-defined epileptogenic zone was
removed;

— and neither region was removed completely.

Surgical outcome

We routinely assess surgical outcomes two years after
the (last) surgery. Outcomes were determined via out-
patient visits and telephone contact, and classified
according to Engel’s classification scheme:

- () completely seizure-free, auras only or only
atypical early postoperative seizures;

— (I) =90% seizure reduction or nocturnal seizures
only;

— (1) >50% seizure reduction;

- (IV) <50% seizure reduction. For the purposes of
statistical evaluation, we classified patients as
either seizure-free (Engel class I) or non-seizure
free (Engel class 11, 111, IV).

Correlation of results and statistical analysis

Completeness of removal of the SPECT hyperperfu-
sion zone and MRI/iEEG epileptogenic region and
histological findings were related to post-surgical sei-
zure outcomes. We used the Pearson’s chi-square test
or (when possible) the Fisher exact test with two-tailed
p value for accepting or rejecting the null hypothe-
sis of independency of the above-mentioned nominal
variables. All statistical calculations were performed
using Statistica® software.
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Results

Characteristics of patients, SPECT findings,
surgery, and postsurgical outcome (table 1)

Thirteen ictal SPECT studies from 13 patients met all
inclusion criteria. Mean age at SPECT examination was
six months (range: one month and three weeks to 11
months and three weeks). Hyperperfusion zones were
always present. One SPECT study was considered well
localized, four were lobar, and eight were multilobar.
The injected seizure was evaluated as partial in nine
patients, and three SPECT examinations were perfor-
med during secondary generalized seizures, and one
during spasms. Data concerning length of injected
seizures and injection time were available only in a
proportion of studies.

MRI changes typical of FCD were apparent in 12
patients. One patient with normal MRI was diagnosed
histopathologically.

Mean age at last surgery was 17 months (range: 2-58
months). Ten patients underwent one-stage excisional
procedures guided by pre-excision electrocorticogra-
phy; long-term invasive monitoring utilizing implanted
subdural electrodes was performed in three subjects
(Patients 3, 5, and 13).

There were four subjects with FCD type | and nine
with FCD type Il according to the ILAE classification
(Blimcke et al., 2011).

Six patients were seizure-free (Engel class I) following
the last surgery and seven patients were non-seizure-
free (two patients with Engel class Ill and five patients
with Engel class IV).

Completeness of removal of SPECT
hyperperfusion zone and its relation
to surgical outcome (table 1)

All five patients with complete resection of the SPECT
hyperperfusion zone were seizure-free compared to
only one of seven patients with incomplete removal
(one patient with Engel class Il and five with Engel
class 1V; p=0.00843). One patient with an unresected
hyperperfusion zone had Engel class Ill outcome.

Completeness of removal of MRI/iEEG-defined
epileptogenic region and its relation
to surgical outcome (table 2)

For patients with complete removal of MRI/iEEG-
defined epileptogenic regions, five patients were
seizure-free and one was not seizure-free (Engel class
IV). For patients with an incomplete resection, only
one patientwas seizure-free, whereas six patients were
not seizure-free (two with Engel class 11l and four with
Engel class 1V; p=0.02914).

SPECT in infants with cortical dysplasia

Combined impact of SPECT findings and MRI/iEEG
localizations on surgical outcome (fable 2)

All four patients with complete removal of the epilep-
togenic region, defined both by SPECT and MRI/iEEG,
were seizure-free. When both regions were incomple-
tely removed, no patient was seizure-free; two patients
had Engel class Il outcome and four had Engel class IV
outcome (p=0.01179). One patient with only removal
of the SPECT hyperperfusion zone was seizure-free.
For patients with only MRI/iEEG-defined epileptogenic
regions, one was seizure-free and one was not seizure-
free (Engel class IV outcome).

Relation of histological type of FCD
to surgical outcome (fable 2)

Five of six seizure-free patients had FCD type I, but
there was no statistically significant difference in out-
come between FCD types | and Il using the Fisher exact
test.

Discussion

Ictal SPECT (and derived methods) has been repea-
tedly confirmed to be a highly effective localizing tool
for planning epilepsy surgery in patients with FCD
(O’Brien et al., 2000; Kaminska, 2003; McNally et al.,
2005; Kazemi et al., 2009; Krsek et al., 2013), but there is
no similar data in infants. The absence of data in this
age range is particularly unfortunate as FCD is a major
cause of pharmaco-resistant focal epilepsy in very early
life. Although our cohortis small, it represents the lar-
gest known series of infants with FCD undergoing ictal
SPECT before undergoing excisional epilepsy surgery.
Limitations of our study include the absence of sub-
traction of ictal and interictal SPECT findings and
co-registration to MRI (SISCOM technique), however,
our previous study, conducted on a larger population
of paediatric FCD patients, showed comparable results
of SISCOM to simple visual evaluation of SPECT fin-
dings (Krsek et al., 2013).

All five patients with complete removal of the SPECT
hyperperfusion zone became seizure-free, whereas
seven of eight patients with incomplete or non-
resected SPECT hyperperfusion zone experienced an
unfavourable outcome. These results support pre-
vious reports of ictal SPECT in older populations
(O’Brienetal., 1998; O’Brien et al., 2000; Kaminska, 2003;
Gupta et al., 2004; Krsek et al., 2013) and confirm that
ictal SPECT hyperperfusion is also a reliable predic-
tor of favourable post-surgical outcome in very young
candidates.

We obtained similarly favourable outcomes using MRI
and iEEG parameters to measure completeness; five of
six patients with complete resection based on these
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Table 2. Relation between seizure outcome, completeness of removal of SPECT hyperperfusion zone and
MRI/EEG-defined epileptogenic region, and histopathology.

Outcome

Non-seizure-free Seizure-free
Completeness of removal of SPECT hyperperfusion zone (p=0.00843)*
Complete (n=5) 0 5
Incomplete (n=7) 6 1
Non-resected (n=1) 1 0
Completeness of removal MRI/EEG-defined epileptogenic region (p=0.02914)**
Complete (n=6) 1 5
Incomplete (n=7) 6 1
SPECT vs MRI/EEG (p=0.01179)*
Resection of both regions complete (n=4) 0 4
Only SPECT hyperperfusion removed (n=1) 0 1
Only MRI/iEEG-defined epileptogenic region removed (n=2) 1 1
Removal of both regions incomplete (n=6) 6 0
Histological type of FCD (p=0.55944) **
FCD type | (n=4) 3 1
FCD type Il (n=9) 4 5

*Pearson’s chi-square test.
**Fisher exact test with two-tailed p value.

criteriawere rendered seizure-free. We reported simi-
lar results in our series of all paediatric FCD patients
operated on in the Miami Children’s Hospital; 83% of
patients undergoing complete resections, based on
combined MRI/iEEG criteria, achieved favourable post-
surgical seizure outcomes (Krsek et al., 2009).

These findings suggest that complete resection of the
epileptogenic region defined by either ictal SPECT or
MRI/iEEG are strong predictors of favourable postsur-
gical outcome, whereas incomplete resection of both
regions is associated with uniformly poor seizure out-
comes. These findings therefore extend the value of
theictal SPECT to infants with FCD and do not supporta
lower age cut-off for ictal SPECT in surgical candidates.
Scalp EEG findings in infants are often non-localized
or non-lateralized (Duchowny, 1987). Although similar
findings might also be hypothesized for ictal SPECT,
all infants in our study exhibited localized hyperper-
fusion. Similarly, seizure semiology in infancy differs
markedly from that in older children. Seizures in
early life are more frequent and have a more limited
repertoire of ictal manifestations, including features
indicating localized onset (such as auras) which are
often absent or unidentifiable (Acharya et al., 1997).
For example, Patient 11 underwent SPECT examination
during clinical spasms, and hyperperfusion was loca-
lized to the occipital lobe. Although we cannot assess
whether the hyperperfusion zone correctly localized
the epileptogenic zone in this patient as the hyperper-
fusion zone was not resected, this result is concordant

with previous studies of patients with spasms and West
syndrome, providing evidence of localizing neuro-
physiological abnormalities in the posterior quadrants
(Haginoya et al., 2001; Fuijii et al., 2013).

In summary, we found that despite age-related dif-
ferences in cerebral perfusion (i.e. increasing global
cerebral blood flow in young children, with an increa-
sing antero-posterior gradient in the first year of
life) (Chiron et al., 1996, 1992) and more extensive
epileptogenic zones in infants, ictal SPECT provides
localized findings concordant with the epileptogenic
zone. Several of our subjects with anterior quadrant
epileptogenic foci revealed robust hyperperfusion
in the appropriate region. Although ictal SPECT is
not a mandatory diagnostic test in most epilepsy
surgery protocols, it is nonetheless an important
adjunctive procedure for planning surgery in very
young surgical candidates. Ictal SPECT may reduce
the necessity for long-term intracranial EEG recor-
dings and potentially provide information leading to
more restricted resections. Despite the methodologi-
cal challenges associated with the ictal SPECT in infants
(such as the need for sedation), we believe that its
utility argues strongly in favour of its use in selected
patients. [J
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TEST YOURSELF

(1) Is the global and regional cerebral blood flow different between adults and children?
(2) What was the proportion of localized ictal SPECT findings in our study?
(3) Could ictal SPECT localize seizure onset in “generalized” seizure types, typical for infants?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.

390

Epileptic Disord, Vol. 18, No. 4, December 2016


http://www.ncbi.nlm.nih.gov/pubmed?term=Seizure symptomatology in infants with localization-related epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=The clinicopathologic spectrum of focal cortical dysplasias: a consensus classification proposed by an ad hoc Task Force of the ILAE Diagnostic Methods Commission
http://www.ncbi.nlm.nih.gov/pubmed?term=Regional cerebral blood flow during seizures in neonates
http://www.ncbi.nlm.nih.gov/pubmed?term=Advances in computer-assisted single-photon emission computed tomography (SPECT) for epilepsy surgery in children
http://www.ncbi.nlm.nih.gov/pubmed?term=Changes in regional cerebral blood flow during brain maturation in children and adolescents
http://www.ncbi.nlm.nih.gov/pubmed?term=Brain functional imaging SPECT in agyria-pachygyria
http://www.ncbi.nlm.nih.gov/pubmed?term=Complex partial seizures of infancy
http://www.ncbi.nlm.nih.gov/pubmed?term=A long-term, clinical study on symptomatic infantile spasms with focal features
http://www.ncbi.nlm.nih.gov/pubmed?term=Ictal SPECT in children with partial epilepsy due to focal cortical dysplasia
http://www.ncbi.nlm.nih.gov/pubmed?term=Mechanism of tonic spasms in West syndrome viewed from ictal SPECT findings
http://www.ncbi.nlm.nih.gov/pubmed?term=Subdural monitoring in the evaluation of children for epilepsy surgery
http://www.ncbi.nlm.nih.gov/pubmed?term=Ictal SPECT in children with epilepsy: comparison with intracranial EEG and relation to postsurgical outcome
http://www.ncbi.nlm.nih.gov/pubmed?term=Ictal SPECT statistical parametric mapping in temporal lobe epilepsy surgery
http://www.ncbi.nlm.nih.gov/pubmed?term=Epilepsy surgery in children with tuberous sclerosis complex: presurgical evaluation and outcome
http://www.ncbi.nlm.nih.gov/pubmed?term=Incomplete resection of focal cortical dysplasia is the main predictor of poor postsurgical outcome
http://www.ncbi.nlm.nih.gov/pubmed?term=Localizing value of ictal SPECT is comparable to MRI and EEG in children with focal cortical dysplasia
http://www.ncbi.nlm.nih.gov/pubmed?term=Predictive factors of ictal SPECT findings in paediatric patients with focal cortical dysplasia
http://www.ncbi.nlm.nih.gov/pubmed?term=Localizing value of ictal-interictal SPECT analyzed by SPM (ISAS)
http://www.ncbi.nlm.nih.gov/pubmed?term=Subtraction ictal SPET co-registered to MRI in partial epilepsy: description and technical validation of the method with phantom and patient studies
http://www.ncbi.nlm.nih.gov/pubmed?term=Subtraction peri-ictal SPECT is predictive of extratemporal epilepsy surgery outcome
http://www.ncbi.nlm.nih.gov/pubmed?term=Subtraction SPECT coregistered to MRI in focal malformations of cortical development: localization of the epileptogenic zone in epilepsy surgery candidates
http://www.ncbi.nlm.nih.gov/pubmed?term=Predictors of outcome in pediatric epilepsy surgery
http://www.ncbi.nlm.nih.gov/pubmed?term=Early single photon emission computed tomography in Sturge-Weber syndrome
http://www.ncbi.nlm.nih.gov/pubmed?term=Unique discrepancy between cerebral blood flow and glucose metabolism in hemimegalencephaly


<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /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 /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /ENN ()
  >>
  /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


