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Abstract

Skilled management of sick premature babies and very young children has resulted in numerous
exposures of their brains to a variety of anesthetic agents designed to achieve the substantial depth of
neuronal inhibition required for complete loss of consciousness and insensitivity to pain.
Unfortunately, our recent animal findings suggest that commonly used general anesthetics are
damaging to developing neurons and cause significant neuronal deletion in vulnerable brain regions. In
addition, emerging animal and human data suggest an association between early exposure to general
anesthesia and long-term impairment of cognitive development. Consequently, the prudence of
frequent anesthesia exposure of this population is now being scrutinized. It is important to note that
on the basis of currently available information, there are still considerable differences of opinion
regarding the clinical relevance of the animal findings. Since there is insufficient evidence establishing a
clear association between animal and human findings, it would be premature to suggest major changes
in current clinical practice.

Introduction and context
The exposure of very young children to general anesthe-
sia is becoming a common occurrence. The frequency of
operating suite visits has increased, as have the lengths of
stay in intensive care units, resulting in the annual
administration of more than 3 million general anes-
thetics to the pediatric patient population [1].

These practices generally have been considered to be safe
since there were no reports indicating otherwise. Now our
work and that of others have shown that clinically used
general anesthetics are potentially damaging to the
developing mammalian brain. When used at the peak of
brain growth, which coincides with synaptogenesis, they
cause widespread neurodegeneration in vulnerable brain
regions in mammalian species [2-7]. It appears that
anesthesia-induced neuronal damage is apoptotic and
involves several pathways of caspase activation, ultimately
resulting in massive DNA fragmentation [2,7-9]. Both the
intrinsic, or mitochondria-dependent apoptotic pathway

and the extrinsic, death receptor-dependent pathway get
activated by general anesthesia [7,8]. In addition, general
anesthesia was shown to cause disturbances in the
homeostasis of the neurotrophic factors (brain-derived
neurotrophic factor, in particular) [9]. Thus, it appears that
general anesthesia causes highly complex disturbances in
neuronal signaling and communication at an early stage
of neuronal development and that the timing of
anesthesia exposure during brain development is crucial
in determining the severity of anesthesia-induced neuro-
toxicity; that is, the immature brain is most sensitive at the
peak of its development [4,7].

Recent advances
Although there is no doubt that general anesthesia causes
significant patho-histological damage to the developing
animal brain, the crucial question of whether the
exposure to general anesthesia has any lasting functional
effects in humans and animals was posed. Extensive
behavioral studies of rats and mice indicate that
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exposure to general anesthesia at the peak of synapto-
genesis does indeed cause learning and memory
deficiencies, alters spontaneous behavior, and causes a
lack of habituation later in life [2,10,11]. Interestingly,
the gap in learning abilities between control and
anesthesia-treated animals progressively widens during
adulthood [2].

These preclinical studies, which clearly implicate anes-
thetic agents in a variety of behavioral disturbances
indicative of impaired neurocognitive development,
provided the major impetus for methodical investiga-
tions into the possibility of anesthesia-induced neuro-
toxicity in very young children. Although such
investigations are still at an early stage, the clinical
evidence that has emerged over the last couple of years
has begun to point to potentially detrimental effects of
anesthetic agents per se on behavioral development.
These retrospective human studies challenge the assump-
tion that the emotional shocks of hospitalization and
separation from family and the physical trauma of
surgical intervention were the main factors in children’s
regressive behavioral changes known for years to occur
postoperatively. Because the postoperative psychological
disturbances observed in children under 2 years of age
are presumed to be due, in part, to separation from
family members, it has generally (and ironically) been
thought that it is best to perform surgical procedures
immediately after infants are born, before bonding with
family members has occurred and before the infants have
become emotionally attached to the outside human
world. Unfortunately, this is the time when the brain
is perhaps most vulnerable to anesthesia-induced
neurotoxicity.

Several early studies reported that, on average, the
incidence of surgery-associated psychological distur-
bances and new behavioral disturbances in children
ranged from 9% to 20% and suggested that children
under 2 years of age were at increased risk despite the
variety of different anesthetic agents that were used
[12-15]. The first report to suggest a possible relation-
ship between anesthesia and long-term impairment of
cognitive development was by Backman and Kopf [16].
Although the surgical procedure (removal of congeni-
tal nevocytic nevi) was minor, the authors reported
an increased incidence of cognitive impairments
compared with preoperative baseline which were
described as regressive behavioral changes lasting up
to 18 months after general anesthesia. Again, children
younger than 3 years were the most sensitive. A few
of the very recent studies seem to concur with these
earlier observations. For example, a population-based,
retrospective, birth cohort study (n = 5357 children) by

Wilder et al. [17] showed that although a single
exposure to general anesthesia was not associated
with a greater risk of learning disabilities than that
among a no-exposure group, children who received
two or more general anesthesias were at significantly
increased risk for learning disabilities. Moreover, that
risk increased with longer cumulative duration of
anesthesia exposure. In support of the finding that
duration of anesthesia is potentially an important
consideration is a more recent study from this group of
investigators which shows that brief exposure to
general anesthesia at the time of cesarean birth had
no effect on cognitive development later in life [18].
Interestingly, the risks of learning deficits in children
delivered with cesarean section under general anesthe-
sia were higher compared with cesarean deliveries
under regional anesthesia.

In a large-population study, DiMaggio et al. [19] focused
on assessing learning disabilities in 93,317 patients.
Again, it was found that children who had received
anesthesia before the age of 3 years required greater use
of Medicaid services to deal with learning deficits than
did children who had not been exposed to anesthesia.
Kalkman et al. [20], in The Netherlands, looked at a
smaller population of patients who had been exposed to
anesthesia very early in life and found a higher incidence
of learning deficits during school years.

Several studies of premature infants have suggested
that behavioral disabilities later in life are more
prevalent among those who were exposed to surgery
and general anesthesia during the neonatal period than
among premature infants who were treated medically.
For example, surgically treated premature infants with
patent ductus arteriosus [21] or necrotizing enteroco-
litis [22] had worse neurological outcomes than did
premature infants who were treated medically.
Although a possible causal link between early exposure
to general anesthesia and neurocognitive deficits could
be suggested on the basis of these studies, a measure of
caution is advisable since the effects of surgery cannot
be clearly separated from the effects of anesthesia.
Also, there is the fact that congenital abnormalities
requiring surgical intervention were associated with
significant comorbidities, which could have contrib-
uted to the observed behavioral deficits. In support of
this notion is a recently published retrospective clinical
study that examines the possible causal relationship
between anesthesia administration and cognitive
impairments in monozygotic twins exposed to
anesthesia either before the age of 3 years or from
3 to 12 years of age [23]. Results have shown that
twins who were exposed to anesthesia before the age
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of 3 had significantly lower educational achievement
scores and significantly more cognitive problems than
twins not exposed to anesthesia. Interestingly, though,
the exposed twin did not differ from the non-exposed
twin, suggesting that the underlying genetic vulner-
ability of the individual to learning disability is likely
correlated with the reason for the surgery for which
anesthesia was administered. The authors conclude
that early exposure to anesthesia is a marker of an
individual’s vulnerability for later learning problems,
regardless of their exposure to anesthesia.

Implications for clinical practice
Although, to date, some clinical studies suggest that the
exposure of young children to surgery and general
anesthetics may cause significant neurocognitive deficits
and a variety of behavioral sequelae, those studies were
done retrospectively [12-25] and therefore could not
control for the many variables that come into play during
the perioperative period. However, the complex issues
associated with the design of randomized double-
blinded prospective clinical studies of very young
patients cannot be underestimated. These issues include,
but are not limited to, ethical considerations; the lack of
biomarkers of apoptosis that can safely be used in a
living organism; the complexity and meaningfulness of
various clinical outcomes, especially neurocognitive
ones; and the lack of appropriate controls.

Although it is too early to tell what implications these
findings may have on pediatric anesthesia practice, it is
of paramount importance to relentlessly pursue a better
grasp of poor neurocognitive outcomes that could be
anesthesia-induced. Even though the majority of clini-
cally used general anesthetics have been shown to induce
developmental neurodegeneration, it appears that the
timing and duration of anesthesia exposure play
important roles, thus suggesting that age, rather than
the choice of anesthesia, may be the main risk factor in
anesthesia-induced developmental sequalae.

Since the use of anesthetics in obstetric and pediatric
anesthesia is a necessity that cannot be avoided when
pregnant mothers and newborn infants present with life-
threatening conditions requiring surgery or a prolonged
sedation in the intensive care unit (or both), it is
imperative that we improve our understanding of the
mechanisms that underlie the neurotoxicity of anesthetic
agents. Though still in a very early stage, we are well on
the way to developing ways of preventing anesthesia-
induced developmental neurotoxicity so that existing
anesthetics can be used to their full advantage for
therapeutic benefits without the risk of neurotoxic side
effects.

Competing interests
The author declares that she has no competing interests.

Acknowledgments
This work was supported by National Institutes of Health
grant R01 HD-044517 (Eunice Kennedy Shriver National
Institute of Child Health and Human Development, or
NICHD), grant R03 TW-007423 (Fogarty International
Center), American Recovery and Reinvestment Act
Stimulus Fund grant R01 HD-044517-05S1 (NICHD),
and the Harold Carron Endowment. VJ-T is the estab-
lished investigator of the American Heart Association.

References
1. Sun LS, Li G, Dimaggio C, Byrne M, Rauh V, Brooks-Gunn J,

Kakavouli A, Wood A; Coinvestigators of the Pediatric Anesthesia
Neurodevelopment Assessment (PANDA) Research Network:
Anesthesia and neurodevelopment in children: time for an
answer? Anesthesiology 2008, 109:757-61.

2. Jevtovic-Todorovic V, Hartman RE, Izumi Y, Benshoff ND,
Dikranian K, Zorumski CF, Olney JW, Wozniak DF: Early exposure
to common anesthetic agents causes widespread neurode-
generation in the developing rat brain and persistent learning
deficits. J Neurosci 2003, 23:876-82.

F1000 Factor 6.0 Must Read
Evaluated by Sally Temple 13 Feb 2003

3. Young C, Jevtovic-Todorovic V, Qin YQ, Tenkova T, Wang H,
Labruyere J, Olney JW: Potential of ketamine and midazolam,
individually or in combination, to induce apoptotic neurode-
generation in the infant mouse brain. Brit J Pharmacol 2005,
146:189-97.

4. Rizzi S, Carter LB, Ori C, Jevtovic-Todorovic V: Clinical anesthesia
causes permanent damage to the fetal guinea pig brain. Brain
Pathol 2008, 18:198-210.

F1000 Factor 6.0 Must Read
Evaluated by Misha Perouansky 14 Mar 2008

5. Rizzi S, Ori C, Jevtovic-Todorovic V: Timing versus duration:
determinants of anesthesia-induced developmental apoptosis
in the young mammalian brain. Ann N Y Acad Sci 2010, 1199:43-
51.

6. Slikker W Jr, Zou X, Hotchkiss CE, Divine RL, Sadovova N,
Twaddle NC, Doerge DR, Scallet AC, Patterson TA, Hanig JP,
Paule MG, Wang C: Ketamine-induced neuronal cell death in
the perinatal rhesus monkey. Toxicol Sci 2007, 98:145-58.

F1000 Factor 9.0 Exceptional
Evaluated by Sulpicio Soriano 19 Jun 2007

7. Yon J-H, Daniel-Johnson J, Carter LB, Jevtovic-Todorovic V:
Anesthesia induces neuronal cell death in the developing
rat brain via the intrinsic and extrinsic apoptotic pathways.
Neuroscience 2005, 135:815-27.

8. Yon J-H, Carter LB, Reiter RJ, Jevtovic-Todorovic V: Melatonin
reduces the severity of anesthesia-induced apoptotic neuro-
degeneration in the developing rat brain. Neurobiol Dis 2006,
2:522-30.

9. Lu LX, Yon J-H, Carter LB, Jevtovic-Todorovic V: General
anesthesia activates BDNF-dependent neuroapoptosis in
the developing rat brain. Apoptosis 2006, 11:1603-15.

10. Fredriksson A, Archer T, Alm H, Gordh T, Eriksson P: Neurofunc-
tional deficits and potentiated apoptosis by neonatal NMDA
antagonist administration. Behav Brain Res 2004, 153:367-76.

11. Fredriksson A, Pontén E, Gordh T, Eriksson P: Neonatal exposure
to a combination of N-methyl-D-aspartate and gamma-
aminobutyric acid type A receptor anesthetic agents

Page 3 of 4
(page number not for citation purposes)

F1000 Medicine Reports 2010, 2:68 http://f1000.com/reports/medicine/content/2/68

http://www.f1000biology.com/article/id/1011968
http://www.f1000medicine.com/article/id/1103388
http://www.f1000medicine.com/article/id/1087834


potentiates apoptotic neurodegeneration and persistent
behavioral deficits. Anesthesiology 2007, 107:427-36.

12. Jackson K: Psychiological preparation as a method of reducing
emotional trauma of anesthesia in children. Anesthesiology 1951,
12:293-300.

13. Eckenhoff JE: Relationship of anesthesia to postoperative
personality changes in children. AMA Am J Dis Child 1953,
86:587-91.

14. Standley K, Soule AB, Copans SA, Klein RP: Multidimensional
sources of infant temperament. Genet Psychol Monogr 1978,
98:203-31.

15. Campbell IR, Scaife JM, Johnstone JM: Physiological effects of day-
case surgery compared with inpatient surgery. Arch Dis Child
1988, 63:415-7.

16. Backman ME, Kopf AW: Iatrogenic effects of general anesthesia
in children: considerations in treating large congenital
nevocytic nevi. J Dermatol Surg Oncol 1986, 12:363-7.

17. Wilder RT, Flick RP, Sprung J, Katusic SK, Barbaresi WJ, Mickelson C,
Gleich SJ, Schroeder DR, Weaver AL, Warner DO: Early exposure
to anesthesia and learning disabilities in a population-based
birth cohort. Anesthesiology 2009, 110:796-804.

Changes Clinical Practice
F1000 Factor 6.9 Must Read
Evaluated by Hugh Hemmings 08 Apr 2009, Zulfiqar Ahmed 09 Apr
2009, Vesna Jevtovic-Todorovic 27 Apr 2009, Philippa Newfield 22
May 2009, Brendan O’Hare 09 Dec 2009

18. Sprung J, Flick RP, Wilder RT, Katusic SK, Pike TL, Dingli M, Gleich SJ,
Schroeder DR, Barbaresi WJ, Hanson AC, Warner DO: Anesthesia
for cesarean delivery and learning disabilities in a population-
based birth cohort. Anesthesiology 2009, 111:302-10.

F1000 Factor 3.0 Recommended
Evaluated by Victor Baum 13 Aug 2009

19. DiMaggio C, Sun LS, Kakavouli A, Byrne MW, Li G: A retrospective
cohort study of the association of anesthesia and hernia

repair surgery with behavioral and developmental disorders
in young children. J Neurosurg Anesthesiol 2009, 21:286-91.

F1000 Factor 6.0 Must Read
Evaluated by Eric Heyer 26 Nov 2009

20. Kalkman CJ, Peelen L, Moons KG, Veenhuizen M, Bruens M,
Sinnema G, de Jong TP: Behavior and development in children
and age at the time of first anesthetic exposure. Anesthesiology
2009, 110:805-12.

F1000 Factor 6.0 Must Read
Evaluated by Vesna Jevtovic-Todorovic 15 Dec 2009

21. Chorne N, Leonard C, Piecuch R, Clyman RI: Patent ductus
arteriosus and its treatment as risk factors for neonatal and
neurodevelopmental morbidity. Pediatrics 2007, 119:1165-74.

22. Hack M, Taylor HG, Drotar D, Schluchter M, Cartar L, Wilson-
Costello D, Klein N, Friedman H, Mercuri-Minich N, Morrow M:
Poor predictive validity of the Bayley Scales of Infant
Development for cognitive function of extremely low birth
weight children at school age. Pediatrics 2005, 116:333-41.

23. Bartels M, Althoff RR, Boomsma DI: Anesthesia and cognitive
performance in children: no evidence for a causal relation-
ship. Twin Res Hum Genet 2009, 12:246-53.

F1000 Factor 6.4 Must Read
Evaluated by Vesna Jevtovic-Todorovic 31 Jul 2009, David Archer 02
Mar 2010

24. Hintz SR, Kendrick DE, Stoll BJ, Vohr BR, Fanaroff AA, Donovan EF,
Poole WK, Blakely ML, Wright L, Higgins R: NICHD Neonatal
Research Network. Neurodevelopmental and growth out-
comes of extremely low birth weight infants after necrotizing
enterocolitis. Pediatrics 2005, 115:696-703.

25. Rees CM, Pierro A, Eaton S: Neurodevelopmental outcomes of
neonates with medically and surgically treated necrotizing
enterocolitis. Arch Dis Child Fetal Neonatal Ed 2007, 92:F193-8.

Page 4 of 4
(page number not for citation purposes)

F1000 Medicine Reports 2010, 2:68 http://f1000.com/reports/medicine/content/2/68

http://www.f1000medicine.com/article/id/1158664
http://www.f1000medicine.com/article/id/1163936
www.f1000medicine.com/article/id/1168301
http://www.f1000medicine.com/article/id/1281973
http://www.f1000medicine.com/article/id/1162963

	Abstract
	Introduction and context
	Recent advances
	Implications for clinical practice
	Competing interests
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 true
  /GrayImageMinResolution 300
  /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 true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


