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Abstract

Objective

In the majority of patients with intractable epilepsy, seizures can be well
controlled with appropriate medication. However, current estimates indicate
that some of patients with epilepsy are refractory to all forms of medical
therapy. The surgical treatment of intractable epilepsy in children has evolved
with advances in technical innovations. These medically intractable patients
are candidates for surgical treatment in an attempt to achieve better seizure
control. The definitive successful outcome of epilepsy surgery is a seizure-free
state without significant neurological impairments.

In this article, we will outline the essential elements of presurgical evaluation and
describe a variety of therapeutic surgical options, and the related indications,
techniques, results and complications of each procedure.
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Introduction

There are many types of seizures and different forms of epilepsy. A seizure is
defined as a paroxysmal, self-limited change in behaviour associated with excessive
electrical discharge from the central nervous system. Refractory epilepsy is defined
as a condition of recurrent medically intractable seizures despite optimal treatment
under direction of an experienced neurologist, over a two to three year period.

In the majority of patients with epilepsy, seizures can be well controlled with
appropriate medication. However, current estimates indicate that 20-30% of patients
with epilepsy are refractory to all forms of medical therapy (1, 2, 3). These medically
intractable patients are candidates for surgical treatment to achieve better seizure
control. Another group of patients, who might also benefit, are those, who despite
relatively well controlled seizures may have certain characteristic presentations
of lesions that strongly indicate surgical intervention might be curative. Overall,
the single most important determinant of a successful surgical outcome is patient
selection (4, 5).

While many treatment options exist for adult patients with epilepsy, relatively fewer
are available for pediatric patients. In most cases, physicians prescribe pharmaceutical
therapy to alleviate or control seizures before embarking on the course of surgery as
a treatment, and surgery is performed only after patients have failed multiple trials
of antiepileptic drugs (AEDs) (2,6).

Some authors review cell transplantation as an alternative approach to the treatment
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of epilepsy. Recent work in animal models shows grafted
neuronal precursors that differentiate into inhibitory
interneuron can increase the level of local inhibition.
Grafts of these inhibitory neurons could help restore
equilibrium in temporal lobe epilepsy (7).

In this article, we will outline the essential elements of the
presurgical evaluation as well as the diagnostic surgical
procedures required for invasive EEG monitoring and then
describe the variety of therapeutic surgical options and the
related indications, techniques, results and complications
of each procedure.

Presurgical Evaluation
The goal of epilepsy surgery is to identify an abnormal
area of cortex from which the seizures originate and
remove it without causing any significant functional
impairment. Prior to surgery, the presurgical evaluation,
which involves the collaboration of neurologists,
electrophysiologists, neuropsychiatrists, neurosurgeons,
and nurses, is used to determine if a patient has seizures
that are appropriate for surgical management and, if so,
the type of surgery most likely to succeed (8,9).
The primary components of the presurgical evaluation
include a detailed clinical history and physical
examination, advanced neuro-imaging, video-EEG
monitoring, neuropsychological testing and assessment
of psychosocial functioning.
Major questions to be answered with this evaluation
are:
1) Are the seizures focal or generalized?
2) If focal, are they temporal or extratemporal in origin?
3) Is there a lesion associated with the seizures?
4) If surgery is undertaken what functional deficits, if
any, might be anticipated?
Itis also important to determine the age of onset, response
to medical treatment and family history of seizures. The
pregnancy and delivery history is helpful in assessing
congenital or earlier acquired abnormalities. Other past
medical history of significance would include a history
of febrile seizures, head injury or intracranial infection.
An assessment of the adequacy of medication trials must
also be made to ensure whether or not the patient is truly
refractory to medical therapy (10).

Neuro-imaging

Magnetic resonance imaging (MRI) has replaced CT
scanning as the imaging study of choice to evaluate
patients with epilepsy; MRI, an extremely sensitive tool,
can detect abnormalities of the brain with exceptional
anatomical detail (11, 12, 13).

This has been especially true for detecting focal atrophy
(e.g. hippocampal atrophy), indolent gliomas, cortical
dysplasias, cerebral gliosis and small structural lesions of
theneo cortex (14). Although lacking the spatial resolution
of MRI, PET and SPECT can play an important role in
the localization of abnormal cortex(Fig.1). Some epilepsy
centers use SPECT, interictal and ictal, to localize seizure
foci. PET is an interictal study that can be very useful in
localizing foci as well(Fig.2). Magnetoencephalography
(MEG), although not available in all institutions, can be
used to evaluate the patient with seizures. The goal of
evaluation is to pinpoint the source of the seizures to make
the most informed decision regarding treatment; each
of these evaluation tools, individually and collectively,
contributes to these critical decisions (15, 16).

In the Faraji et al study of clinically suspected temporal
lob epilepsy, MR imaging alone was not able to localize
temporal lobe foci correctly, whereas SPECT was very
helpful in localizing the lesions (under publication).

Fig.2:Seizure foci (white arrow) in PET
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Electroencephalographic (EEG) Investigation
EEG investigation remains the most important
component of the presurgical evaluation. Analysis of
unselected EEG activity between events (interictal)
or of specific activity during events (ictal) can
provide evidence of focal electrical dysfunction.
While certain interictal EEG abnormalities (spike
and slow wave complexes) can be of localizing
value, it is extremely important to record the EEG
with concommitant videotape during the spontaneous
occurrence of the patient’s events. Video/EEG
monitoring can continuously record the EEG over a 24
hour period which allows for careful inspection of the
record during any symptomatic event. Sophisticated
computer hardware and software also allows for
automatic detection of spontaneous interictal
epileptiform transients and electrographic seizures
that otherwise might have gone unrecognized (17). Itis
the early/primary EEG activity, at the very beginning
of the seizure prior to its spreading to adjacent areas,
which is most important in terms of localization; if a
specific cortical area is involved consistently at the
onset, then that area is likely to be the site of seizure
origin. Patients are often hospitalized with reduction
in anti-seizure medications and may be recorded for
up to 7-14 days in order to capture 3-5 of their habitual
seizures

Psychosocial Assessment

Psychosocial evaluation is also extremely important to
assess current level of functioning and to ensure realistic
goals and attitudes in both the patient and their family
before surgery (18, 19).

Therapeutic Surgical Options

The primary objective of most epilepsy surgical
procedures is to accurately localize and then completely
excise the epileptogenic region without causing cognitive
or neurologic deficit. An important determinant of the risk
of surgery is the relationship of the lesion to functionally
important or “eloquent” brain regions, because injury to
these areas can cause irreversible neurologic impairment.
The location of many functionally important areas can
be approximated using anatomic landmarks; however
individual variations occur and the presence of local
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pathology can distort landmarks making localization
imprecise (11, 14).

Regions responsible for seizure onset must be
distinguished from regions of critical cortical function and
avariety of strategies have therefore been employed both
pre- and intra-operatively to optimize surgical resection
while minimizing risk of injury to the functional cortex.
After the resection strategy has been decided upon, tissue
removal is carried out using subpial resection techniques.
Cortical gray and white matter is carefully removed by
suction or cavitron so that the pia remains intact over the
adjacent gyri; this tends to form a nonscarring barrier
and preserves blood supply to the remaining cortex as
well. Following removal, some centers carry out post-
resection cortical EEG recordings and may carry out
further removal if considerable epileptic activity remains
at the resection margins (20).

Types of Surgical Approaches

1. Resective Surgery: Lesionectomy, Temporal
lobe resections, Extra-temporal resections,
Hemispherectomy.

2. Radiosurgery: Mesial Temporal lobe Epilepsy.

3. Disconnection Surgery: Corpus Callosotomy, Multiple
Subpial Transections, Stereotactic ablations.

4. Neuroaugmentative Surgery: Vagus nerve stimulation,
Deep brain Stimulation, Cerebellar stimulation.

5. Diagnostic Surgery: Depth Electrodes, Subdural Strip
Electrodes.

Lesionectomy

Lesions such as cavernous angiomas, low grade
astrocytomas, cortical dysplasias and areas of focal
atrophy, identified clearly as the cause of seizures can
be removed by lesionectomy. In general, if these are
located in extratemporal sites, removal of the lesion and
a small rim of surrounding cortex is often successful in
controlling seizures (21,22).

Temporal Resections

The majority of temporal lobectomies, whether in
the dominant or nondominant hemisphere, can now
be safely performed under general anesthesia with or
without electrocorticography(Fig3). In the dominant
hemisphere, temporal lobe removals usually extend
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back 4.5-5 cm behind the temporal tip or to the level
of the central sulcus. In the non-dominant hemisphere,
temporal lobectomies can extend beyond 7 or 8 cm but
will result in a contralateral superior quadrantanopsia
because of encroachment upon the optic radiation. It
is important that the mesial temporal structures are
included in the removal because most neurosurgeons
believe that the hippocampus is intimately involved in
seizure propagation or amplification (15).

Since almost 80% of temporal lobe seizures originate
in the mesial structures, several operative approaches
have been designed to reduce the amount of temporal
neocortex removal while still resecting the amygdala
and hippocampus. The so-called antero-medial temporal
lobectomy with amygdalo-hippocampectomy is a
modification of the classical temporal lobectomy by
reducing the amount of cortical removal and extending
the hippocampal resection (23). Memory impairment,
which sometimes occurs with unilateral temporal
removals in rare cases, is a complication that can be
avoided by preoperative testing of speech and memory
function during the intracarotid amytal test. [f memory is
affected by amytal injection ipsilaterally to the proposed
side of the temporal removal, the temporal excision may
be designed so as to spare the hippocampus and medial
structures; however this approach may reduce operative
success rates.

Fig.3: MRI after Temporal lobectomy

Extra-temporal Resections

Locating a seizure focus in non-temporal lobe structures,
one of the more challenging tasks for the clinical
neurophysiologist is particularly difficult when the
seizures are suspected to arise from the frontal lobe.
Extra-temporal resections including the frontoparietal
and occipital regions can give excellent results.
Patients with epileptic discharge limited to the lobe of
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resection, obviously tend to do better than those with
more widespread discharges. In addition, some patients
have more wide spread epileptogenic zones that require
multilobar resections. In the largest cumulative series
64% of patients improved, with 36% being seizure free
(24). With advances in neuro-imaging and other aspects
of the presurgical evaluation, it is hoped that surgical
success rates improve in the future.

Hemispherectomy

The procedure is typically used in patients with severe
unilateral motor seizures who already have a hemiparesis
and a nonfunctional hand. Patients with Rasmussen’s
encephalitis and Sturge-Weber syndrome are frequently
candidates for this type of surgery. In addition, patients
with hemimegalencephaly and other disorders of cerebral
dysgenesis, cerebral infarctions, and trauma may also
benefit from hemispherectomy(Fig.4)(25).

Functional hemispherectomy or any of its variants, is one
of the most successful surgical procedures for epilepsy
with over 85% markedly improved and about 60%
seizure free rates among patients (26,27). Many patients
also demonstrate behavioral improvement probably
on the basis of a better attention span and cognitive
functioning (28,29).

Fig.4: CT after hemispherectomy

Corpus Callosotomy

In some patients, despite extensive evaluations, a
focus cannot be identified, while in others, presurgical
evaluation will detect more than one focus. These
patients may benefit from a corpus callosotomy. In this
procedure, epileptic tissue is not removed but the spread
of the seizures is altered by cutting the nerve bridge, or
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corpus callosum, that connects the right and left sides of
the brain(Fig.5). The procedure is now primarily used for
children who have” drop “attacks (30,31). The current
practiceisto section the anterior 2/3 of the corpus callosum
in the first procedure; the posterior 1/3 may be sectioned
during a second procedure, if the results of anterior
section are not satisfactory. Transient abulia is common
following anterior callosotomy but other disconnection
effects are fortunately mild and uncommon. In patients
with complete callosotomy, disconnection symptoms
are more frequent. There is often some difficulty in
bimanual tasks and apraxia for commands directed to
the nondominant extremity. Visual presentation to the
hemifield opposite to the dominant hemisphere cannot
be comprehended or described by language modalities
and there is often significant difficulty in writing with a
nondominant hand. Fortunately, most of these functional
deficits are not noticeable in normal daily life and are
balanced by the improved seizure control (32,33).

Fig.5: MRI after Corpus Callosotomy

Multiple Subpial Transections

This technique leaves the vertical columnar arrangement
of the cortex intact thereby preserving function but
prevents spreading of the seizure discharge in the
horizontal plane to reduce seizures. Some neurological
deficits appear postoperatively but these generally resolve
over several weeks with satisfactory improvement in
seizure control in 70 % of patients (34,35,36).

Stereotactic Ablations

Stereotactic radiofrequency ablation of deep cerebral
structures has been carried out for a variety of
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generalized and focal forms of epilepsy in the past.
Bilateral cingulotomies, amygdalotomies, lesions in the
fields of Forel and thalamic lesions have all been tried
(Fig.6)(37).

Fig.6: Frame of Stereotacy

Deep Brain Stimulation (DBS)

Inthe past, brain stimulation in the anterior, centromedian,
and ventralis intermedus thalamic nuclei and the caudate
nucleus has been attempted for the modulation of
cortical excitability(Fig.7)(38). Electrical stimulation
of the hippocampus has also been tried in an attempt to
block temporal lobe seizures (39). In an initial report of
patients with DBS in the subthalamic nucleus, daytime
seizures were reduced by more than 80% (40).

Fig.7:Bilateral Deep Brain Stimulation

Cerebellar Stimulation

Cerebellar stimulation has a theoretical basis from
animal studies in which lesion induced cortical discharges
were reduced or inhibited by cerebellar electrical
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stimulation. Initial reports of clinical success could not
be reproduced. Reports followed by tissue damage from
the cerebellar stimulator and a large number of cases with
late failures(41). Improvement in the technical quality
of electrodes and stimulating devices, has led to some
renewed interest in this technique but it is not currently
a recommended treatment and no definitive evidence
supporting its use in controlling epilepsy is available.
Cerebellar electrical stimulation has been used to treat
generalized focal and myoclonic seizures as well as for
spasticity of cerebral palsy (42).

Vagus nerve stimulation

Of a number of patients with both focal and generalized
intractable seizures, that underwent implantation of
a nerve stimulator around the left vagus nerve(Fig.8)
less than half experienced a 50% reduction in seizure
frequency and only the rare patient became seizure free
(43).

Fig.8:Vagus nerve stimulation Device

Radiosurgery

There are a few reports of gamma knife radiosurgical
treatment of patients with intractable mesial temporal
lobe epilepsy. A dose of 20 to 25 Gy at 50% isodose
line was employed with a target volume of 6500 to 7500
mm(Fig.9).The median interval to seizure cessation was
10.5 months and minimal side effects reported, included
headache, nausea, and vomiting, which resolved with
steroids (44).

12

Gamim Kiife RiIdiosungsry

Fig.9:Gamma knife radiosurgery

In conclusion, the definitive successful outcome
of epilepsy surgery is a seizure-free state without
significant neurological impairments. Once a patient has
failed to respond to two AEDs, evaluation for surgical
intervention should be considered. The success or failure
of the surgical treatment of epilepsy depends in large
part on the proper selection and investigation of patients
in the course of treatment. Recent advances in imaging
and long term EEG monitoring have facilitated greater
accuracy in the localization of the seizure focus, with
overall better surgical results than before.

References
1. Kwan P, Brodie MJ. Early identification of refractory
epilepsy. N Engl ] Med 2000;342:314-319.

2.Faraji M., Ashrafzadeh F. Epilepsy and brain tumors. Mashad
University of Medical Sciences Journal 2004:83:51-56.

3. Farrell K, Wirrell E, Whiting S. The definition and
prediction of intractable epilepsy in children. Adv Neurol
2006;97:435- 442.

4. Jayakar P, Dunoyer C, Dean P, Ragheb J, Resnick T,
Morrison G, et al. Epilepsy surgery in patients with normal
or nonfocal MRI scans: integrative strategies offer long-
term seizure relief. Epilepsia 2008;49:758-764.

5. Mostagimi P, Ghofrani M, Ashrafzadeh F. Efficacy of
ketogenic diet on intractable epilepsy in Children. Journal
of Medical Council of Islamic Republic of Iran 2000; 4:
288-294.

Iran J Child Neurology June 2009



EPILEPSY SURGERY IN CHILDREN

6. Ashrafzadeh F, Rakhshandeh H, Mahmodi E. Efficacy
of Roza Damacena Oil on Intractable Epilepsy, Iranian
Journal of Child Neurology 2007;1 :13-18.

7. Mark Richardson R, Nicholas M. Developing Cell
Transplantation for Temporal Lobe Epilepsy, Neurosurg
Focus 2008; 24(3):E17.

8. Cendes F, Li LM, Watson C. Is ictal recording mandatory
in temporal lobe epilepsy? Not when the interictal
electroencephalogram and hippocampal atrophy coincide.
Arch Neurol 2000;57:497-500.

9. Cristina G, Carter O. Pharmacologically intractable epilepsy
in children: Diagnosis and preoperative evaluation,
Neurosurg Focus 2008;25(3):E2.

10. Whiting S, Farrell K, Wirrell E. Diseases and syndromes
associated with intractable epilepsy. Adv ~ Neurol
2006;97:443-462.

11. Wyler AR, Ojemann G A, Lettich E, Ward A A. Subdural
strip electrodes for localizing epileptogenic foci. J.
Neurosurg 1984;60:1195-1200.

12. Anderson DP, Harvey AS, Saling MM, Anderson V, Kean
M, Abbott DF, et al. fMRI lateralization of expressive
language in children with cerebral lesions. Epilepsia
2006;47:998-1008.

13. Faraji M, Faraji rad E. Brain abscess in children,
Experience in Mashad University Medical Sciences. J
Hainan Medical College 2009;15(1): 37-40.

14. Ashrafzadeh F, Faraji M. Intractable seizure in a Case
with Parry-Romberg Syndrome. 1JP 2006;16:83-89.

15. Cohen-Gadol AA, Britton JW, Collignon FP. Nonlesional
central lobule seizures: use of awake cortical mapping and

subdural grid monitoring for resection of seizure focus. J
Neurosurg 2003;98(6):1255-62.

16. Cosgrove GR, Buchbinder BR, Jiang H. Functional
magnetic resonance imaging for intracranial navigation
in Neurosurgical Clinics of North America. Maciunas R
(ed).Philadelphia:WB Saunders;1995.

17. McIntosh AM, Wilson SJ, Berkovic SF. Seizure outcome
after temporal lobectomy: current research practice and
findings. Epilepsia 2001;42:1288-1307.

18. Fenwick PB, Blumer D, Caplan R. Presurgical psychiatric
assessment. In Engel Jr (ed):Surgical Treatment of the
Epilepsies.2™ ed.New York:Raven press;1993.P.273-90.

Iran J Child Neurology June 2009

19. McLellan A, Davies S, Heyman I, Harding B, Harkness
W, Taylor DC, et al. Psychopathology in children with
epilepsy before and after temporal lobe resection. Dev
Med Child Neurology 2005;47:666-72.

20. Wirrell E, Whiting S, Farrell K. Management of
intractable epilepsy in infancy and childhood. Adv Neurol
2006;97:463-491.

21. Prats AR, Morrison G, Wolf AL. Focal cortical resection
for the treatment of extratemporal epilepsy in children.
Neurosurgery clin 1995;6:533-540.

22. Hamiwka L, Jayakar P, Resnick T, Morrison G,
Ragheb J, Dean P, et al. Surgery for epilepsy due to
cortical malformations: ten-year follow-up. Epilepsia
2005;46:556-60.

23. Glessner U, Helmstaedter C,Schram J. Memory outcome
after selective amygdalo-hippocampectomy:A study
in 140 patients with temporal lobe epilepsy. Epilepsia
2002;43:87-95.

24. RasmussenT. Surgery of frontal lobe epilepsy. In
Neurosurgical management of the epilepsies. Adv in
Neurol 1975;8:197-205.

25. Martha K. Hemispherectomy Can improve quality of life
in adults with intractable seizures. Ann Neurol 2007;
61:372-376.

26. Rasmussen T. Hemispherectomy for seizures revisited.
Can J Neurol Sci 1983;10:71-78.

27. Cats EA, Kho KH, Van Nieuwenhuizen O, Van Veelen
CW, Gosselaar PH, Van PC, et al. Seizure freedom
after functional hemispherectomy and a possible role for
the insular cortex: the Dutch experience. J Neurosurg
2007;107(4 Suppl):275-280.

28. Devlin AM, Cross JH, Harkness W, Chong WK,
Harding B, Vargha-Khadem F, et al: Clinical outcomes
of hemispherectomy for epilepsy in childhood and
adolescence. Brain 2003;126:556-566.

29. Binder DK, Schramm J. Transsylvian functional
hemispherectomy. Childs Nerv Syst 2006;22:960-966.

30. Villmore JC,Vernet O, Delalande O. Hemispheric
disconnection: Callosotomy and hemispherotomy. ADV
Tech Stand Neurosurgery 2000; 26:25-78.

31. Delalande O, Bulteau C, Dellatolas G, Fohlen M, Jalin
C, Buret V, et al. Vertical parasagittal hemispherotomy:

13



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

14

EPILEPSY SURGERY IN CHILDREN

surgical procedures and clinical long-term outcomes in
a population of 83 children. Neurosurgery 2007; 60 (2
Suppl):ONS19-ONS32.

Sorenson JM, Wheless jw, Baumgartner JE. Corpus
callosotomy for medically intractable seizure. Pediatr
Neurosurgery 1997;27:260-267.

Villemure JG, Daniel RT. Peri-insular hemispherotomy in
paediatric epilepsy. Childs Nerv Syst 2006;22:967-981.

Morrel F, Whisler WW, Bleck TP. Multiple subpial
transections: a new approach to the surgical treatment of
epilepsy. J Neurosurg 1989;70:231-239.

Pacia SV, Devinsky O, Perrine K. Multiple subpial
transections for intractable partial seizures: Seizure
outcome. J Epilepsy 1997;10:86-91.

Benifla M, Otsubo H, Ochi A, Snead OC III, Rutka JT.
Multiple subpial transections in pediatric epilepsy:
indications and outcomes. Childs Nerv Syst 2006;22:992—
998.

Parret AG. Stereotactic radiofrequency ablation for the
treatment of gelastic seizures associated with hypothalamic
hamartoma: Case report. J Neurosurgery 1999;91:881-
884.

Dunoyer C, Ragheb J, Resnick T. The use of stereotactic
radiosurgery to treat intractable childhood partial epilepsy.
Epilepsia 2002;43:292-300.

Velasco M, Velasco F, Velasco AL. Sub acute electrical
stimulation of the hippocampus blocks intractable

temporal lobe seizures and paroxysmal EEG activities.
Epilepsia 2000;41:158-169.

Benabid AL, Minotti L, Koudsie A. Antiepileptic effect
of high-frequency stimulation of the subthalamic nucleus
(corpus luysi) in a case of medically intractable epilepsy
caused by focal dysplasia: A30 month follow-up: Technical
case report. Neurosurgery 2002;50:1385-1392.

Cooper LS, Amin I, Riklan M, Waltz J.M, Poor T.P.
Chronic cerebellar stimulation in epilepsy. Arch Neurol
1976;33:559-70.

Vossler DG, Kraemer DL, Haltiner AM. Intracranial
EEG in temporal lobe epilepsy: location of seizure onset
relates to degree of hippocampal pathology. Epilepsia.
2004;45(5):497-503.

43. Schachter SC, Whless JW. The evolving place of vagus

nerve stimulation therapy. Neurology 2002;59:S1-S2.

44. Regis J, Bartonomei F, Ray M. Gamma knife surgery

for mesial temporal lobe epilepsy. J Neurosurgery
2000;93:141-146.

Iran J Child Neurology June 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 true
  /TransferFunctionInfo /Apply
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




