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Abstract

Purpose The purpose of this study was to investigate the
effect of ketamine on intubating conditions for tracheal
intubation during anesthesia induction with sevoflurane and
alfentanil in pediatric patients.

Methods After obtaining parental consents, 50 children,
aged 3-10 years, were randomly allocated into two groups
to receive either i.v. ketamine 0.5 mg/kg (ketamine group,
n = 25) or i.v. saline 5 ml (control saline group, n = 25).
One minute after injection of the study drug (ketamine or
saline), anesthesia was induced with 5% sevoflurane, fol-
lowed by injection of alfentanil 10 pg/kg 1 min later. The
trachea was intubated 4 min after inhalational induction of
anesthesia. Acceptable intubation was defined as excellent
or good intubating conditions. Mean arterial pressure
(MAP) and heart rate (HR) were recorded during the
induction period.

Results The percentage of patients with acceptable intu-
bating conditions was higher in the ketamine group (87%)
than in the control group (52%) (P = 0.0129). MAP before
intubation was significantly lower in the control group than
in the ketamine group (P = 0.001).
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Conclusion This study demonstrated that administration
of ketamine 0.5 mg/kg could improve intubating condi-
tions for tracheal intubation without neuromuscular
blockade and preserve hemodynamic stability during
sevoflurane inhalation induction with alfentanil in children.
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Introduction

Sevoflurane is frequently used for inhalation induction of
anesthesia and tracheal intubation in children without use
of neuromuscular blocking drugs [1]. Addition of an opioid
during sevoflurane inhalation induction has been shown to
provide good to excellent intubating conditions and allow
rapid tracheal intubation without neuromuscular blockade
[2, 3]. In addition, opioids decrease the target cerebral
concentration of sevoflurane needed to perform tracheal
intubation in children [4]. In a recent previous study, the
effective bolus dose of alfentanil for successful tracheal
intubation was 11.5 pg/kg in 50% of children during
inhalation induction using sevoflurane 5% and oxygen
100% without a neuromuscular blocking agent [5].
Although the higher dose of alfentanil could improve
conditions for tracheal intubation, it could cause a greater
decrease in mean arterial pressure, particularly before tra-
cheal intubation. Therefore, co-administration of different
sedatives might be clinically beneficial.

Ketamine has demonstrated synergy with volatile
anesthetics at the minimum alveolar concentration (MAC)
in animal studies [6, 7]. In addition, Topcuoglu et al. [8]
demonstrated that co-administration of ketamine was
shown to improve intubating conditions during propofol—
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rocuronium induction. They suggested that ketamine could
provide deep anesthesia and obtund airway reflexes
favoring intubating conditions. This property suggested to
us the hypothesis that the addition of ketamine to sevo-
flurane inhalation induction would improve intubating
conditions while reducing hemodynamic compromise
during sevoflurane induction. To date, there have been no
reports of the effect of ketamine on intubating conditions
for tracheal intubation during sevoflurane induction.
Therefore, the purpose of this study was to investigate the
effect of ketamine on intubating conditions and hemody-
namics for tracheal intubation without neuromuscular
blockade during anesthesia induction with sevoflurane and
alfentanil in pediatric patients.

Materials and methods

This study was approved by the institutional review board,
and written informed consent for the study was obtained
from the parents of all children enrolled in the study. Fifty-
five children, American Society of Anesthesiologists
physical status I or II, aged 3-10 years, who were under-
going general anesthesia for short elective surgery were
enrolled in this study. Children with a history of airway
disease, sleep apnea, developmental delay, psychological
disorders, or those who were crying on arrival in the
operating room were excluded. Three children were
excluded because of crying and two because of upper
respiratory tract infection. Using computer-generated ran-
dom numbers, a total of 50 patients were randomly allo-
cated into two groups to receive either i.v. normal saline
(control group, n = 25) or i.v. ketamine 0.5 mg/kg (keta-
mine group, n = 25). Patients, anesthesia providers, and
investigators who assessed the intubation conditions were
blinded to the treatment group, and an independent
researcher prepared the study solution consisting of a 5-ml
mixture of ketamine 0.5 mg/kg and normal saline in the
ketamine group and 5 ml normal saline in the control
group.

Before patients arrived in the operating room, a
24-gauge cannula was inserted in the dorsum of the hand,
and a dextrose/saline solution was infused. Once in the
operating room, all patients were monitored with electro-
cardiogram, pulse oximeter, and a noninvasive blood
pressure device. End-tidal concentration of CO, and
sevoflurane were measured continuously at the elbow of
the breathing circuit using a precalibrated gas monitor (at a
sampling flow rate of 250 ml/min). Glycopyrrolate
0.004 mg/kg was administered before induction of anes-
thesia. One minute after injection of the study drug (keta-
mine or saline), anesthesia was induced via a face mask
with a semiclosed anesthetic circuit primed with 5%
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Table 1 Assessment of intubation conditions

Variables Intubating conditions
Acceptable Unacceptable
Excellent Good Poor

Ease of laryngoscopy (jaw  Easy Fair Difficult

relaxation)

Vocal cord position Adducted Intermediate Closed

Vocal cord movement None Moving Closing
Airway reaction (coughing) None Diaphragm  Sustained
Movement of the limbs None Slight Vigorous

Excellent, all criteria are excellent; good, all criteria are either
excellent or good; poor, presence of a single criterion listed under
‘Poor’

sevoflurane in 100% oxygen for 2 min. The fresh gas flow
was set to 5 I/min. Initially, patients breathed spontane-
ously, and ventilation was manually assisted to maintain an
end-tidal CO, of 32-36 mmHg. One minute after induction
of anesthesia, alfentanil 10 pg/kg was injected over 15 s.
Four minutes after inhalational induction of anesthesia, the
trachea was intubated with a cuffed tracheal tube. Intuba-
tion conditions were evaluated according to a scoring
system described by Viby-Mogensen et al. [9] (Table 1).
Acceptable intubation was defined as excellent or good
intubating conditions. Any evidence of chest wall rigidity,
such as difficulty in ventilation, wheezing, change in
compliance, or any change in the slope of the end-tidal
CO, waveform was noted. Arterial desaturation was
defined as peripheral oxygen saturation (SpO,) less than
90%. The clinically significant hypotension and bradycar-
dia were defined as more than 30% decrease in the mean
arterial pressure (MAP) and heart rate (HR) compared to
baseline value at anesthetic induction, respectively. Rocu-
ronium 0.3 mg/kg was administered before the second
attempt in case of unacceptable intubating condition caused
by the patients’ strong movement, inadequate jaw relaxa-
tion, closed vocal cords, or sustained coughing. Laryngo-
spasm was treated with propofol 0.5 mg/kg. Arterial
desaturated patients were ventilated with 100% oxygen.
Clinically significant hypotension and bradycardia were
treated with atropine or ephedrine where appropriate. Mean
arterial pressure and heart rate were recorded on arrival in
the operating room (baseline, TO), after injection of the
study drug (T1) and alfentanil (T2), before intubation (T3),
and 1 and 3 min after intubation (T4 and T5).

Based on a previous study [5], we expected that the
success rate of tracheal intubation in the control group
would be 50% and that improvement in incidence would be
90% with a bolus dose of ketamine. This study was pow-
ered to detect such a reduction with type I error of 0.05
(two-tailed) and desired power of 0.9. Based on these
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Table 2 Patient characteristics

Table 3 Intubation conditions

Control (n = 25) Ketamine (n = 23)

Control (n = 25) Ketamine (n = 23)

Age (years) 73+ 19 6.6 2.3
Weight (kg) 26 £ 9 29 £ 10
Sex (M/F) 13/12 12/11
Induction profile
Intubation time (s) 26 £ 3 25+ 4
LOC time (s) 54 £ 11 39 £ 8%
Etsevo (vol%) 39 £+ 0.1 40+ 0.2
Induction episodes
Cough 2
Chest wall rigidity 1 0
Excitatory movement 10 1*

Values are expressed as mean £ SD or number of patients

LOC, loss of consciousness; Etsevo, end-tidal sevoflurane concen-
tration before intubation

* P < 0.05, versus control group

assumptions, 21 patients per group were required. We
assumed a dropout rate of 20% and increased the sample
size to 25 patients per group.

Values were expressed as mean £ SD or as number of
patients (%). Statistical analyses were performed using the
statistical package (SPSS 13.0 for Windows; SPSS, Chi-
cago, IL, USA). Distribution of data was determined using
Kolmogorov—Smirnov analysis. Differences between the
groups were evaluated using independent sample 7 test and
chi-square test where appropriate. Hemodynamic variables
were analyzed using repeated-measures analysis of vari-
ance (ANOVA) and then the Bonferroni correction. A
P value <0.05 was considered significant.

Results

A total of 48 patients were included in this study; 2 were
excluded from analysis because of i.v. occlusion and
unexpectedly difficult intubation resulting from subglottic
stenosis. There were no significant differences in patient
characteristics between the two groups. Mean end-tidal
sevoflurane concentration was similar at intubation
between the two groups. Excitatory movement during
induction was more frequent in the control group than in
the ketamine group (P = 0.0049) (Table 2).

The overall intubating condition was regarded as clini-
cally acceptable in 13 of 25 (52%) children in the control
group and in 20 of 23 (87%) in the ketamine group, and
there was a significant difference between the two groups
in regard to acceptable intubating conditions (P = 0.0129)
(Table 3). Excellent overall intubating conditions were
present in 6 of 25 (24%) children in the control group and

Acceptable
Total 13 20%
Excellent 6 9
Good 7 11
Unacceptable
Total 12 3
Succeeded 4
Failed 8
Cause of failure
Difficult laryngoscopy 4 0
Closed vocal cord 4 0
Airway reaction 4

Values are expressed as number of patients
* P < 0.05, versus control group

in 9 of 23 (39%) children in the ketamine group. Although
there were no failed intubations in the ketamine group,
tracheal intubation failed in 8 children in the control group.
Tracheal intubation failed in 4 of 8 children because of
difficult laryngoscopy and in 4 of 8 children as a result of
closed vocal cords.

MAP and HR during anesthesia induction are shown in
Table 4. At T2 and T3, MAP was significantly lower in the
control group than in the ketamine group (P = 0.001).
Compared with baseline values (T0), MAP decreased sig-
nificantly at T2 and T3 in the control group. HR was not
significantly different at all time points between the two
groups. Compared with baseline values, HR increased after
tracheal intubation (T4 and T5) in both groups, although
only the ketamine group showed statistical significance.
There were no episodes of bradycardia or hypotension
requiring treatment during the study. No patents suffered
from desaturation, truncal rigidity, or laryngospasm
throughout the study. One patient in the control group had
vomiting and one patient in the ketamine group had nausea
in the postanesthetic care unit. There was no difference in
the incidence of side effects between the groups.

Discussion

This study demonstrated that administration of ketamine
0.5 mg/kg could increase the percentage of overall
acceptable conditions for tracheal intubation without neu-
romuscular blockade during sevoflurane inhalation induc-
tion in children.

Tracheal intubation without neuromuscular blocking
drugs may be used in cases where tracheal intubation is
necessary but prolonged muscle relaxation is not, such as in
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Table 4 Mean arterial pressure (MAP) and heart rate (HR) during anesthesia induction

TO T1 T2 T3 T4 T5
MAP
Control 83.7+ 109 79.6 £ 8.5 66.7 + 7.9 59.7 + 5.6 79.5 £ 12.0 755179
Ketamine 81.8 £ 11.4 87.6 £ 9.9 76.2 £ 8.3*% 69.6 £ 10.3* 76.4 £ 14.3 76.6 £ 10.6
HR
Control 101.5 £ 145 98.8 £17.3 102.2 £ 21.0 101.2 £ 19.6 121.8 £ 23.8 120.2 £ 23.1
Ketamine 98.3 £ 179 103.0 £ 19.6 102.8 £ 17.3 104.2 + 19.7 116.3 & 18.6" 116.3 &+ 18.5"

Values are expressed as mean + SD

TO, baseline (before induction); T1, after test drug (ketamine or saline) injection; T2, after alfentanil injection; T3, before intubation; T4, 1 min

after intubation; T5, 3 min after intubation
* P < 0.05, versus control group
T P < 0.05, versus baseline values (T0) within the group

short surgical procedures. We enrolled patients undergoing
frenotomy, adenoidectomy, and tonsillectomy, in which
total anesthetic time was less than 60 min. One advantage
of the sevoflurane and alfentanil induction technique is that
spontaneous ventilation is maintained until alfentanil is
administrated. When difficult intubation is anticipated or
airway obstruction occurs, this technique is favored over
intravenous induction.

Several studies have reported on tracheal intubation
conditions during induction of sevoflurane inhalation with
variable opioid agents without neuromuscular blockade in
children [2, 4]. Min et al. [2] reported that the bolus dose of
remifentanil required for successful tracheal intubation was
0.56 £ 0.15 pg/kg in 50% of children during inhalation
induction using 5% sevoflurane in the absence of neuro-
muscular blocking drugs. In addition, the effective dose of
sufentanil required for excellent intubation conditions was
0.11 £ 0.07 pg/kg at end-tidal sevoflurane of 3.5% for
50% of children [4]. Considering the equipotent dose of
each opioid agent, their results were consistent with the
results of this study. In this study, incidence of acceptable
intubating conditions was 52% after 5% sevoflurane inha-
lation induction with alfentanil 10 pg/kg in children with-
out neuromuscular blockade.

Ketamine has direct relaxant effects on airway smooth
muscle [10]. It has been reported that intubation was suc-
cessful in 65.5% of injured patients in the field following
ketamine 2 mg/kg [11]. Therefore, we speculated that
addition of ketamine would improve intubation conditions
during sevoflurane and alfentanil induction. In this study,
ketamine significantly increased the percentage of accept-
able intubating conditions from 52% to 87%. In contrast
with the results of this study, Begec et al. [12] demon-
strated that ketamine 0.5 mg/kg slightly increased the
percentage of acceptable intubating conditions without
statistical significance. This result may be associated with
anesthetic interactions with ketamine. Ketamine clearly
demonstrated synergy with volatile anesthetics on
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minimum alveolar concentration in animal studies [6, 7].
On the other hand, propofol and ketamine reportedly
interact additively to produce hypnosis and immobility in
humans [13].

Ketamine has the effect of sympathetic stimulation
leading to increases in myocardial contractility and vas-
cular resistance, which in turn lead to increased arterial
pressure and heart rate [14, 15]. Park et al. [16] suggested
that coadministration of ketamine and glycopyrrolate might
have influenced the relative lack of significant hypotension
and bradycardia during sevoflurane inhalation induction
with remifentanil in children. Therefore, we assumed that
administration of ketamine before induction with sevoflu-
rane and alfentanil would provide greater hemodynamic
stability during anesthesia induction. This study demon-
strated that MAP was significantly higher in the ketamine
group than in the control group at T2 and T3 and that a low
dose of ketamine could preserve hemodynamic stability
before tracheal intubation. In addition, in this study, there
was no severe bradycardia or hypotension during induc-
tion, even in the control group. This result may be asso-
ciated with premedication with glycopyrrolate for all
children.

Primary concerns regarding addition of ketamine
included an increase in secretions and emergence reactions.
In our study, these complications were not observed in
children who received a subhypnotic dose of ketamine.
Another concern limiting the use of ketamine is the pos-
sibility of increasing intracranial pressure (ICP); however,
the clinical use of ketamine under controlled ventilation
has gradually gained acceptance in anesthetized or brain-
injured patients. Recent studies show no adverse effects of
ketamine on ICP, cerebral blood flow velocity [17, 18].

One of the limitations in this study is the low acceptable
intubation condition rate of the control group. Although the
higher dose of alfentanil could improve the intubation
conditions of the control group in children, we have been
concerned about hemodynamic instability and chest wall
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rigidity before tracheal intubation during sevoflurane
induction with higher doses. In a previous study, the higher
dose of alfentanil (15 pg/kg) was reported to cause sig-
nificant decrease in MAP and HR before intubation during
propofol induction in children [19]. Further studies
exploring the effect of ketamine in improving intubation
conditions and hemodynamic instability during sevoflurane
induction with the higher doses of opioids without muscle
relaxant are justified.

In conclusion, addition of ketamine could improve in-
tubating conditions for tracheal intubation without a neu-
romuscular blocking agent and preserve hemodynamic
stability during sevoflurane inhalation induction with
alfentanil in children.

References

1. Simon L, Boucebci KJ, Orliaguet G, Aubineau JV, Devys JM,
Dubousset AM. A survey of practice of tracheal intubation
without muscle relaxant in paediatric patients. Paediatr Anaesth.
2002;12:36-42.

2. Min SK, Kwak YL, Park SY, Kim JS, Kim JY. The optimal dose
of remifentanil for intubation during sevoflurane induction
without neuromuscular blockade in children. Anaesthesia.
2007,62:446-50.

3. Verghese ST, Hannallah RS, Brennan M, Yarvitz JL, Hummer
KA, Patel KM, He J, McCarter R. The effect of intranasal
administration of remifentanil on intubating conditions and air-
way response after sevoflurane induction of anesthesia in chil-
dren. Anesth Analg. 2008;107:1176-81.

4. Soulard A, Babre F, Bordes M, Meymat Y, Sztark F, Cros AM.
Optimal dose of sufentanil in children for intubation after sevo-
flurane induction without neuromuscular block. Br J Anaesth.
2009;102:680-5.

5. Kwak HJ, Kim JY, Min SK, Kim JS, Kim JY. Optimal bolus dose
of alfentanil for successful tracheal intubation during sevoflurane
induction with and without nitrous oxide in children. Br J Ana-
esth. 2010;104:628-32.

6. Solano AM, Pypendop BH, Boscan PL, Ilkiw JE. Effect of
intravenous administration of ketamine on the minimum alveolar
concentration of isoflurane in anesthetized dogs. Am J Vet Res.
2006;67:21-5.

10.

11.

12.

13.

15.

17.

18.

19.

. Hendrickx JF, Eger EI II, Sonner JM, Shafer SL. Is synergy the

rule? A review of anesthetic interactions producing hypnosis and
immobility. Anesth Analg. 2008;107:494-506.

. Topcuoglu PT, Uzun S, Canbay O, Pamuk G, Ozgen S. Keta-

mine, but not priming, improves intubating conditions during a
propofol-rocuronium induction. Can J Anaesth. 2010;57:113-9.

. Viby-Mogensen J, Engbaek J, Eriksson LI, Gramstad L, Jensen E,

Jensen FS, Koscielniak-Nielsen Z, Skovgaard LT, Ostergaard D.
Good clinical research practice (GCRP) in pharmacodynamic
studies of neuromuscular blocking agents. Acta Anaesthesiol
Scand. 1996;40:59-74.

Cheng EY, Mazzeo AJ, Bosnjak ZJ, Coon RL, Kampine JP.
Direct relaxant effects of intravenous anesthetics on airway
smooth muscle. Anesth Analg. 1996;83:162-8.

Gofrit ON, Leibovici D, Shemer J, Henig A, Shapira SC. Keta-
mine in the field: the use of ketamine for induction of anaesthesia
before intubation in injured patients in the field. Injury.
1997;28:41-3.

Begec Z, Demirbilek S, Ozturk E, Erdil F, Ersoy MO. Remif-
entanil and propofol for tracheal intubation without muscle
relaxant in children: the effects of ketamine. Eur J Anaesthesiol.
2009;26:213-7.

Hui TW, Short TG, Hong W, Suen T, Gin T, Plummer J. Additive
interactions between propofol and ketamine when used for
anesthesia induction in female patients. Anesthesiology.
1995;82:641-8.

. White PF. Comparative evaluation of intravenous agents for rapid

sequence induction-thiopental, ketamine, and midazolam. Anes-
thesiology. 1982;57:279-84.

Guit JB, Koning HM, Coster ML, Niemeijer RP, Mackie DP.
Ketamine as analgesic for total intravenous anaesthesia with
propofol. Anaesthesia. 1991;46:24-7.

. Park KS, Park SY, Kim JY, Kim JS, Chae YJ. Effect of remif-

entanil on tracheal intubation conditions and haemodynamics in
children anaesthetised with sevoflurane and nitrous oxide. Ana-
esth Intensive Care. 2009;37:577-83.

Bourgoin A, Albanese J, Wereszczynski N, Charbit M, Vialet R,
Martin C. Safety of sedation with ketamine in severe head injury
patients: comparison with sufentanil. Crit Care Med. 2003;31:
711-7.

Mayberg TS, Lam AM, Matta BF, Domino KB, Winn HR.
Ketamine does not increase cerebral blood flow velocity or
intracranial pressure during isoflurane/nitrous oxide anesthesia in
patients undergoing craniotomy. Anesth Analg. 1995;81:84-9.
Kim JY, Kwak HJ, Kim JY, Park KS, Song JS. Prevention of
rocuronium-induced withdrawal movement in children: a com-
parison of remifentanil with alfentanil. Paediatr Anaesth.
2008;18:245-50.

@ Springer



	The effect of ketamine on tracheal intubating conditions without neuromuscular blockade during sevoflurane induction in children
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


