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Ketamine, but not priming, improves intubating conditions
during a propofol–rocuronium induction
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Abstract

Purpose Both ketamine and priming may shorten the

onset time of rocuronium. This study investigates the effects

of ketamine and priming as components of a propofol

induction on intubating conditions and onset of neuro-

muscular block.

Methods This prospective randomized double-blind

study was performed in 120 American Society of Anes-

thesiologists (ASA) I–II patients who were assigned to one

of four groups of 30 patients each: control, priming, ke-

tamine, and ketamine-priming. Ketamine 0.5 mg � kg-1 or

saline was given before priming and induction. Rocuroni-

um 0.06 mg � kg-1 or saline was injected 2 min before

propofol 2.5 mg � kg-1. This was followed by rocuronium

0.6 mg � kg-1 or by rocuronium 0.54 mg � kg-1 if priming

was given. Intubation was performed one minute later.

Intubating conditions were graded as excellent, good, or

poor. Heart rate, noninvasive blood pressure, and train-of-

four (TOF) response were monitored.

Results Intubating conditions were graded excellent in

20% of the control group, 30% of the priming group, 47%

of the ketamine group, and 57% of the ketamine-priming

group. Analysis using forward stepwise regression indi-

cated that ketamine improved intubating conditions

(P = 0.001) but priming did not (P = 0.35). Time to reach

a TOF count of zero was shortened by ketamine

(P = 0.001) but not by priming (P = 0.94): 216 ± 20 s in

the control group, 212 ± 27 s in the priming group,

162 ± 18 s in the ketamine group, and 168 ± 22 s in the

ketamine-priming group.

Conclusion A low-dose ketamine used with a propofol–

rocuronium induction improved intubating conditions and

shortened onset time. Priming did not influence intubating

conditions or onset time.

Résumé

Objectif La kétamine et l’amorçage peuvent raccourcir

le délai d’action du rocuronium. Cette étude explore les

effets de la kétamine et de l’amorçage en tant que com-

posantes d’une induction au propofol sur les conditions

d’intubation et le début du bloc neuromusculaire.

Méthode Cette étude prospective randomisée à double

insu a été réalisée chez 120 patients ASA I-II (American

Society of Anesthesiologists) affectés à l’un des quatre

groupes de 30 patients suivants : témoin, amorçage,

kétamine, et kétamine ? amorçage. Avant l’amorçage et

l’induction, on a administré de la kétamine 0,5 mg�kg-1 ou

du sérum physiologique. Du rocuronium 0,06 mg�kg-1 ou

du sérum physiologique a été injecté 2 min avant l’admi-

nistration de 2,5 mg�kg-1 propofol. Ensuite, on a

administré du rocuronium 0,6 mg�kg-1 ou du rocuronium

0,54 mg�kg-1 s’il y avait amorçage. L’intubation a été

réalisée une minute plus tard. Les conditions d’intubation

ont été définies comme excellentes, bonnes ou mauvaises.

La fréquence cardiaque, la tension artérielle non invasive

et la réponse au train-de-quatre ont été surveillées.

Résultats Les conditions d’intubation ont été évaluées

comme excellentes chez 20 % des patients du groupe

témoin, 30 % du groupe amorçage, 47 % du groupe

kétamine et 57 % du groupe kétamine ? amorçage. Une

analyse à l’aide d’une méthode de régression ascendante

a indiqué que la kétamine améliorait les conditions d’in-

tubation (P = 0,001), mais pas l’amorçage (P = 0,35). Le
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temps jusqu’à obtention d’un train-de-quatre de 0 était

réduit avec la kétamine (P = 0,001) mais pas avec

l’amorçage (P = 0,94) : 216 ± 20 sec dans le groupe

témoin, 212 ± 27 sec dans le groupe amorçage,

162 ± 18 sec dans le groupe kétamine, et 168 ± 22 sec

dans le groupe kétamine ? amorçage.

Conclusion Une faible dose de kétamine utilisée lors

d’une induction au propofol-rocuronium a amélioré les

conditions d’intubation et raccourci le délai d’action du

médicament. L’amorçage n’influence ni les conditions

d’intubation ni le délai d’action.

Introduction

Rocuronium provides suboptimal intubating conditions in

20–25% of patients.1 The onset time of a neuromuscular

blocking drug is an important factor in determining the

speed and ease with which the trachea can be intubated

during a rapid sequence induction (RSI). Rocuronium may

be an alternative to succinylcholine for RSI whenever

succinylcholine is contraindicated.1–3 Nevertheless, speed

of onset of rocuronium is dose-dependent and high doses

are associated with a long duration of action.4

Onset time of a nondepolarizing neuromuscular blocking

drug may be shortened by priming, i.e., the administration

of a small dose of the drug before the larger intubating

dose.5 In some studies, priming with rocuronium has been

found to shorten onset time when compared with a single

intubating dose of rocuronium.6 In circumstances where a

patient has a full stomach and RSI is needed, a priming

technique or a high dose ([2 9 effective dose 95% or

ED95) of a non-depolarizing neuromuscular blocker has

been proposed to accelerate vocal cord opening.3

The onset of action is influenced by the speed with

which neuromuscular blocking agents are delivered to the

neuromuscular junction. This time interval appears to be

inversely proportional to cardiac output and muscle blood

flow.7 Studies that focused on induction agents that main-

tain cardiac output and blood pressure (e.g., etomidate,

ketamine) suggest that the use of these drugs is associated

with faster onset times and better intubating conditions.8–10

Ketamine has been reported to be associated with better

intubating conditions than thiopental.9

In studies of simulated RSI with rocuronium, propofol is

the preferred induction drug as it improves intubating

conditions compared with thiopental. The efficacy of

rocuronium for RSI is influenced by both the induction

agent and the intubation model.11,12 We hypothesized that

the addition of ketamine to a propofol induction would

improve intubating conditions after rocuronium while

shortening the onset time of neuromuscular block. We also

tested whether this could be improved further by the

addition of priming. For this, we planned a study to show

the effects of both priming and low-dose ketamine on

the intubating conditions and onset time of rocuronium

block.

Materials and methods

After ethics committee approval and written informed

consent, this prospective randomized double-blind study

was carried out in ASA I–II patients who were scheduled

for elective nasal surgery requiring general anesthesia.

Patients who were judged to be at risk of pulmonary

aspiration or anticipated airway difficulty were excluded.

All patients were free of pulmonary, neuromuscular, car-

diovascular, renal, hepatic, or endocrine disease and were

not taking medication known to interact with neuromus-

cular blocking agents.

No premedication was given. A 20 gauge cannula was

inserted into a vein in the dorsum of the hand and connected

to an isotonic saline solution. Heart rate, noninvasive blood

pressure, and peripheral oxygen saturation were monitored.

Values were recorded at baseline, after induction, and

every minute for 5 min after intubation. Neuromuscular

monitoring was provided by the S/5
TM

neuromuscular

transmission module (M-NMT) (Datex-Ohmeda, Madison,

WI, USA) applied to the adductor pollicis muscle, which

delivers electrical impulses to the ulnar nerve and measures

the muscle response with the mechanosensor attached to the

thumb and index finger. The module finds supramaximal

stimulus current in the range from 10 to 70 mA required to

activate the muscle fibers. After injection of propofol, train-

of-four (TOF) stimulation was applied every 10 s until a

TOF count of zero was obtained. The time between rocu-

ronium injection and a TOF of zero was measured by a

single investigator (S.U.) using a stop watch.

A computer-generated random number table was used

to randomly assign the patients to one of four groups of

30 patients each, i.e., according to whether ketamine

0.5 mg � kg-1 or saline was given and whether a priming dose

of rocuronium 0.06 mg � kg-1 or saline was administered

(Table 1). The medications were prepared by a single inves-

tigator (OC) who did not grade intubating conditions. The

priming interval was 2 min. All patients received propofol

2.5 mg � kg-1 at induction and a total dose of rocuronium of

0.6 mg � kg-1. One minute after rocuronium was injected, a

single anesthesiologist (P.T.) who was unaware of the drugs

administered performed tracheal intubation using a Macintosh

# 3 blade. The intubating conditions were evaluated by rating

ease of laryngoscopy, position and movement of the vocal

cords, and reaction to intubation according to the criteria

established by Fuchs-Buder et al.13 (Table 2). The quality of
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intubating conditions was rated as excellent when all param-

eters were scored as excellent, as good when all parameters

were considered either excellent or good, and as poor when

any parameter was rated as poor.

To avoid vocal cord injury, tracheal intubation was not

attempted if the vocal cords were fully closed, in which

case, intubation was reattempted 30 s later. Anesthesia was

maintained with 50% nitrous oxide in oxygen and desflu-

rane. Additional doses of rocuroniun were added at the

discretion of the anesthesiologist.

Statistical analysis

The primary endpoint of this study was the incidence of

excellent intubating conditions. Secondary outcomes were

onset time to TOF count of zero, heart rate, and mean blood

pressure. Statistical analysis was performed using forward

stepwise regression using intubating conditions or onset

time as the dependent variable and ketamine and priming

as independent variables. It was calculated that 28 patients

per group were required with a 0.05 level of significance

and 90% power to detect at least a 50% difference between

the control group and any of the other three groups with

respect to excellent intubating conditions. All statistical

analyses were performed using the Statistical Package for

the Social Sciences (SPSS 9.05 for Windows; SPSS Inc.,

Chicago, IL, USA). Differences among groups were ana-

lyzed by nonparametric analysis of variance (ANOVA).

Two-way ANOVA, forward stepwise regression, and

Kruskal–Wallis were used where appropriate, followed by

the Mann–Whitney U test when significant. A P value of

0.05 was considered a statistically significant difference.

Results

A total of 128 patients were enrolled in the study. Four

patients with an anticipated difficult airway, one patient with

asthma, and three patients undergoing an emergency oper-

ation were excluded. Statistical analysis was performed

using the data of the remaining 120 patients. Demographic

data were similar in all four groups (Table 3).

Analysis of the intubating conditions using forward

stepwise regression showed that intubation conditions were

better in the ketamine groups (ketamine group and keta-

mine-priming group) than in the other groups (P = 0.001)

(Fig. 1), while priming did not modify intubating condi-

tions significantly (P = 0.35). There were no significant

differences between groups with respect to reaction to

laryngoscopy and position of the vocal cords. Differences

were observed with respect to movement of limbs and

coughing in response to intubation (Table 4). No signs of

neuromuscular block after the administration of the prim-

ing dose were observed in any of the groups.

The time for disappearance of all four twitches of train-

of-four stimulus (time to reach TOF count of zero) was

statistically shorter in the ketamine groups (ketamine group

and ketamine-priming group) than in the other groups

(P = 0.001): 216 ± 18 s in the control group, 212 ± 27 s

in the priming group, 162 ± 26 s in the ketamine group, and

Table 1 Order of drug injections

1st injection 2nd injection 3rd injection 4th injection

(5 mL) (5 mL) (2 min after the

2nd drug, in 30 s)

Control group Normal saline Normal saline Propofol 2.5 mg � kg-1 Rocuronium 0.6 mg � kg-1

Priming group Normal saline Rocuronium 0.06 mg � kg-1 Propofol 2.5 mg � kg-1 Rocuronium 0.54 mg � kg-1

Ketamine group Ketamine 0.5 mg � kg-1 Normal saline Propofol 2.5 mg � kg-1 Rocuronium 0.6 mg � kg-1

Ketamine–priming group Ketamine 0.5 mg � kg-1 Rocuronium 0.06 mg � kg-1 Propofol 2.5 mg � kg-1 Rocuronium 0.54 mg � kg-1

Table 2 Assessment of intubating conditions (according to Fuchs-Buder et al.)13

Variables Excellent Good Poor

Easy Fair Difficult

Ease of laryngoscopy Jaw relaxed; no resistance to blade Jaw not fully relaxed; slight resistance Poor jaw relaxation; active resistance

Position and movement of vocal cords

Position Abducted Intermediate Closed

Movement None Moving Closing

Reaction to intubation

Moving of limbs None Slight Vigorous

Coughing None Diaphragm Sustained
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Fig. 1 Distribution of

intubating conditions among

four groups of 30 patients each.

* P = 0.001 ketamine and

ketamine–priming groups

compared with the other two

groups, ** P = 0.001 control

group compared with ketamine

and ketamine–priming group

Table 3 Demographic characteristics

Control group Priming group Ketamine group Ketamine–priming group

(n = 30) (n = 30) (n = 30) (n = 30)

Age (yr) 34 ± 15 35 ± 10 34 ± 12 32 ± 9

Men/women 18/12 16/14 13/17 15/15

Weight (kg) 71 ± 11 70 ± 14 66 ± 11 68 ± 10

Height (cm) 168 ± 8 169 ± 11 169 ± 7 169 ± 8

Data are expressed as numbers for gender and as mean ± standard deviation (SD) for age, weight, and height

Table 4 Intubating conditions

of 120 patients

Data are expressed as number

of patients

* P = 0.002 ketamine group

compared with control group;

** P B 0.002 ketamine and

ketamine–priming groups

compared with control group

Variables Control group Priming group Ketamine group Ketamine–priming group

(n = 30) (n = 30) (n = 30) (n = 30)

Ease of laryngoscopy

Easy 21 19 23 27

Fair 9 9 7 3

Difficult 0 2 0 0

Position of vocal cords

Abducted 19 24 26 26

Intermediate 10 5 4 3

Closed 1 1 0 1

Movement of vocal cords

None 23 25 27 29

Moving 6 5 3 0

Closing 1 0 0 1

Moving of limbs*

None 10 17 25 26

Slight 8 4 5 2

Vigorous 12 9 0 2

Coughing**

None 7 19 21 18

Diaphragm 16 7 9 11

Sustained 7 4 0 1
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168 ± 22 s in the ketamine-priming group. The effect of

ketamine and priming on the onset time of rocuronium was

investigated using two-way ANOVA. Ketamine was found

to be significantly associated with decreased onset times

(P = 0.001), while priming had neither a principal effect

(P = 0.94) nor an interaction with ketamine (P = 0.73).

In the ketamine groups, the decrease in mean blood pres-

sure after induction was found to be significantly less than in

the other two groups (control and priming) (P = 0.001)

(Fig. 2). There was no statistically significant difference in

heart rate among the groups (P = 0.095) (Fig. 3).

Intubation was reattempted after 30 s in one patient in

the control group and one patient in the priming group.

Discussion

In this study, the addition of low-dose ketamine 0.5 mg �
kg-1 to propofol 2.5 mg � kg-1 was shown to improve the

intubating conditions provided by rocuronium

0.6 mg � kg-1 and to decrease its onset time.

Intubation time is thought to be dependent on physio-

logical factors, such as the onset of neuromuscular

blockade, cardiac output, circulation time, and perfusion of

muscles. Induction agents, such as etomidate and ketamine,

have been shown to accelerate rocuronium onset time by

maintaining cardiac output and blood pressure values,

thereby improving intubating conditions. In these studies,

higher doses of ketamine enabled faster onset of rocuro-

nium due to increased cardiac output.8,9 In the induction

phase, Tan et al.14 compared the use of a combination of

propofol and ephedrine with propofol alone. Intuba-

tion was performed one minute after the administration of

rocuronium 0.6 mg � kg-1. Better intubating conditions

were achieved in the group that used ephedrine. In a similar

study, intubating conditions with priming alone, ephedrine

alone, and a combination of priming and ephedrine were

investigated. Findings demonstrated that the combination

group, i.e., the priming–ephedrine combination group,

provided better intubating conditions compared with the

other groups, i.e., priming only group, ephedrine only

group, and control group.15 In light of the results of these

studies, we investigated ketamine instead of ephedrine due

to its sympathomimetic effects. In our study, ketamine was

used along with rocuronium priming during induction with

propofol, and the results were similar to the mentioned

previous study with ephedrine. Intubating conditions in our

study were better and the onset time of rocuronium (TOF

count zero) was shorter in the ketamine groups than in the

priming and control groups. A number of studies have

supported the hypothesis that ketamine improves orotrac-

heal intubating conditions compared with thiopental.9,16,17

In another study, intubating conditions after 60 s follow-

ing administration of 0.6 mg � kg-1 rocuronium were

compared with intubating conditions following the com-

binations of ketamine–etomidate, fentanyl–etomidate, or

placebo–etomidate during induction. Better intubating

conditions were observed in the ketamine–etomidate

group, although the onset time was the same.10

The rapid distribution of the neuromuscular blocking

agent was related to the hemodynamic stimulation of

ketamine. Our results supported that ketamine provides

good intubation while decreasing the onset time of rocu-

ronium. Munoz et al.18 found a faster onset time for rocu-

ronium 0.6 mg � kg-1 using ephedrine 70 lg � kg-1 for

co-medication and thiopental for induction of anesthesia.

However, a faster distribution of rocuronium was assumed

in the effect organ (muscle) without detecting any signifi-

cant differences in heart rate or blood pressure between

groups. In our study, although mean blood pressure in all

groups decreased compared with baseline values after

induction with propofol, this decrease was less in the

Fig. 2 Mean blood pressure changes of 120 patients before (baseline)

and after induction. * P = 0.001

Fig. 3 Heart rate changes of 120 patients before induction (baseline)

and after induction
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ketamine groups (P = 0.001). Mean blood pressure after

induction was higher in the ketamine groups compared

with the other groups (control, priming). Heart rate dif-

ferences between the ketamine and the non-ketamine

groups did not achieve statistical significance (P = 0.095).

We compared baseline and post-induction heart rate and

blood pressure before intubation hemodynamic variables as

rocuronium must take effect before intubation. These

results suggest that the good intubating conditions in the

ketamine groups may have been due to ketamine’s effect

on blood pressure and heart rate causing rapid delivery of

the rocuronium to the synaptic cleft. Another possible

explanation of the good intubating conditions in the keta-

mine and ketamine–priming group may be that ketamine’s

analgesic and hypnotic effects provide deep anesthesia and

obtund airway reflexes.16 In our study, the dose of propofol

was not reduced in patients receiving ketamine. This may

have caused a synergistic effect between propofol and

ketamine causing deep anesthesia favouring intubating

conditions.19 No hypotension or any side effects were seen;

however, future studies involving decreased doses of

propofol in groups receiving ketamine and equi-anesthetic

doses of the drugs could be planned.

The assessment of intubating conditions is a complex

task. A standard method was used in our study, and to provide

consistency, a single anesthetist (P.T.) who was blinded to

the study groups performed all of the intubations.

Since propofol has a high potential for hypotension and

bradycardia, adding an opioid to the anesthesia procedure

could lead to increased incidence of these effects. A

decrease in airway reflexes could be due to ketamine or

opioid. For this reason, opioids were not used in the present

study. Since opioids are able to blunt laryngeal reflexes,

they enable good intubation conditions with or without

neuromuscular blocking agents.20

It is important to point out that priming may result in

muscle weakness, dysphagia, impaired vision, and respira-

tory failure in the awake patient. Thus, the priming dose, the

intubation dose, and the priming interval all play significant

roles in the efficacy of the priming technique and in the

prevention of probable adverse effects.21,22 No adverse

effects were reported in recent studies that used a priming

dose of rocuronium 0.06 mg � kg-1.6,23,24 In the case of

higher doses and longer intervals of priming, the incidence

of mentioned adverse effects would be higher. A number of

studies have demonstrated that priming shortened the onset

time of rocuronium.18,19 Naguib et al.6 showed that an in-

tubating dose of rocuronium 0.54 mg � kg-1 administered

after 3 min of a priming dose of rocuronium 0.06 mg �
kg-1 shortened the onset time of the effect approximately

20–35% when compared with the administration of rocu-

ronium 0.6 mg � kg-1 as a single dose for intubation. In

the present study, we used the same priming dose as in

Naguib’s study, i.e., rocuronium 0.06 mg � kg-1 and a

priming interval of 2 min, rather than Naguib’s 3-min

priming period. Our findings are different from Naguib

et al.’s, as we did not see an effect of priming on the onset

time of rocuronium. We chose a 2 min priming interval

because Griffith et al.23 found a significantly shorter onset

time with that priming interval.

Time to reach TOF count of zero may be altered by

different induction agents and neuromuscular blockers.15

Leykin et al.15,25 studied different induction agents and

ephedrine with and without priming and claimed that

intubating conditions were better if ephedrine and ketamine

were used. However, no differences between groups in

terms of onset times or hemodynamic findings were dem-

onstrated. We also found that intubating conditions were

improved by ketamine, but contrary to Leykin et al.’s

studies, we showed that onset time was shorter in the ke-

tamine groups and associated with a more modest decrease

in blood pressure after induction with propofol if ketamine

was given.

A limitation of this study was that only the time to reach

TOF count zero was recorded. Recording the TOF count

one minute after rocuronium priming and at intubation

would have provided a more accurate interpretation of the

intubating conditions in relation to neuromuscular relaxa-

tion. It might be worthwile to plan further studies with

different doses of ketamine including detailed TOF

records. Another potential weakness is that this study

was performed in elective patients not requiring a rapid

sequence induction; however, it is clear that it is impossible

to conduct a study in patients requiring RSI.

The present study demonstrated that the addition of low-

dose ketamine to propofol induction improves intubation

conditions by providing good jaw relaxation, better vocal

cord abduction, decreased response to intubation, and a

shortened onset time of rocuronium. In this study, priming

with rocuronium 0.06 mg � kg-1 and a 2 min interval had

no effect on the onset time and intubating conditions

following rocuronium.
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Comparison of different priming techniques on the onset time and

intubating conditions of rocuronium. Eur J Anaesthesiol 2002;

19: 517–21.

25. Leykin Y, Pellis T, Lucca M, Gullo A. Intubation conditions fol-

lowing rocuronium: influence of induction agent and priming.

Anaesth Intensive Care 2005; 33: 462–8.

Ketamine and priming for intubation 119

123


	La kÕtamine et non l&rsquo;amorÓage amÕliore les conditions d&rsquo;intubation pendant une induction au propofol et au rocuronium
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	RÕsumÕ
	Objectif
	MÕthode
	RÕsultats
	Conclusion

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Sources of funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


