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Abstract

Introduction: The aim of this study was to conduct a systematic review and meta-analysis for determining the
effects of prehospital adrenaline administration on return of spontaneous circulation, hospital admission, survival to
discharge and discharge with cerebral performance category 1 or 2 in out-of-hospital cardiac arrest patients.

Methods: MEDLINE and Scopus databases were searched to identify studies reported to March 2014. Study
selection and data extraction were independently completed by two reviewers (PA and SR). The baseline
characteristics of each study and number of events were extracted. Risk ratios (RR) and 95% confidence interval (CI)
were estimated. Heterogeneity and publication bias were also explored.

Results: In total 15 studies were eligible and included in the study. Of 13 adult observational studies, four to eight
studies were pooled for each outcome. These yielded a total sample size that ranged from 2,381 to 421,459. A
random effects model suggested that patients receiving prehospital adrenaline were 2.89 times (95% CI: 2.36, 3.54)
more likely to achieve prehospital return of spontaneous circulation than those not administered adrenaline.
However, there were no significant effects on overall return of spontaneous circulation (RR = 0.93, 95% CI: 0.5, 1.74),
admission (RR = 1.05, 95% CI: 0.80, 1.38) and survival to discharge (RR = 0.69, 95% CI: 0.48, 1.00).

Conclusions: Prehospital adrenaline administration may increase prehospital return of spontaneous circulation, but
it does not improve overall rates of return of spontaneous circulation, hospital admission and survival to discharge.
Introduction
Out of hospital cardiac arrest is one of the most urgent
Emergency Medical Service (EMS) priorities, in which only
23% of patients survive to hospital admission [1,2], and
only 7.6% survive to hospital discharge [1,2]. Factors identi-
fied as predictors of survival among out of hospital cardiac
arrest patients include the cardiac arrest being witnessed
by a bystander, arrest witnessed by EMS personnel, initially
shockable cardiac rhythms and bystander cardiopulmonary
resuscitation (CPR) [2]. Administration of adrenaline has
been a part of advanced life support guidelines for decades
[3], for both shockable and non-shockable cardiac rhythms
[4-7], to increase cardiac output and preferentially divert
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blood circulation to the heart and brain during CPR [3].
Animal models indicate that adrenaline administration
significantly increases the probability of return of spontan-
eous circulation (ROSC) [8-11]. However, evidence in
humans is limited, with most studies being observational
studies with inconsistent results on short term outcomes
including ROSC [5,12-18] and hospital admission [5,13,
14,16,18-21]. In addition, inconsistent results were also
found in long-term outcomes such as one-month survival
with good cerebral performance [14,18] and survival to
hospital discharge [5,14,16,18-20].
Although three systematic reviews [22-24] have been

conducted, a more complete review was still required for
the following reasons. One previous review studied a mix
of in- and out-of hospital cardiac arrest patients without
providing any quantitative conclusion [22], and another
systematic review pooled adrenaline effect on survival
to hospital discharge but not for prehospital ROSC [23].
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Finally, Lin et al. conducted a systematic review by includ-
ing only randomized controlled trials (RCTs), which pri-
marily aimed to compare the standard dosages of
adrenaline administration with placebo, vasopressin and
high dosage of adrenaline in out of hospital cardiac arrest
patients [24]. Although those authors found benefit of
adrenaline administration over placebo on ROSC and sur-
vival to admission, the results were based on only one
1686 studies identified from database search
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abstract review
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Figure 1 Flow of selection of studies.
RCT. There have been more studies published since these
reviews were reported. We, therefore, conducted a system-
atic review and meta-analysis focused only on out of hos-
pital cardiac arrest patients, which aimed to determine the
effects of prehospital adrenaline administration on both
short (that is, ROSC, hospital admission) and long term
outcomes (that is, survival to discharge and discharged
with cerebral performance category (CPC) 1 or 2).
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Table 1 Description of study and subject characteristics of included studies

Author, year
[reference]

Country Setting Sample size Study design Type of subject Age group Cardiac
rhythm

Mean age,
year

Male (%) Cardiac
cause (%)

Witnessed by
bystander (%)

Bystander
CPR (%)

AD (mg)

Herlitz , 1994 [20] Sweden EMS 1,222 Cohort M Adult Asystole 66a 69.56 73 50 8.59 -

Dieckmann, 1995 [34] USA EMS 65 Cohort NT Children Mixed 1.51 64.62 - - - -

Herlitz, 1995 [5] Sweden EMS 1,203 Cohort M Adult VF 70a 79.7 - 85 19.7 -

Herlitz, 1995 [19] Sweden EMS 748 Cohort M Adult PEA 71a 67.11 76 75 8 -

Guyette, 2004 [17] USA EMS 298 Cohort NT Adult Mixed 63.5 58.05 - 43.96 28.19 3.8

Ong, 2007 [16] Singapore EMS 681 Cohort NT Adult Mixed 63.3 68.75 - 57.1 19.36 1

Vayrynen, 2008 [21] Findland EMS 789 Cohort M Adult PEA 66.7 61.85 45.75 56.15 23.07 3.8

Yanagawa, 2010 [15] Japan EMS 713 Cohort M Adult Mixed 68 59.89 85 42.5 33.52 -

Jacobs, 2011 [27] Australia EMS 534 RCT M Adult Mixed 63.5 72.85 91.39 48.31 51.12 5

Hagihara, 2012 [12] Japan EMS 417,188 Cohort M Adult Mixed 70 58.95 55.06 40.33 36.1 -

Hayashi, 2012 [13] Japan EMS 3,161 Cohort NT Adult Mixed 73.3 60.2 67.26 100 41.57 -

Machida, 2012 [18] Japan Hospital 492 Cohort M Adult Mixed 64 65.85 34.35 33.94 53.05 -

Nordseth, 2012 [14] Sweden EMS 174 Cohort NT Adult PEA 75a 64.16 56.65 57.23 40.46 -

Neset, 2013 [35] Sweden EMS 233 Cohort NT Adult Mixed 74 57.6 56.7 35.7 45.7 -

Goto, 2013 [36] Japan EMS 209,577 Cohort M Adult Mixed 68a 778.47 86.1 74.89 70.85 -
aMedian. AD, adrenaline; CPR, cardiopulmonary resuscitation; EMS, emergency medical service; M, mixed trauma and non-trauma; NT, non-trauma; PEA, pulseless electrical activity; RCT, randomized controlled trial;
VF, ventricular fibrillation.
*Median.
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Methods
Search strategy
This study followed Meta-Analysis Of Observational
Studies in Epidemiology (MOOSE) guidelines [25]. Be-
cause we worked on public data, neither approval nor
patient consent was required by the Ethics Committee
of the Faculty of Medicine, Ramathibodi Hospital,
Mahidol University. Two reviewers (PA and SR) identi-
fied studies from MEDLINE and Scopus databases since
conception to March 2014 using PubMed and Scopus
search engines. The following search terms were used:
(heart arrest or out of hospital cardiac arrest or ventricular
fibrillation or pulseless electrical activity or PEA or asys-
tole or cardiac arrest) and (epinephrine or adrenaline) and
(return of spontaneous circulation or ROSC or admission
or discharge or death or survival). Studies were firstly se-
lected based on title and abstracts, and full papers were
reviewed to make a final decision on selection.
Any type of study (that is, RCT, quasi-experimental

study, cohort, or cross sectional study) published in
English was selected if it met the following eligibility cri-
teria: studied in patients with out of hospital cardiac ar-
rest, compared clinical outcomes between prehospital
adrenaline and no administration, and had at least one
of these clinical outcomes of interest: ROSC, hospital
admission, survival to hospital discharge, or discharged
with CPC 1 or 2. Studies were excluded if there were in-
sufficient data for pooling and if authors did not provide
additional data after being contacted twice.
The short-term outcomes of interest included ROSC

and hospital admission and the long-term outcomes of
interest were survival to discharge and discharged with
CPC 1 or 2. The ROSC was defined according to indi-
vidual original studies as any sign of spontaneous circu-
lation including palpable pulse or measurable blood
pressure following CPR [13,16,26,27] occurring during
prehospital, at emergency department (ED) arrival, or
in-hospital. Survival to discharge referred to patients
who were still alive at discharge from hospital. Neuro-
logical outcome at discharge was assessed using the
Table 2 Pooling effects of prehospital adrenaline on prehosp

Author, year
[reference]

Sample
size

Adrenaline group

ROSCa n

Yanagawa, 2010 [15] 713 14 58

Hagihara, 2012 [12] 417,188 2,786 15,03

Hayashi, 2012 [13] 3,161 297 1,01

Nordseth, 2012 [14] 174 39 101

Goto, 2013 [36] 209,577 4,563 23,67

Neset, 2013 [35] 223 29 119

Pooled 421,459 3,165 16,32
aPrehospital ROSC. CI, confidence interval; n, number; ROSC, return of spontaneous
Glasgow-Pittsburgh cerebral performance category scale,
which categorizes patients as CPC 1 to 5 as follows:
good performance, moderate, severe, coma/vegetative,
and death, respectively [14,18,26-28].

Data extraction
Data were extracted by two independent reviewers (PA
and SR). Study characteristics (that is, settings, study de-
signs, types of subjects, mean age and percentage of
males) were extracted. In addition, clinical data includ-
ing initial cardiac rhythms, dose and routes of adrenaline
administration, presumed cardiac etiologies, witnessed
cardiac arrest and bystander CPR status were also ex-
tracted. The numbers of subjects who did and did not
experience outcomes of interest among adrenaline ad-
ministration groups were also extracted. Any disagree-
ment was discussed with the senior author (AT).

Risk of bias assessment
The Newcastle-Ottawa Scale for assessing the quality of a
cohort study [29] was modified and used to assess risk of
bias for included cohort studies (see Additional file 1: Table
S2). This tool consists of five items, which are representa-
tive of out of hospital cardiac arrest cohorts, ascertainment
of exposure and outcomes, adjusting for confounders and
missing data. Each item was graded as low or high risk of
bias, and unclear if insufficient information.

Statistical analysis
The effect of adrenaline administration was estimated
for each study using risk ratio (RR) along with its 95%
confidence interval (CI). The RR was pooled across stud-
ies using the random-effect model if heterogeneity was
present [30], otherwise a fixed-effects model was applied.
The criteria for declaring heterogeneity was a P-value of
the Cochrane’s Q statistics <0.1 or I2 25% or higher [31].
Sources of heterogeneity were explored using Galbraith’s
plot and meta-regression analysis. Each potential vari-
able (that is, types of subjects, initial cardiac rhythms
and proportion of witnessed cardiac arrest) was fitted in
ital ROSC

Non-adrenaline group RR (95% CI)

ROSCa n

54 655 2.93 (1.74, 4.94)

0 23.042 402,158 3.24 (3.12, 3.35)

3 287 2,148 2.19 (1.9, 2.53)

14 73 2.01 (1.18, 3.43)

6 8,674 185,901 4.13 (4.0, 4.27)

12 104 2.11 (1.14, 3.92)

1 23,409 405,138 2.89 (2.36, 3.54)

circulation; RR, risk ratio.



Table 3 Pooling effects of prehospital adrenaline on overall ROSC

Author, year
[reference]

Sample
size

Adrenaline group Non-adrenaline group RR (95% CI)

ROSCa n ROSCa n

Herlitz, 1995 [5] 910 164 390 117 520 1.87 (1.53, 2.28)

Guyette, 2004 [17] 298 74 268 18 30 0.46 (0.32, 0.65)

Ong, 2007 [16] 681 45 303 62 378 0.91 (0.64, 1.29)

Machida, 2012 [18] 492 21 49 204 443 0.93 (0.66, 1.31)

Pooled 2,381 304 1,010 401 1,371 0.93 (0.5, 1.75)
aOverall ROSC. CI, confidence interval; n, number; ROSC, return of spontaneous circulation; RR, risk ratio.

(A)

(B)
Figure 2 Forest (A) and funnel plot (B) of pooling of pre-hospital adrenaline effects on prehospital ROSC. AD, adrenaline; N, number of
subjects; Non-AD, non adrenaline; ROSC, return of spontaneous circulation; RR, risk ratio.
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a meta-regression model. A sensitivity analysis was ap-
plied by excluding candidate studies suspected to be a
source of heterogeneity.
Publication bias was assessed using a funnel plot and

Harbord’s test [32]. A contour-enhanced funnel plot was
applied to explore whether there was any cause of asym-
metry due to publication bias or heterogeneity [33]. All
analyses were performed using STATA version 12.0. A
P-value of less than 0.05 was considered as statistically
significant, except for the heterogeneity test in which
0.10 was used.
(A)

(B)

Figure 3 Forest (A) and funnel plot (B) of pooling of prehospital adre
subjects; Non-AD, non adrenaline; ROSC, return of spontaneous circulation;
Results
Eight-hundred and eighty-two studies and 804 studies
were identified, respectively, from PubMed and Scopus,
see Figure 1. Of these, 602 duplicated studies were ex-
cluded, leaving 1,084 studies for screening titles and ab-
stracts. Among them, 1,069 studies did not meet our
eligibility criteria and the reasons have been clearly de-
scribed in Figure 1, leaving 54 studies for review of full
papers. Of these, 39 studies were later excluded, which
finally resulted in 15 studies for inclusion in pooling data
[5,12-21,27,34-36].
naline effects on overall ROSC. AD, adrenaline; N, number of
RR, risk ratio.
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The characteristics of the included studies are de-
scribed in Table 1. Of the 15 eligible studies, 14 were
observational studies and only 1 was a RCT [27]. All
studies were in adult patients except one which included
children [34]. Among 14 adult cohorts, 10 studies
[12-18,35-37] reported ROSC, 8 studies [5,13,14,16,18-21]
reported admission, 7 studies [5,14,16,18-20,35] reported
survival to discharge, and only 2 studies reported dis-
charged with CPC 1 or 2 [14,18]. All studies were EMS
based designs, except one study which was hospital-
based using a hospital cardiac arrest data registry [18].
Only five studies exclusively included patients with
non-trauma [13,14,16,17,35] whereas the others in-
cluded cohorts in which trauma patients were com-
bined with non-trauma cases [5,12,15,18-21,36]. Patients
with specific initial cardiac rhythms were isolated in
five studies, which included three pulseless electrical
activity (PEA) [14,19,21], one asystole [20] and one
ventricular fibrillation [5]. All studies compared admi-
nistration of a standard dose of adrenaline to no
administration. There were four studies [16,17,21,27]
which reported the amount of adrenaline administra-
tion which ranged from 1 to 5 mg. Since there was only
one RCT and one study in children, pooling of the
treatment effect versus no administration focused on
only thirteen adult cohorts.

Risk of bias assessment
Thirteen adult cohort studies were assessed for risk of
bias using the Newcastle-Ottawa scale (see Additional
file 1: Table S3). Eleven studies were low risk of bias for
representativeness of out of hospital cardiac arrest.
There were 11 studies which were graded as low risk of
bias for both ascertainment of adrenaline administration
and outcomes. Nine studies assessed treatment effects
by adjusting confounders, thus they were low risk of
confounding bias. Finally, 10 studies were graded as low
risk of bias for missing data.
Table 4 Pooling effects of prehospital adrenaline on hospital

Author, year
[reference]

Sample
size

Adrenaline group

Admission n

Herlitz, 1994 [20] 1,222 39 34

Herlitz, 1995 [5] 1,203 150 41

Herlitz, 1995 [19] 748 41 27

Ong, 2007 [16] 681 23 30

Vayrynen, 2008 [21] 789 198 70

Hayashi, 2012 [13] 3,161 432 1,01

Machida, 2012 [18] 492 18 49

Nordseth, 2012 [14] 174 49 10

Pooled 8,470 950 3,20
Return of spontaneous circulation
Prehospital ROSC
Six adult cohorts [12-15,35,36] were included for pooling
adrenaline administration effects on prehospital ROSC
with sample sizes of 16,321 for adrenaline and 405,138
for non-adrenaline groups, see Table 2. The prehospital
adrenaline effect was highly heterogeneous across studies
(Q = 153.2, d.f. = 5, P <0.001 , I2 = 96.7%), see Figure 2A
and Table 2. A random-effects model was applied and
yielded a pooled RR of 2.89 (95% CI: 2.36, 3.54), indicating
that a patient receiving prehospital adrenaline was 2.89
times more likely to experience prehospital ROSC than
one not receiving prehospital adrenaline.
Galbraith plot and meta-regression suggested that type

of subjects (non-trauma or mixed non-trauma with
trauma) and arrest witnessed by bystander might be
sources of heterogeneity (data not shown). Thus, a sub-
group analysis was performed next by types of subjects
(that is, non-trauma only [13,14,35] and mixed trauma
and non-trauma cases [12,15,36]). Treatment effect was
homogeneous among non-trauma cases (Q = 0, d.f. = 2,
P <0.95, I2 = 0%), but it was still highly varied among
mixed cases (Q = 97, d.f. = 2, P <0.001, I2 = 97.9%). The
pooled RRs for these two subgroups were 2.18 (95% CI:
1.9, 2.49) and 3.55, 95% CI: 2.84, 4.44), respectively.
A funnel plot showed a departure from symmetry of the

funnel (see Figure 2B), but this was not detected by the
Harbord’s test (coefficient = −7.92, P = 0.134). However, a
contour-enhanced funnel plot was constructed to explore
any cause of asymmetry (see Additional file 1: Figure S1).
This suggested that all studies fell in the significant
area indicating that asymmetry of the funnel was more
likely due to missing studies (that is, publication bias)
than heterogeneity.

Overall return of spontaneous circulation
The effect of prehospital adrenaline on overall ROSC
was pooled based on four studies with a total sample
admission

Non-adrenaline group RR (95% CI)

Admission n

4 51 878 1.95 (1.31, 2.91)

7 283 786 1.0 (0.85, 1.17)

6 55 472 1.28 (0.88, 1.86)

3 28 378 1.03 (0.6, 1.74)

3 54 86 0.45 (0.37, 0.55)

3 881 2,148 1.04 (0.95, 1.14)

155 443 1.05(0.71, 1.54)

1 25 73 1.42 (0.97, 2.06)

6 1,532 5,264 1.05 (0.8, 1.38)
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size of 2,381 [5,16-18], see Table 3. The adrenaline effect
was highly heterogeneous (Q = 52.57, d.f. = 3, P <0.001,
I2 = 94.3%) with a pooled RR of 0.93 (95% CI: 0.5, 1.74),
see Table 3 and Figure 3A. This suggested no effect
of prehospital adrenaline on achieving overall ROSC.
No source of heterogeneity could be identified from
Galbraith’s plot or meta-regression analysis.
There was evidence of asymmetry from the funnel plot

and the Harbord’s test (coefficient = −9.27, P = 0.005),
see Figure 3B. The contour enhanced funnel plot
showed that 50% of the studies fell in both significant
(A)

(B)
Figure 4 Forest (A) and funnel plot (B) of pooling of prehospital adre
number of subjects; Non-AD, non adrenaline; RR, risk ratio.
and non-significant areas, indicating heterogeneity was
most likely the cause of asymmetry of the funnel (see
Additional file 1: Figure S2).

Hospital admission
Eight observational studies assessed the association of pre-
hospital adrenaline administration and hospital admission
[5,13,14,16,18-21]. The effect of adrenaline highly varied
across studies (Q = 77.08, d.f. = 7, P <0.001, I2 = 90.9%)
with a pooled RR of 1.05 (95% CI:0.80, 1.38), which was
not statistically significant, see Table 4 and Figure 4A.
naline effects on overall hospital admission. AD, adrenaline; N,
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A sensitivity analysis was performed by excluding the
study [21] which included only non-trauma patients with
pulseless electrical activity. The degree of heterogeneity
decreased substantially (Q = 12.91, d.f. = 6, P = 0.045,
I2 = 53.5%) and with a pooled RR of 1.15 (95% CI: 1.00,
1.34). Excluding another study [20] which included only
patients with asystole did not improve the degree of he-
terogeneity (Q = 65.01, d.f. =6, P <0.001, I2 = 90.8%).
The funnel plot showed a little asymmetry of the

funnel, which corresponded with the Harbord’s test
(coefficient = 0.03, P = 0.988), see Figure 4B. A contour-
enhanced funnel plot showed that most studies fell in
the non-significant area, suggesting that asymmetry was
more likely due to heterogeneity (see Additional file 1:
Figure S3).

Survival to discharge
Data of seven cohorts [5,14,16,18-20,35] were used for
pooling effects of prehospital adrenaline administration
on survival to discharge, see Table 5. The pooled RR was
0.69 (95% CI: 0.48, 1.00) with a moderate degree of het-
erogeneity (Q = 9.1, d.f. = 6, P = 0.049, I2 = 34.1%), see
Table 5 and Figure 5A. This suggested that receiving
prehospital adrenaline yielded about a 31% lower chance
of discharge alive, but this was of borderline significance.
There was no evidence of asymmetry of the funnel
as suggested by the Harbord’s test (coefficient = −0.37,
P = 0.697) and the funnel plot, see Figure 5B.

Discussion
We performed a systematic review and meta-analysis to
assess the effects of prehospital administration of adren-
aline on short-term (that is, ROSC and hospital admis-
sion) and long term out of hospital cardiac arrest
outcomes (that is, survival to discharge and discharge with
CPC 1 or 2) relative to no administration. Pooled treat-
ment effects were performed based on four to eight adult
cohorts with total sample sizes of 2,381 to 421,459. Our
results indicated that receiving prehospital adrenaline
Table 5 Pooling effects of prehospital adrenaline on discharg

Author, year
[reference]

Sample
size

Adrenaline group

Discharge n

Herlitz, 1994 [20] 1,222 7 34

Herlitz, 1995 [5] 1,,203 50 41

Herlitz, 1995 [19] 748 4 27

Ong, 2007 [16] 681 1 30

Machida, 2012 [18] 492 8 49

Nordseth, 2012 [14] 174 1 10

Neset, 2013 [35] 223 14 11

Pooled 4,743 85 1,5
significantly increased prehospital ROSC, but did not in-
crease the overall ROSC, hospital admission, or survival to
hospital discharge. However, the treatment effects on pre-
hospital ROSC may be prone to bias from missing studies.
Administration of adrenaline during CPR causes con-

striction of peripheral vessels, which subsequently in-
creases coronary and cerebral perfusion pressure [3].
Our findings support the effect of adrenaline in increa-
sing prehospital ROSC, which is similar to a previous
RCT [27] and systematic reviews by Lin et al. [24]. How-
ever, our effect size was more precise than the finding by
Lin et al. because the pooling was based on a larger
number of included studies than Lin et al., which was
based on only one study. In addition, our findings also
suggested the adrenaline effect on ROSC in both non-
trauma and the mix of trauma and non-trauma cases, al-
though the latter was highly heterogeneous. However,
there was no adrenaline effect on overall ROSC, which
might be due to variation in the definition and time of
ROSC assessment, that is, prehospital, ED, and admis-
sion [12,14,18,19,28,36]. Assessing ROSC at the ED or
on admission could be very different compared to pre-
hospital ROSC because of the quality of CPR, type of fa-
cility, and personnel and equipment used.
No other long term effects (that is, hospital admission

and survival to discharge) of prehospital adrenaline were
identified. This suggests that adrenaline itself may only
have efficacy for inducing prehospital ROSC. Ultimately,
survival to hospital discharge is determined more by the
underlying clinical condition of the patient; for example,
a patient with acute myocardial infarction may be more
likely to survive than a patient with end stage respiratory
disease, and yet most studies [5,14,18] did not report the
underlying diagnoses which leads to difficulties in inter-
preting the results. In addition, adrenaline is intrinsically
a short acting cardiovascular stimulant, which has a lim-
ited half-life, and it may be less likely to have a signifi-
cant effect on long term outcomes for this reason [3].
Assessing treatment effects without adjusting for these
e alive

Non-adrenaline group RR (95% CI)

Discharge n

4 13 878 1.37 (0.55, 3.42)

7 149 786 0.63 (0.47, 0.85)

6 12 472 0.57 (0.19, 1.75)

3 10 378 0.13 (0.02, 0.97)

64 443 1.13 (0.58, 2.22)

1 4 73 0.18 (0.02, 1.58)

9 21 104 0.58 (0.31, 1.09)

28 74 3,134 0.69 (0.48, 1.00)



(A)

(B)
Figure 5 Forest (A) and funnel plot (B) of pooling of prehospital adrenaline effects on survival to discharge. AD, adrenaline; D/C, survival
to discharge; N, number of subjects; Non-AD, non adrenaline; RR, risk ratio.
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factors, as was the case for the included studies, may
bias the results.
Our study has a number of strengths. We pooled treat-

ment effects on most relevant clinical short- and long-
term outcomes. We attempted to identify the most rele-
vant studies by two independent reviewers using defined
search terms and strategies in order to reduce selection
bias. Exhaustive searching of the literature resulted in the
number of included studies from four to eight cohorts. Al-
though the number of included studies is still small, but, it
is larger than a previous systematic review [22], which
included five studies [5,16,27,38,39] with different study
designs. We explored possible sources of heterogeneity by
considering whether a bystander witnessed the arrest,
types of subjects and initial cardiac rhythms in a meta-
regression. In addition, an attempt was made to distin-
guish the cause of asymmetry of funnel plots to determine
if this was due to heterogeneity or missing studies.
However, our study has some weaknesses. Firstly, our

results might be subject to some bias because pooled
effects were based on only observational studies, which
could not adjust for several known and unknown
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confounders. The most suitable study design is a RCT
with a proper sample size, say approximately 4,500 sub-
jects in total to detect a difference of prehospital ROSC
rate of 2.5. Secondly, a subgroup analysis could not be
flexibly done because of the small number of included
studies. Thirdly, insufficient information on study char-
acteristics resulted in limited exploration of sources of
heterogeneity. Finally, we did not pool more relevant
clinical outcomes (that is, sustained ROSC and discharge
with CPR 1 or 2) because data were not available.

Conclusions
In summary, prehospital adrenaline administration
might increase prehospital ROSC, but not for survival to
discharge in out of hospital cardiac arrest patients. How-
ever, our findings might be subject to bias from missing
studies.

Key messages

� Currently, there was only one RCT which compared
prehospital adrenaline administration versus placebo
among out of hospital cardiac arrest patients.

� Receiving prehospital adrenaline significantly
increased prehospital ROSC, but not for overall
ROSC, hospital admission, and survival to discharge.

Additional file

Additional file 1: This file contains Table S1. Search strategy,
Table S2. Modified Newcastle-Ottawa quality assessment scale for
cohort studies, Table S3. Risk of bias assessment for cohort study,
Figure S1. Contour-enhanced funnel plot of prehospital adrenaline
effect on prehospital ROSC, Figure S2. Contour-enhanced funnel plot
of prehospital adrenaline effect on overall ROSC, Figure S3. Contour-
enhanced funnel plot of prehospital adrenaline effect on hospital
admission, Figure S4. Contour-enhanced funnel plot of prehospital
adrenaline effect on survival to discharge.

Abbreviations
AD: adrenaline; 95% CI: 95% confidence interval; CPC: cerebral performance
category; CPR: cardiopulmonary resuscitation; ED: emergency department;
EMS: emergency medical service; M: mixed trauma and non-trauma cases;
MOOSE: Meta-analysis Of Observational Studies in Epidemiology; NT:
non-trauma cases; OHCA: out of hospital cardiac arrest; PEA: pulseless
electrical activity; RCT: randomized controlled trial; ROSC: return of
spontaneous circulation; RR: relative risk; VF: ventricular fibrillation.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
PA was responsible for the idea initiative, conception of the study design,
study selection, data extraction, risk of bias assessment, data analysis, result
interpretation and drafting the manuscript. SR participated in the conception
of the study design, study selection, data extraction, risk of bias assessment,
data analysis, result interpretation and drafting the manuscript. MM was
involved in the conception of the study design, result interpretation, drafting
the manuscript and critical review of the manuscript. CG participated in the
conception of the study design, result interpretation, drafting the manuscript
and critical review of the manuscript. YS contributed to the conception of
the study design, result interpretation, drafting the manuscript and critical
review of the manuscript. AT participated in the conception of the study
design, risk of bias assessment, data analysis, result interpretation, drafting
the manuscript and critical review of the manuscript. All authors read and
approved the final manuscript.
Acknowledgements
We would like to thank Trond Nordseth for providing essential information.
This manuscript is an important part of the training of Dr. Pongsakorn
Atiksawedparit who is a Ph.D. student in Clinical Epidemiology in the Faculty
of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand.

Author details
1Section for Clinical Epidemiology and Biostatistics, Faculty of Medicine,
Ramathibodi Hospital, Mahidol University, 270 Rama VI Road, Toong Phaya
Thai, Ratchathewi, Bangkok 10400, Thailand. 2Department of Emergency
Medicine, Faculty of Medicine, Ramathibodi Hospital, Mahidol University,
Bangkok, Thailand. 3Centre for Clinical Epidemiology and Biostatistics, The
University of Newcastle, Newcastle, NSW, Australia. 4Accident and Emergency
Medicine Academic Unit, Prince of Wales Hospital, The Chinese University of
Hong Kong, Sha Tin, New Territories, Hong Kong.

Received: 5 April 2014 Accepted: 18 July 2014
Published: 31 July 2014
References
1. Boyd TS, Perina DG: Out-of-hospital cardiac arrest. Emerg Med Clin North

Am 2012, 30:13–23.
2. Sasson C, Rogers MA, Dahl J, Kellermann AL: Predictors of survival from

out-of-hospital cardiac arrest: a systematic review and meta-analysis.
Circ Cardiovasc Qual Outcomes 2010, 3:63–81.

3. Morrison LJ, Deakin CD, Morley PT, Callaway CW, Kerber RE, Kronick SL,
Lavonas EJ, Link MS, Neumar RW, Otto CW, Parr M, Shuster M, Sunde K,
Peberdy MA, Tang W, Hoek TL, Bottiger BW, Drajer S, Lim SH, Nolan JP:
Part 8: advanced life support: 2010 international consensus on
cardiopulmonary resuscitation and emergency cardiovascular care science
with treatment recommendations. Circulation 2010, 122:S345–S421.

4. Berg RA, Hemphill R, Abella BS, Aufderheide TP, Cave DM, Hazinski MF,
Lerner EB, Rea TD, Sayre MR, Swor RA: Part 5: adult basic life support: 2010
American Heart Association guidelines for cardiopulmonary resuscitation
and emergency cardiovascular care. Circulation 2010, 122:S685–S705.

5. Herlitz J, Ekstrom L, Wennerblom B, Axelsson A, Bang A, Holmberg S:
Adrenaline in out-of-hospital ventricular fibrillation. Does it make any
difference? Resuscitation 1995, 29:195–201.

6. Holmberg M, Holmberg S, Herlitz J: Low chance of survival among patients
requiring adrenaline (epinephrine) or intubation after out-of-hospital
cardiac arrest in Sweden. Resuscitation 2002, 54:37–45.

7. Wenzel V, Krismer AC, Arntz HR, Sitter H, Stadlbauer KH, Lindner KH: A
comparison of vasopressin and epinephrine for out-of-hospital
cardiopulmonary resuscitation. N Engl J Med 2004, 350:105–113.

8. Angelos MG, Butke RL, Panchal AR, Torres CA, Blumberg A, Schneider JE,
Aune SE: Cardiovascular response to epinephrine varies with increasing
duration of cardiac arrest. Resuscitation 2008, 77:101–110.

9. Angelos MG, DeBehnke DJ: Epinephrine and high-flow reperfusion after
cardiac arrest in a canine model. Ann Emerg Med 1995, 26:208–215.

10. Chen MH, Lu JY, Xie L, Zheng JH, Song FQ: What is the optimal dose of
epinephrine during cardiopulmonary resuscitation in a rat model?
Am J Emerg Med 2010, 28:284–290.

11. Mauch J, Ringer SK, Spielmann N, Weiss M: Intravenous versus
intramuscular epinephrine administration during cardiopulmonary
resuscitation - a pilot study in piglets. Paediatr Anaesth 2013, 23:906–912.

12. Hagihara A, Hasegawa M, Abe T, Nagata T, Wakata Y, Miyazaki S:
Prehospital epinephrine use and survival among patients with out-
of-hospital cardiac arrest. JAMA 2012, 307:1161–1168.

13. Hayashi Y, Iwami T, Kitamura T, Nishiuchi T, Kajino K, Sakai T, Nishiyama C,
Nitta M, Hiraide A, Kai T: Impact of early intravenous epinephrine
administration on outcomes following out-of-hospital cardiac arrest.
Circ J 2012, 76:1639–1645.

14. Nordseth T, Olasveengen TM, Kvaløy JT, Wik L, Steen PA, Skogvoll E:
Dynamic effects of adrenaline (epinephrine) in out-of-hospital cardiac

http://www.biomedcentral.com/content/supplementary/1120529846126077_MOESM1_ESM.docx


Atiksawedparit et al. Critical Care 2014, 18:463 Page 12 of 12
http://ccforum.com/content/18/4/463
arrest with initial pulseless electrical activity (PEA). Resuscitation 2012,
83:946–952.

15. Yanagawa Y, Sakamoto T: Analysis of prehospital care for cardiac arrest in
an urban setting in Japan. J Emerg Med 2010, 38:340–345.

16. Eng Hock Ong M, Tan EH, Ng FSP, Panchalingham A, Lim SH, Manning PG,
Ong VY, Lim SH, Yap S, Tham LP, Ng KS, Venkataraman A: Survival
outcomes with the introduction of intravenous epinephrine in the
management of out-of-hospital cardiac arrest. Ann Emerg Med 2007,
50:635–642.

17. Guyette FX, Guimond GE, Hostler D, Callaway CW: Vasopressin
administered with epinephrine is associated with a return of a pulse in
out-of-hospital cardiac arrest. Resuscitation 2004, 63:277–282.

18. Machida M, Miura SI, Matsuo K, Ishikura H, Saku K: Effect of intravenous
adrenaline before arrival at the hospital in out-of-hospital cardiac arrest.
J Cardiol 2012, 60:503–507.

19. Herlitz J, Ekström L, Wennerblom B, Axelsson Å, Bång A, Holmberg S:
Survival among patients with out-of-hospital cardiac arrest found in
electromechanical dissociation. Resuscitation 1995, 29:97–106.

20. Herlitz J, Ekstrom L, Wennerblom B, Axelsson A, Bang A, Holmberg S:
Predictors of early and late survival after out-of-hospital cardiac arrest in
which asystole was the first recorded arrhythmia on scene. Resuscitation
1994, 28:27–36.

21. Vayrynen T, Kuisma M, Maatta T, Boyd J: Who survives from out-of-hospital
pulseless electrical activity? Resuscitation 2008, 76:207–213.

22. Larabee TM, Liu KY, Campbell JA, Little CM: Vasopressors in cardiac arrest:
a systematic review. Resuscitation 2012, 83:932–939.

23. Patanwala AE, Slack MK, Martin JR, Basken RL, Nolan PE: Effect of
epinephrine on survival after cardiac arrest: a systematic review and
meta-analysis. Minerva Anestesiol 2013, 80:831–843.

24. Lin S, Callaway CW, Shah PS, Wagner JD, Beyene J, Ziegler CP, Morrison LJ:
Adrenaline for out-of-hospital cardiac arrest resuscitation: a systematic
review and meta-analysis of randomised controlled trials. Resuscitation
2014, 85:732–740.

25. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, Moher D,
Becker BJ, Sipe TA, Thacker SB: Meta-analysis of observational studies in
epidemiology: a proposal for reporting. Meta-analysis of Observational
Studies in Epidemiology (MOOSE) group. JAMA 2000, 283:2008–2012.

26. Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, Cassan P, Coovadia
A, D'Este K, Finn J, Halperin H, Handley A, Herlitz J, Hickey R, Idris A, Kloeck
W, Larkin GL, Mancini ME, Mason P, Mears G, Monsieurs K, Montgomery W,
Morley P, Nichol G, Nolan J, Okada K, Perlman J, Shuster M, Steen PA,
Sterz F, et al: Cardiac arrest and cardiopulmonary resuscitation outcome
reports: update and simplification of the Utstein templates for
resuscitation registries. A statement for healthcare professionals from a
task force of the international liaison committee on resuscitation
(American Heart Association, European Resuscitation Council, Australian
Resuscitation Council, New Zealand Resuscitation Council, Heart and
Stroke Foundation of Canada, InterAmerican Heart Foundation,
Resuscitation Council of Southern Africa). Resuscitation 2004, 63:233–249.

27. 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, 82:1138–1143.

28. Cummins RO, Chamberlain DA, Abramson NS, Allen M, Baskett PJ, Becker L,
Bossaert L, Delooz HH, Dick WF, Eisenberg MS: Recommended guidelines
for uniform reporting of data from out-of-hospital cardiac arrest: the
Utstein style. A statement for health professionals from a task force of
the American Heart Association, the European Resuscitation Council, the
Heart and Stroke Foundation of Canada, and the Australian Resuscitation
Council. Circulation 1991, 84:960–975.

29. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. Available at: http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp.

30. DerSimonian R, Laird N: Meta-analysis in clinical trials. Control Clin Trials
1986, 7:177–188.

31. Higgins JP, Thompson SG, Deeks JJ, Altman DG: Measuring inconsistency
in meta-analyses. BMJ 2003, 327:557–560.

32. Harbord RM, Harris RJ, Sterne JA: Updated tests for small-study effects in
meta-analyses. Stata J 2009, 9:197–210.

33. Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L: Contour-enhanced
meta-analysis funnel plots help distinguish publication bias from other
causes of asymmetry. J Clin Epidemiol 2008, 61:991–996.
34. Dieckmann RA, Vardis R: High-dose epinephrine in pediatric out-of-
hospital cardiopulmonary arrest. Pediatrics 1995, 95:901–913.

35. Neset A, Nordseth T, Kramer-Johansen J, Wik L, Olasveengen TM: Effects of
adrenaline on rhythm transitions in out-of-hospital cardiac arrest.
Acta Anaesthesiol Scand 2013, 57:1260–1267.

36. Goto Y, Maeda T, Goto YN: Effects of prehospital epinephrine during
out-of-hospital cardiac arrest with initial non-shockable rhythm: an
observational cohort study. Crit Care 2013, 17:R188.

37. White RD, Hankins DG, Bugliosi TF: Seven years' experience with early
defibrillation by police and paramedics in an emergency medical
services system. Resuscitation 1998, 39:145–151.

38. 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, 302:2222–2229.

39. Woodhouse SP, Cox S, Boyd P, Case C, Weber M: High dose and standard
dose adrenaline do not alter survival, compared with placebo, in cardiac
arrest. Resuscitation 1995, 30:243–249.

doi:10.1186/s13054-014-0463-7
Cite this article as: Atiksawedparit et al.: Effects of prehospital adrenaline
administration on out-of-hospital cardiac arrest outcomes: a systematic
review and meta-analysis. Critical Care 2014 18:463.
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

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Search strategy
	Data extraction
	Risk of bias assessment
	Statistical analysis

	Results
	Risk of bias assessment
	Return of spontaneous circulation
	Prehospital ROSC

	Overall return of spontaneous circulation
	Hospital admission
	Survival to discharge

	Discussion
	Conclusions
	Key messages
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	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


