LUND UNIVERSITY

Repeated epinephrine doses during prolonged cardiopulmonary resuscitation have

limited effects on myocardial blood flow: a randomized porcine study

Wagner, Henrik; Gétberg, Michael; Hardig, Bjarne Madsen; Rundgren, Malin; Carlson, Jonas;

Gotberg, Matthias; Sparv, David; Erlinge, David; Olivecrona, Géran

Published in:
BMC Cardiovascular Disorders

DOI:
10.1186/1471-2261-14-199

2014

Link to publication

Citation for published version (APA):

Wagner, H., Gétberg, M., Hardig, B. M., Rundgren, M., Carlson, J., Gétberg, M., Sparv, D., Erlinge, D., &
Olivecrona, G. (2014). Repeated epinephrine doses during prolonged cardiopulmonary resuscitation have
limited effects on myocardial blood flow: a randomized porcine study. BMC Cardiovascular Disorders, 14, Article

199. https://doi.org/10.1186/1471-2261-14-199

Total number of authors:

General rights

Unless other specific re-use rights are stated the following general rights apply:

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.

* You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

Download date: 20. Jul. 2025

LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00


https://doi.org/10.1186/1471-2261-14-199
https://portal.research.lu.se/en/publications/9a4cd130-cef6-4674-a984-8bb18f46eb51
https://doi.org/10.1186/1471-2261-14-199

Wagner et al. BVIC Cardiovascular Disorders 2014, 14:199
http://www.biomedcentral.com/1471-2261/14/199

BMC
Cardiovascular Disorders

RESEARCH ARTICLE Open Access

Repeated epinephrine doses during prolonged
cardiopulmonary resuscitation have limited
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Abstract

circulation after CA.

Background: In current guidelines, prolonged cardiopulmonary resuscitation (CPR) mandates administration of
repeated intravenous epinephrine (EPI) doses. This porcine study simulating a prolonged CPR-situation in the
coronary catheterisation laboratory, explores the effect of EPl-administrations on coronary perfusion pressure (CPP),
continuous coronary artery flow average peak velocity (APV) and amplitude spectrum area (AMSA).

Methods: Thirty-six pigs were randomized 1:1:1 to EPI 0.02 mg/kg/dose, EPI 0.03 mg/kg/dose or saline (control)
in an experimental cardiac arrest (CA) model. During 15 minutes of mechanical chest compressions, four
EPI/saline-injections were administered, and the effect on CPP, APV and AMSA were recorded. Comparisons were
performed between the control and the two EPI-groups and a combination of the two EPI-groups, EPI-all.

Result: Compared to the control group, maximum peak of CPP (P,,,) after injection 1 and 2 was significantly
increased in the EPI-all group (p=0.022, p=10.016), in EPI 0.02-group after injection 2 and 3 (p=0.023, p=0.027)
and in EPI 0.03-group after injection 1 (p =0.013). At P.., APV increased only after first injection in both the EPI-all
and the EPI 0.03-group compared with the control group (p=0.011, p=0.018). There was no statistical difference of
AMSA at any P, Seven out of 12 animals (58%) in each EPI-group versus 10 out of 12 (83%) achieved spontaneous

Conclusion: In an experimental CA-CPR pig model repeated doses of intravenous EPI results in a significant increase in
APV only after the first injection despite increments in CPP also during the following 2 injections indicating inappropriate
changes in coronary vascular resistance during subsequent EPl administration.

Keywords: Cardiac arrest, Mechanical chest compressions, Epinephrine

Background

Routine use of epinephrine (EPI) during cardiopulmonary
resuscitation (CPR) was first described in the early 1960-
ies [1] and has ever since been recommended in guidelines
during advanced CPR. Current guidelines recommend
administration of 1 mg of EPI given intravenously every
3 — 5 minute Class IIb (LOE A) [2,3]. Several clinical
studies and randomized trials have reported an increased
frequency of return of spontaneous circulation (ROSC) in
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out-of-hospital cardiac arrest (OHCA) after various dos-
ages of repeated EPI administrations [4-7]. However, the
increased frequency of ROSC does not convey improve-
ments in discharge from hospital in good neurological
condition or long term survival [4,7,8].

Both experimental and clinical studies have shown a
higher frequency of ROSC when the coronary perfusion
pressure (CPP) can be brought to a level > 15 mmHg
before defibrillation during CPR-treatment [9-13]. Both
increments in CPP and myocardial creatine phosphate are
associated with altered ventricular fibrillation (VF) wavelets
that in turn increase the possibility of a successful CPR

© 2014 Wagner et al, licensee BioMed Central. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain

Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,

unless otherwise stated.


mailto:henrik.wagner@med.lu.se
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/

Wagner et al. BVIC Cardiovascular Disorders 2014, 14:199
http://www.biomedcentral.com/1471-2261/14/199

[14]. Amplitude spectrum area (AMSA) represents a
quantitative combined measure of the electrical activity
of VF wavelets, that seems to be a predictor of defibril-
lation success [15] and other experimental studies have
shown a correlation between CPP, AMSA, and defibril-
lation success [13,16].

A Doppler flow wire can be used to measure coronary
blood flow in patients with a stable circulation [17-19],
and experimentally a good correlation has been demon-
strated between CPP and the average blood flow (APV)
in a coronary vessel assessed by a Doppler flow wire during
mechanical chest compressions (MCC) [20].

Previous experimental studies have evaluated the
effects of repeated doses of EPI on CPP [21,22], VF-
amplitude [23] and myocardial blood flow [24] during
CPR, but all these studies have been designed to reflect
the OHCA situation. The aim of this study was to assess
CPP, coronary artery APV reflecting myocardial pressure
and perfusion in addition to AMSA (reflecting bioelec-
trical activity) during CA caused by VF in an experimental
situation adopted to the catheterisation laboratory setting,
which includes a shorter untreated VF time and prolonged
need for CPR while performing PCI [25].

Methods

The study conformed to the guide for the care and use of
laboratory animals, US National Institute of Health (NIH
Publication No. 85-23, revised 1996) and was approved by
the Malmo6/Lund Committee for Animal Experiment
Ethics, Dnr M 192-10.

Animal preparation and monitoring

Thirty-six Swedish-bred (Swedish Landrace) pathogen free
pigs with a mean weight of 38 kg (SD + 4.1, range 32 -
46 kg) were included. The pigs were fasted overnight with
free access to water. At the day of the experiment
they were pre-medicated with Ketaminol 150 mg/10 kg
(Ketamine 100 mg/ml, Intervet, Danderyd, Sweden) and
Rompun 20 mg/10 kg intramuscularly (Xylazin 20 mg/ml,
Bayer AG, Leverkusen, Germany). After induction of
anaesthesia with thiopental 12.5 mg/kg/dose (Pentothal
100 mg/ml Abbott, Stockholm, Sweden) the animals
were orally intubated with cuffed endotracheal tubes.
To maintain anaesthesia, a slow infusion of (Fentanyl
1.25 pg/ml (Fentanyl Pharmalink AB, Stockholm, Sweden)
in buffered glucose (25 mg/ml) was started at a rate of
2 ml/min and adjusted as needed. During the anaesthe-
sia, meprobamat (Mebumal DAK Copenhagen Denmark)
and/or thiopental was titrated if needed in small bolus
doses. The animals were ventilated with a mixture of ni-
trous oxide (70%) and oxygen (30%) and normal air using
a mechanical Siemens-Elema 900B ventilator (Siemens
Elema Solna, Sweden) in the volume-controlled mode,
adjusted in order to obtain normoventilation maintaining
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end tidal carbon dioxide at 4.5 - 5.5 kPa. In addition, the
animals were monitored with a three lead electrocar-
diogram using an IntelliVue MP90 monitoring system
(Philips, Eindhoven, The Netherlands). A 6 F FL3.5 diag-
nostic catheter (Boston Scientific Scimed, Maple Grove,
MN, USA) was introduced through the left carotid artery
into the ostium of the left main coronary artery. This
catheter was used to place a 0.014-inch, 12 MHz pulsed
Doppler flow velocity transducer (FloWire® Volcano Inc.,
San Diego, CA, USA) into the mid-portion of the left
anterior descending artery (LAD). A 7.5 F Continuous
Cardiac Output Pulmonary Artery Catheter™ (Edwards
Lifesciences, Irvine, CA, USA) was inserted through the
surgically exposed right jugular vein. Central venous pres-
sure (CVP) was measured in the right atria via a separate
transducer. A 6 F pig-tail catheter was placed in the as-
cending aorta for arterial blood pressure (ABP) measure-
ment. Ten-thousand units of un-fractioned heparin (LEO
Pharma AB, Malmoe Sweden) was given intravenously at
the start of the catheterisation. The procedures were per-
formed in an experimental catheterization fluoroscopy
laboratory (Shimadzu Corp., Kyoto, Japan).

Experimental protocol
A flow chart of the experiment is presented in Figure 1.
Pigs were randomized using sealed envelopes. The person
opening the envelope prepared the prescribed drug while
the remainder of the researchers were blinded to the drug
administered during the experiment. The animals received
EPI 0.02 mg/kg/dose as previously described in a study by
Pytte et al [26] or 0.03 mg/kg/dose as described in a study
by Ristagno et al [27] or saline (control). Each syringe was
diluted to a total of 10 ml. After preparation and a base-
line period, VF was induced using a 9 V direct current
(Duracell Battery, Procter & Gamble, Cincinnati OH,
USA) between a skin electrode and an intracardiac needle
inserted to the epicardium with a stimulation time be-
tween 5 — 10 seconds, resulting in an instant loss of ABP
and LAD flow. After one minute of untreated VE, MCC
and manual ventilation at a rate of 8 — 10 inflations/mi-
nute with 100% of oxygen was started and continued for
15 min prior to defibrillation. For standardized chest com-
pressions an electrically driven MCC device was used
(LUCAS™2, Physio-Control/Jolife AB, Lund, Sweden). At
5, 8, 11 and 14 minutes after VF-induction an injection of
the allocated drug/saline was administered followed by
a flush of 10 ml NaCl via a peripheral cannula in a vein
in the ear. The rationale behind a 16 minute VF period
(1 minute of untreated VF followed by 15 minutes of
MCC) was an attempt to reflect a CA situation in the
human cardiac catheterisation laboratory with prolonged
advanced CPR in connection with PCI [25].

After 15 minutes of VF and MCC, the first defibrilla-
tion (LIFEPAK 12 Defibrillator/Monitor, Physio-Control,
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Blood gas ~ StartCPR EPI dose #1 EPI dose #2 EPI dose #3 EPI dose #4 EPI dose #5
| Baseline 10 min VF CPR CPR CPR CPR CPR CPR CPR Post ROSC 15 min |
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Figure 1 Experimental time line. MCC = mechanical chest compressions, VF = ventricular fibrillation, CPR = cardiopulmonary resuscitation,
EPI = epinephrine, defib = defibrillation, min = minutes, ROSC = return of spontaneous circulation, Drug administration; either 0.02 mg EPI/kg/dose
or 0.03 mg EPI/kg/dose or NaCl , was administrated after 4 minutes of MCC and then every 3'® minute during the 15 minutes of MCC.

Redmond, Wa, USA) was attempted. If ROSC was not
obtained, a fifth dose of EPI was given and repeated defi-
brillations were performed as needed for a total of 3
times, with 2-minute intervals during MCC. ROSC was
defined as a stable circulation with an ABP > 60 mmHg
for 15 minutes after defibrillation. After 15 minutes of
ROSC the animals were euthanized with 40 mmol potas-
sium injected into the pulmonary artery catheter.

Measurements and analysis

Arterial blood pressure and CVP were continuously
measured using a sampling rate at 1000 Hz (AD Instru-
ments Inc, Colorado Springs, CO, USA). Hemodynamic
parameters were digitally recorded using Chart v4.2 (AD
Instruments Inc, Colorado Springs, CO, USA). Coronary
perfusion pressure was calculated as the difference be-
tween the arterial-end diastolic pressure and the venous
right atrial-end diastolic pressure [28]. The maximum
peak of CPP (P,,,,) was depicted at 20, 60, 120, 180 sec-
onds after initiation of MCC, at the time of every EPI
injection and when CPP reached the highest value after
each injection. In the control group CPP was depicted
90 seconds after each saline injection. Continuous coron-
ary APV were displayed and recorded using the Doppler
flow wire connected to a FloMap monitor (Cardiometrics,
Mountain View, CA). The APV was analysed in visual
artefact free zones concomitantly with P ...

Analog ECG signals were digitized and converted
from a time to a frequency domain by fast Fourier
transformation at a sampling rate of 250 Hz. Ampli-
tude spectrum area was calculated as the sum of the
products of individual frequencies between 8 and 48 Hz at
Prax. The measurements were performed throughout
the 16 minutes of VF as median values of every
10 second period. Time to P, were analyzed in the
EPI-groups. Survival was defined as stable ROSC for
15 min post successful defibrillation and assessed in
each group.

All analyses of these parameters were performed on
the three groups and on a merged group including the
two EPI-groups (EPI-all).

Statistics

Analyses were performed comparing data in the control
group with those of each EPI dose group and a combin-
ation of the 2 EPI-groups. Continuous variables are pre-
sented as their mean + SD or median and 25" to 75™
interquartile. Categorical values are presented as numbers
and percentages. Fisher’s exact test was used for compar-
ing categorical variables. The Mann-Whitney U test was
used for comparing unpaired continuous variables. The
Kruskal — Wallis test was used to compare multiple me-
dian values when time to peak maximum was compared.

Results
No difference was seen during the baseline period regard-
ing analysed measurements between any groups (Table 1).

CPP

During the first 4 minutes of MCC and at the time of the
first EPI injection, there were no significant differences in
CPP between the control group (n=12), EPI-all group
(n=24), EPI 0.02 mg/kg/dose (n=12) or EPI 0.03 mg/
kg/dose (n=12). During the following period of MCC
there was a significant increase in CPP at P, after EPI
injection 1 and 2 in the EPI-all group (p = 0.022, p = 0.016),
compared to the control group but not after injection 3
and 4. We found a significant increase in CPP after in-
jection 2 and 3 in EPI 0.02 mg/kg/dose compared to the
control group (p=0.023, p=0.027). When comparing
EPI 0.03 mg/kg/dose to the control group there was a
statistical significant difference at P,,, following injec-
tion 1 (p = 0.013) but not at P, following injection 2, 3
and 4 (Table 2, Figure 2a).

APV

During the first 4 minutes of VF there were no statisti-
cally significant differences in APV between any groups.
During the following period of MCC there was a signifi-
cant increase in APV after injection 1when comparing
the control group to the EPI-groups except for EPI
0.02 mg/kg/dose group, in which the APV increase was
only borderline (p=0.056). We could not detect any
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NaCl (n=12) EPI all (n=24) P-value EPI 0.02 mg/kg/dose P-value EPI 0.03 mg/kg/dose P-value
(n=12) n=12)
Syst ABP 152 151 0.5347 149 (136 - 172) 04357 152 (136 - 172) 0.7950
Diast ABP 96 96 0.6996 93 (89 - 99) 0.7075 100 (78 - 107) 0.7950
Mean ABP 115 114 05347 13 (105-118) 0.5067 116 (954 - 126) 0.7075
Max CVP 12 11 0.6505 1 (10-13) 0.5444 " (10-13) 0.8852
Min CVP 8 7 04502 (4-8) 0.2855 7 6-9) 0.8399
Mean CVP 10 9 0.7944 8-11 0.7350 9 8-11) 09310
ETCO, 49 45 0.5642 48 (44 -50) 0.8691 43 (4.0-47) 02727
APV 17 17 0.7677 20 (13 -26) 0.8399 15 (11 -21) 04417
Heart rate 88 75 0.7455 77 (71-93) 0.8955 71 (56 - 90) 04701
pH 7473 7484 0.9331 7468 7414-7.529) 0.7950 7485 (7.3875-7.503) 0.6650
PCO, 53 54 0.7246 55 (5.1-59) 09310 52 (4.9-5.9) 0.6236
PO, 27.2 20.2 0.6030 230 (17.3-33.2) 08174 20.2 (16.4-33.9) 05254
ABE 6.0 59 0.9065 6.8 (3.2-87) 0.7075 55 (25-6.1) 0.2855

NaCl = Saline, EPI = epinephrine, Syst = Systolic, ABP = arterial blood pressure (mmHg), Diast = Diastolic, Max = maximum.

CVP = central venous pressure (mmHg), Min = minimum, ETCO, = end tidal carbon dioxide (kPa), APV = average peak velocity (cm/s).
Heart rate (beats/minute), PCO, = partial pressure carbon dioxide, (kPa), PO, = partial pressure oxygen (kPa).

ABE = arterial base excess (mmol/I). All values are expressed as median, 25th and 75th interquartile.

change in APV after the subsequent EPI injections
(Table 3, Figure 2b).

AMSA

There were no statistical differences in AMSA, when
comparing the control group to any of the EPI-groups.
(Table 4, Figure 2c).

Time to maximum peak of CPP

The median time to P, following the EPI injections
was 50 (interquartile range 48 to 52) seconds (Table 5).
There were no significant difference in time to Py

between the EPI-groups following injection 1 to 4
(Table 5).

ROSC

Return of spontaneous circulation was achieved in 10/12
(84%) animals in the control group compared with 7/12
(58%) in each EPI-group (p = 0.37).

Discussion

This study shows that intravenous administration of
recommended doses of EPI during prolonged advanced
CPR with MCC increases the perfusion pressure in the

Table 2 Physiological values of CPP during 15 minutes of MCC-time

CPP NaCl (n=12) CPP EPI all (n=24) P-value  CPP EPI 0.02 mg/kg/ P-value  CPP EPI 0.03 mg/ P-value
dose (n=12) dose (n=12)
MCC 20 s 30 27 04141 28 (12-46)° 0.7818 26 (18-37)° 0.2855
MCC 60 s 31 25 09331 34 (14-46)° 0.6650 25 (21-46)° 0.7950
MCC120s 28 27 0.7152 25 (16-49)° 0.5588 29 (25-52)° 0.6891
MCC180s 29 27 08712 25 (14-44)° 1.0000 29 (21-53)° 09737
Inj #1 29 27 0.9368 31 (11-48)° 0.9476 27 (14-57) 09719
Peak #1 29 44 0.0219 38 (28-78)° 0.1489 47 (39-77)° 0.0134
Inj #2 29 25 1.0000 19 (10-44)° 0.6009 27 (24-50)° 0.5545
Peak #2 28 39 0.0160 50 (31-65)° 0.0229 37 (29-56)° 0.0620
Inj #3 32 27 0.9849 12 (7-38)° 0.6209 27 (25-39)° 0.6682
Peak #3 28 39 0.1434 42 (32-50)° 0.0265 35 (28-64)° 01213
Inj # 4 31 26 0.9848 13 (11-43)° 0.5974 27 (23-39)° 0.6891
Peak #4 24 32 0.1894 32 (22-47)° 0.2453 33 (29-44) 0.2766

CPP = Coronary perfusion pressure (mmHg), NaCl = Saline, EPI = epinephrine, MCC = Mechanical chest compressions, Inj = injection, a:n=12, b:n=11, c: n=10,
d:n=24, e:n=23,f:n=22, g: n=21. Peak values at 20, 60, 120, 180 seconds after start of MCC, at each time point of the 4 drug injections (4, 7, 10, 13 minutes
after start of MCC) and the corresponding peak to each injection for NaCl compared to EPI. All values are expressed as median, 25th and 75th interquartile.
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coronary vessel as expected. However, the effect of EPI
seems to be weakened after three out of four injections
when compared to controls. We also found, that the
increase in CPP only transfers into an increase in APV
after the first injection of EPI and no effect could be detec-
ted in AMSA. Human studies have shown that adminis-
tration of EPI according to guidelines recommendations
has a positive effect to attain ROSC but a worse neuro-
logical/survival outcome at discharge from hospital [8,29].
This has also been observed when using higher cumula-
tive doses of EPI [4]. In the present study, numerically
fewer animals receiving EPI obtained ROSC compared to
the control group, although the difference was not signifi-
cant. Larger studies are needed to demonstrate a possible
negative effect on survival of repeated intravenous
EPI-doses during CPR.

In this study median time to P, was 50 (48 — 52)
seconds. Pytte et al showed a median time to peak after

53 seconds with MCC with a CC-depth at 45 mm and
after 83 seconds with manual CC according to guidelines
from 2005 [26]. Thus both studies support a better circu-
lation in terms of time to peak of CPP created by MCC.

In addition to an adequate CPP, myocardial perfusion
is dependent on coronary artery flow velocity. In a previ-
ous study it was shown that APV was highly correlated
to CPP during prolonged CPR with MCC [20], a study
that was conducted without administration of EPI In
another study Mayr et al demonstrated that repeated
injections of vasopressin resulted in an increased coron-
ary blood flow in pigs with induced VF circulated with a
cardio-pulmonary bypass technique in a low flow state
[30]. Brown et al showed that high doses of EPI elevated
myocardial blood flow to a higher extent compared with
standard doses [24]. In our study we could only detect a
significant rise in APV after the first EPI injection. Thus,
the increase in CPP after EPI-injection 2 and 3 was not
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Table 3 Physiological values of APV during 15 minutes of MCC-time

APV NaCl (n=12) APV EPlall (n=24) P-value APV EPI0.02 mg/kg/dose P-value APV EPI 0.03 mg/kg/EPI  P-value

n=12) n=12)

MCC 20 s 19 (12-28)° 18 (12-22)" 0.3571 20 (13-24)° 0.5444 16 (11-32)° 0.3401
MCC60s 20 (15-29y° 20 (11-24)" 04141 21 (12-25)° 08399 17 (10-22)° 0.2071
MCC120s 17 (12-25)° 14 (©-21)" 03220 14 (10-21)° 04025 10 (8-21)° 0.3401
MCC180s 24 (17-29° 17 (11-26)° 0.0901 14 (10-30)° 00606 18 (12-24)° 0.1316
Inj #1 13 (12-20)° 16 (8-200™ 0.8536 16 (9-20)° 0.9646 14 (7-25)¢ 0.6893
Peak #1 1 (9-15)¢ 19 (15-26) 0.0109 19 (12-23)¢ 0.0561 19 (15-42)° 0.0183
Inj #2 12 (8-18)¢ 12 (9-20)" 0.8262 10 (8-16)° 0.5915 15 (12-21)P 02303
Peak #2 16 (6-19)° 17 (13-31) 0.1899 18 (13-36)° 01629 15 (13-35) 04309
Inj #3 13 (11-20)¢ 14 (7-22) 0.5892 16 (9-26)¢ 0.9674 12 (7-18)¢ 0.3606
Peak #3 13 (9-22)° 19 (14-31) 0.5892 19 (15-29)° 0.1661 19 (14-33)f 03191
Inj # 4 15 (9-20)° 17 9-21) 09314 19 (8-29)° 08792 16 (10-21)° 1.0
Peak #4 12 8-21)° 15 (10-29)™ 0.6749 14 (12-22)¢ 0.6497 17 (8-37)¢ 0.8365
APV = Average peak velocity (cm/s), NaCl = Saline, EPI = epinephrine, MCC = mechanical chest compressions, Inj = injection, a:n=12,b:n=11,cn=10,d: n=9,

ee=8fin=7,9g:n=24h:n=23,i:n=21,j:n=19, kn=18, l: n=17, m: n=16. Peak values at 20, 60, 120, 180 seconds after start of MCC, at each time point of
the 4 drug injections (4, 7, 10, 13 minutes after start of MCC) and the corresponding peak to each injection for NaCl compared to EPI. All values are expressed as

median, 25th and 75th interquartile.

accompanied by a concomitant elevation in APV indicat-
ing a rise in local vascular resistance and a lesser amount
of oxygenated blood reaching the myocardium, corre-
sponding to the findings of Brown et al using standard
doses of EPIL. The different circulation techniques and
ventilation rates used in these studies may have signi-
ficant impact on differences in their results. Still, the
importance to keep CPP at a high level may be ques-
tioned, since the elevated pressure values caused by
EPI in 3 out of 4 injections was not accompanied by an
increase in APV.

Amplitude spectrum area has been associated with a
high positive and negative predictive value to obtain a

successful defibrillation in both experimental and human
studies [31,32]. In one study the analyses were performed
only on data from defibrillators used in CA-cases, no
other information about CPR-time or administered EPI
during the resuscitation were recorded [32], rendering
further comparisons difficult to our experimental study.
Furthermore, human and experimental studies have
shown that a CPP above 15 mmHg markedly increases
the possibility to attain ROSC following defibrillation
[9,10]. Hence, to strive towards a CPP above 15 mmHg
during CPR in order to attain ROSC seems logical. Several
experimental studies have shown that an EPI-induced ele-
vation of CPP leads to a higher probability of subsequent

Table 4 Physiological values of AMSA during 15 minutes of MCC-time

AMSA Nacl AMSA EPI All P-value AMSA EPI 0.02 mg/kg/dose  P-value AMSA EPI 0.03 mg/kg/dose  P-value
MCC 20 s 121 (96-140° 130 (109-160)% 04099 13.0 (11.8-13.0)° 03913 13.1 (106-15.0)° 05752
MCC60s 124 (108-153)° 144 (114-168)" 04990 137 (10.8-17.6) 0.7751 146 (13.0-15.8)° 04288
MCC120s 138 (121-163)° 160 (142-187)° 01974 16.0 (142-19.8)° 0.1779 155 (13.8-17.6)° 03734
MCC180s 147 (133-179° 170 (128-190)% 03749 17.0 (12.8-19.3)° 04877 17.0 (15.3-18.3)° 04288
Inj #1 143 (127-168° 159 (139-167)° 04725 154 (9.7-16.7) 04142 16.1 (13.3-16.7)° 0.6682
Peak #1 147 (11.5-15. 9)b 146  (13.0-16. 2)d 06121 14.6 (13.8-15.9)° 0.7133 14.7 (12.7-16.2) 0.6444
Inj #2 139 (11.0-154° 140 (116-145¢ 08824 14.3 (13.0-14.9) 0.7751 13.8 (11.6-14.3)° 0.6209
Peak #2 135 (104-147)° 125 (11.0-146)% 1.0000 13.1 (11.9-17.5) 0.5956 12.2 (104-13.9)° 0.6682
Inj #3 137 (114-148° 115 (97-138° 02285 11.5 (10.2-20.9) 0.5676 1.2 (95-11.7)° 0.1616
Peak #3 127 (106-155° 125 (11.1-145¢ 09831 13.1 (10.2-20.9) 0.5954 12.2 (11.3-143)° 0.7169
Inj # 4 139 (113-153° 110 (97-135°  0.16% 11.8 (10.5-14.3)° 0.6534 106 (8.8-12.2)° 0.0806
Peak #4 140 (114-153° 110 (89159 08841 16.8 (99-11.1)° 03165 99 (8.8-14.3)° 0.2814

AMSA = amplitude spectral area (mV - Hz), NaCl = saline, EPI

= epinephrine, MCC = Mechanical chest compressions, Inj =

injection,a:n=12,b:n=10,c:n=9,d: n=21,

e: n=6. Peak values at 20, 60, 120, 180 seconds after start of MCC, at each time point of the 4 drug injections (4, 7, 10, 13 minutes after start of MCC) and the
corresponding peak to each injection for NaCl compared to EPI. All values are expressed as median, 25th and 75th interquartile.
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Table 5 Time to peak

Inj #1 Inj #2 Inj #3 Inj #4 P-value
Epinephrine all 51 (32-66)° 53 (41-58)° 49 (41-70) 56 (44-78)° 0392
Epinephrine 0.02 mg/kg/dose 48 (39-49)° 48 (40-52)* 52 (50-60)* 47 (43-59)° 0.440
Epinephrine 0.03 mg/kg/dose 48 (38-60)° 51 (40-56)° 51 (46-62)° 49 (44-65)° 0440

Time duration from drug administration to peak time (seconds) /P,ax of CPP for the 4 different drug injections. Inj = Injection, mg = milligram, kg = kilogram, a; n= 12,

b; n=11, ¢; n=23. All Values are expressed as median, 25th and 75th interquartile.

ROSC [11,12,33]. It is important to stress, that in these
studies only one injection of EPI was administered.

In studies investigating repeated injections of EPI,
Bar-Joseph et al showed a significant increase in CPP
only after the first injection of repeated doses of high
dose EPI (0.1 mg/kg) [22], and Cairns et al showed a
significant increase in CPP only in the animals who
attained ROSC after first EPI injection followed by
defibrillation [21]. We found a significant increase of
CPP in 3 out of 4 injections, however less pronounced
after injection 2 and 3. The studies by Bar-Joseph et al and
Cairns et al used longer periods of untreated VF-period
simulating OHCA, higher doses of EPI and defibrillation
attempts after each injection of EPI [21,22]. Our goal was
to simulate a frequently occurring situation in the coron-
ary catheterisation laboratory, with a short period of
untreated VE, followed by repeated administrations of EPI
in conjunction with defibrillation and resistant VF. As
opposed to the previous studies we administrated doses
of EPI which were closer to those recommended in the
guidelines. In addition, the different periods of untreated
VF time in, previous experimental settings may influence
the metabolic status and consumption of endogenously
produced EPI in the animals at the initiation of CPR,
which in turn may affect the response to EPL. We also
used slightly different CC-techniques and ventilation rates
[21,22], which also may affect the distribution and effect
of administered drugs.

In regards to cardiac pressure and their influence on
the bioelectrical activity during VF a high CPP correlates
to a high AMSA in some studies [13,16]. Similar to our
study, Achleitner et al showed an elevated mean fibrilla-
tion frequency and VF mean amplitude, during basic life
support [23]. On the contrary, AMSA showed an insig-
nificant tendency to decline in the EPI-groups in our
study despite an increase in CPP, similar to previous
findings [23]. Despite different CPR models and EPI dos-
ages, the results in AMSA were similar in previous study
[23] compared to current study. In the present study EPI
was unable to induce a rise in AMSA, despite increased
CPP and therefore it contributed to a successful defi-
brillation in only 7 out of 12 animals in each EPI-
group. A possible explanation for this result may be an
increased resistance resulting in a decreased myocardial
microcirculatory blood flow induced by EPI, which has

also been described in capillaries of the brain [34]. The
lack of effects on AMSA following the repeated doses of
EPI may accordingly be a result of a successively dimin-
ished myocardial tissue perfusion caused by EPI through-
out the experiment. Thus, the initial injections of EPI may
serve a purpose, but repeated injections may not be bene-
ficial and may in fact be detrimental in subjects with VF
who are reasonably circulated with manual CC or MCC.
Further research is needed to determine the optimal dos-
ages and frequency of EPI-injections during CPR.

Limitations

The experimental set up primarily reflects a very specific
in-hospital CA scenario including a prompt response to
a CA with CC followed by a prolonged CPR situation,
for instance in the catheterisation laboratory with a ther-
apy resistant VF and MCC. Since the animals were young,
healthy and without coronary artery disease, it may be dif-
ficult to extrapolate our findings into an unselected pa-
tient category suffering CA. The study was not powered
to evaluate differences in survival. EPI was administered
according to guidelines, and the results should be inter-
preted accordingly. Different regimens of dosage and time
intervals might give different results.

Conclusion

We conclude that repeated intravenous injections of
EPI administered according to resuscitation guidelines
during CA, increases APV after the first injection only
despite an increase in CPP after 3 out of 4 EPI injec-
tions. We found no difference in AMSA values at any
measuring point.

Competing interests

HW and GO have received case based lecture honoraria from Physio-Control
Inc/Jolife AB. BMH is an employee of Physio-Control Inc./Jolife AB. There are
no other competing financial or non-financial interest.

Authors’ contributions

HW participated in the concept and design of the study, drafted the
manuscript, was the main writer and participated in the animal experiments
as well as acquisition and evaluation of data. BMH participated in the
concept and design of the study, participated in the animal experiments,
statistical analysis, acquisition and evaluation of data as well as critical
evaluation of the manuscript. MiG participated in the animal experiments,
acquisition of data and critical evaluation of the manuscript. MR, MaG, and
DZ participated in the animal experiments and critical analysis of the
manuscript. JC was essential for evaluation of AMSA and critical evaluation of
the manuscript. DE was essential for critical evaluation of the manuscript.



Wagner et al. BVIC Cardiovascular Disorders 2014, 14:199
http://www.biomedcentral.com/1471-2261/14/199

GKO participated in the concept and design of the study as well as critical
evaluation of the manuscript. All authors read and approved the final version
of the manuscript.

Acknowledgements
We thank Dr Giuseppe Ristagno for valuable help and contribution in
analysing AMSA.

Funding

The study was funded by the Swedish Heart and Lung Foundation, Thelma
Zoega's Foundation, the Laerdal Foundation, Skane County Council’s
Research and Development Foundation, the Swedish Research Council,
Marianne and Marcus Wallenberg’s Foundation, the Swedish Medical Society
and SUMMIT (part of the Innovative Medicines Initiative within the European
Commission’s Seventh Framework Program).

Author details

'Department of Cardiology, Lund University, Lund, Sweden. 2Physio-Control/
Jolife AB, Ideon Science Park, Lund, Sweden. 3Department of Anesthesiology
and Intensive Care, Lund University, Lund, Sweden.

Received: 20 October 2014 Accepted: 16 December 2014
Published: 20 December 2014

References

1.

2.

Redding JS, Pearson JW: Resuscitation from asphyxia. JAMA 1962,
182:283-286.

Nolan JP, Soar J, Zideman DA, Biarent D, Bossaert LL, Deakin C, Koster RW,
Wyllie J, Bottiger B: European Resuscitation Council Guidelines for
Resuscitation 2010 Section 1. Executive summary. Resuscitation 2010,
81(10):1219-1276.

Neumar RW, Otto CW, Link MS, Kronick SL, Shuster M, Callaway CW,
Kudenchuk PJ, Ornato JP, McNally B, Silvers SM, Passman RS, White RD, Hess
EP, Tang W, Davis D, Sinz E, Morrison LJ: Part 8: adult advanced
cardiovascular life support: 2010 American Heart Association Guidelines
for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
Circulation 2010, 122(18 Suppl 3):5729-5767.

Behringer W, Kittler H, Sterz F, Domanovits H, Schoerkhuber W, Holzer M,
Mullner M, Laggner AN: Cumulative epinephrine dose during
cardiopulmonary resuscitation and neurologic outcome. Ann Intern Med
1998, 129(6):450-456.

Gueugniaud PY, Mols P, Goldstein P, Pham E, Dubien PY, Deweerdt C,
Vergnion M, Petit P, Carli P: A comparison of repeated high doses and
repeated standard doses of epinephrine for cardiac arrest outside the
hospital. European Epinephrine Study Group. N £ngl J Med 1998,
339(22):1595-1601.

Mukoyama T, Kinoshita K, Nagao K, Tanjoh K: Reduced effectiveness
of vasopressin in repeated doses for patients undergoing
prolonged cardiopulmonary resuscitation. Resuscitation 2009,
80(7):755-761.

Olasveengen TM, Sunde K, Brunborg C, Thowsen J, Steen PA, Wik L:
Intravenous drug administration during out-of-hospital cardiac arrest:
a randomized trial. JAMA 2009, 302(20):2222-2229.

Jacobs IG, Finn JC, Jelinek GA, Oxer HF, Thompson PL: Effect of
adrenaline on survival in out-of-hospital cardiac arrest: A
randomised double-blind placebo-controlled trial. Resuscitation 2011,
82(9):1138-1143.

Paradis NA, Martin GB, Rivers EP, Goetting MG, Appleton TJ, Feingold M,
Nowak RM: Coronary perfusion pressure and the return of spontaneous
circulation in human cardiopulmonary resuscitation. JAMA 1990,
263(8):1106-1113.

Niemann JT, Criley JM, Rosborough JP, Niskanen RA, Alferness C: Predictive
indices of successful cardiac resuscitation after prolonged arrest and
experimental cardiopulmonary resuscitation. Ann Emerg Med 1985,
14(6):521-528.

Kern KB, Ewy GA, Voorhees WD, Babbs CF, Tacker WA: Myocardial
perfusion pressure: a predictor of 24-hour survival during prolonged
cardiac arrest in dogs. Resuscitation 1988, 16(4):241-250.

Reynolds JC, Salcido DD, Menegazzi JJ: Coronary perfusion pressure and
return of spontaneous circulation after prolonged cardiac arrest.
Prehosp Emerg Care 2010, 14(1):78-84.

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Page 8 of 9

Marn-Pernat A, Weil MH, Tang W, Pernat A, Bisera J: Optimizing

timing of ventricular defibrillation. Crit Care Med 2001, 29(12):2360-2365.
Noc M, Weil MH, Gazmuri RJ, Sun S, Biscera J, Tang W: Ventricular
fibrillation voltage as a monitor of the effectiveness of cardiopulmonary
resuscitation. J Lab Clin Med 1994, 124(3):421-426.

Povoas HP, Bisera J: Electrocardiographic waveform analysis for predicting
the success of defibrillation. Crit Care Med 2000, 28(11 Suppl)N210-N211.
Reynolds JC, Salcido DD, Menegazzi JJ: Correlation between coronary
perfusion pressure and quantitative ECG waveform measures during
resuscitation of prolonged ventricular fibrillation. Resuscitation 2012,
83(12):1497-1502.

Segal J: Applications of coronary flow velocity during angioplasty

and other coronary interventional procedures. Am J Cardiol 1993,
71(14):17D-25D.

Ofili EO, Labovitz AJ, Kern MJ: Coronary flow velocity dynamics in normal
and diseased arteries. Am J Cardiol 1993, 71(14):3D-9D.

Ninomiya Y, Hamasaki S, Saihara K, Ishida S, Kataoka T, Ogawa M, Orihara K,
Oketani N, Fukudome T, Okui H, Ichiki T, Shinsato T, Kubozono T, Mizoguchi E,
Ichiki H, Tei C: Comparison of effect between nitrates and calcium channel
antagonist on vascular function in patients with normal or mildly diseased
coronary arteries. Heart Vessels 2008, 23(2):83-90.

Wagner H, Madsen Hardig B, Steen S, Sjoberg T, Harnek J, Olivecrona GK:
Evaluation of coronary blood flow velocity during cardiac arrest with
circulation maintained through mechanical chest compressions in a
porcine model. BMC Cardiovasc Disord 2011, 11(1):73.

Cairns CB, Niemann JT: Hemodynamic effects of repeated doses

of epinephrine after prolonged cardiac arrest and CPR:

preliminary observations in an animal model. Resuscitation 1998,
36(3):181-185.

Bar-Joseph G, Weinberger T, Ben-Haim S: Response to repeated equal
doses of epinephrine during cardiopulmonary resuscitation in dogs.
Ann Emerg Med 2000, 35(1):3-10.

Achleitner U, Wenzel V, Stronmenger HU, Krismer AC, Lurie KG, Lindner KH,
Amann A: The effects of repeated doses of vasopressin or epinephrine
on ventricular fibrillation in a porcine model of prolonged
cardiopulmonary resuscitation. Anesth Analg 2000, 90(5):1067-1075.
Brown CG, Werman HA, Davis EA, Hobson J, Hamlin RL: The effects of
graded doses of epinephrine on regional myocardial blood flow

during cardiopulmonary resuscitation in swine. Circulation 1987,
75(2):491-497.

Wagner H, Terkelsen CJ, Friberg H, Harnek J, Kern K, Lassen JF,
Olivecrona GK: Cardiac arrest in the catheterisation laboratory: A
5-year experience of using mechanical chest compressions to
facilitate PCl during prolonged resuscitation efforts. Resuscitation
2010, 81(4):383-387.

Pytte M, Kramer-Johansen J, Eilevstjonn J, Eriksen M, Stromme TA,
Godang K, Wik L, Steen PA, Sunde K: Haemodynamic effects

of adrenaline (epinephrine) depend on chest compression quality

during cardiopulmonary resuscitation in pigs. Resuscitation 2006,
71(3):369-378.

Ristagno G, Tang W, Huang L, Fymat A, Chang YT, Sun S, Castillo C, Weil
MH: Epinephrine reduces cerebral perfusion during cardiopulmonary
resuscitation. Crit Care Med 2009, 37(4):1408-1415.

Otlewski MP, Geddes LA, Pargett M, Babbs CF: Methods for calculating
coronary perfusion pressure during CPR. Cardiovasc Eng 2009,
9(3):98-103.

Olasveengen TM, Wik L, Sunde K, Steen PA: Outcome when adrenaline
(epinephrine) was actually given vs. not given - post hoc analysis of a
randomized clinical trial. Resuscitation 2012, 83(3):327-332.

Mayr VD, Wenzel V, Muller T, Antretter H, Rheinberger K, Lindner KH,
Strohmenger HU: Effects of vasopressin on left anterior descending
coronary artery blood flow during extremely low cardiac output.
Resuscitation 2004, 62(2):229-235.

Ristagno G, Gullo A, Berlot G, Lucangelo U, Geheb E, Bisera J: Prediction of
successful defibrillation in human victims of out-of-hospital cardiac
arrest: a retrospective electrocardiographic analysis. Anaesth Intensive Care
2008, 36(1):46-50.

Ristagno G, Li Y, Fumagalli F, Finzi A, Quan W: Amplitude spectrum area
to guide resuscitation-a retrospective analysis during out-of-hospital
cardiopulmonary resuscitation in 609 patients with ventricular fibrillation
cardiac arrest. Resuscitation 2013, 84(12):1697-1703.



Wagner et al. BVIC Cardiovascular Disorders 2014, 14:199 Page 9 of 9
http://www.biomedcentral.com/1471-2261/14/199

33. Lindberg L, Liao Q, Steen S: The effects of epinephrine/norepinephrine on
end-tidal carbon dioxide concentration, coronary perfusion pressure and
pulmonary arterial blood flow during cardiopulmonary resuscitation.
Resuscitation 2000, 43(2):129-140.

34. Ristagno G, Sun S, Tang W, Castillo C, Weil MH: Effects of epinephrine
and vasopressin on cerebral microcirculatory flows during and
after cardiopulmonary resuscitation. Crit Care Med 2007,
35(9):2145-2149.

doi:10.1186/1471-2261-14-199

Cite this article as: Wagner et al: Repeated epinephrine doses during
prolonged cardiopulmonary resuscitation have limited effects on
myocardial blood flow: a randomized porcine study. BMC Cardiovascular
Disorders 2014 14:199.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central




	Abstract
	Background
	Methods
	Result
	Conclusion

	Background
	Methods
	Animal preparation and monitoring
	Experimental protocol
	Measurements and analysis
	Statistics

	Results
	CPP
	APV
	AMSA
	Time to maximum peak of CPP
	ROSC

	Discussion
	Limitations

	Conclusion
	Competing interests
	Authors’ contributions
	Funding
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


