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Abstract

Background Over the past decades, international guidelines for cardiopulmonary resuscitation (CPR) have changed
the recommendation for alternative routes for drug administration. Until now, evidence for the substantial superiority
of one route with respect to treatment outcome after CPR has been lacking. The present study compares the effects
of intravenous (IV), intraosseous (I0) and endotracheal (ET) adrenaline application during CPR in out-of-hospital
cardiac arrest (OHCA) on clinical outcomes within the database of the German Resuscitation Registry (GRR).

Methods This registry analysis was based on the GRR cohort of 212,228 OHCA patients between 1989 and 2020.
Inclusion criteria were: OHCA, application of adrenaline, and out-of-hospital CPR. Excluded from the study were
patients younger than 18 years, those who had trauma or bleeding as suspected causes of cardiac arrest, and
incomplete data sets. The clinical endpoint was hospital discharge with good neurological outcome [cerebral
performance category (CPC) 1/2]. Four routes of adrenaline administration were compared: IV, 10, IO+ 1V, ET+ V. Group
comparisons were done using matched-pair analysis and binary logistic regression.

Results In matched-pair group comparisons of the primary clinical outcome hospital discharge with CPC 1/2,

the IV group (n=2416) showed better results compared to IO (n=1208), [odds ratio (OR): 2.43, 95% confidence
interval (Cl): 1.54-3.84, p<0.01] and when comparing IV (n=8706) to I0+1V (n=4353), [OR: 1.33,95% Cl: 1.12-1.59,

p <0.01]. In contrast, no significant difference was found between IV (n=532) and ET+1V (n=266), [OR: 1.26, 95%

Cl: 0.55-2.90, p=0.59]. Concurrently, binary logistic regression yielded a highly significant effect of vascular access
type (x> = 67.744(3), p < 0.001) on hospital discharge with CPC1/2, with negative effects for IO (regression coefficient
(rc)=—0.766, p=0.001) and I0+IV (rc. = —=0.201, p=0,028) and no significant effect for ET+IV (r.c.=0.117,p=0.770)
compared to IV.
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Conclusions The GRR data, collected over a period of 31 years, seem to emphasize the relevance of an IV access
during out-of-hospital CPR, in the event that adrenaline had to be administered. IO administration of adrenaline might
be less effective. ET application, though removed in 2010 from international guidelines, could gain importance as an

alternative route again.

Keywords Out-of-hospital cardiac arrest, Adrenaline, Route of drug administration, Intravenous access, Intraosseous

access, Endotracheal access

Introduction

Sudden out-of-hospital cardiac arrest (OHCA) is the
third leading cause of death in Europe [1]. According to
the results of the European Registry of Cardiac Arrest
(EuReCa) ONE trial, 30-day survival is at 10% [1]. The
three-month EuReCa TWO trial showed for data of
25,171 patients an OHCA incidence of 56 per 100,000
inhabitants, with a return of spontaneous circulation
(ROSC) rate of 33% and a hospital discharge rate of 8%
[2].

According to the international guidelines for advanced
life support (ALS) by the European Resuscitation Council
(ERC), the administration of adrenaline (epinephrine) is
part of recommended standard actions during cardiopul-
monary resuscitation (CPR) for both shockable rhythms
(ventricular fibrillation and pulseless ventricular tachy-
cardia) and non-shockable rhythms (asystole and pulse-
less electrical activity) in the out-of-hospital setting [3].

However, it remains unclear through which route of
administration adrenaline seems to be most beneficial for
overall survival and clinical outcome after OHCA. The
gold standard for adrenaline application is the intrave-
nous (IV) access [3], while the intraosseous (I0) access
provides an alternative route. For Germany, a national
guideline is available for IO infusion within emergency
settings [4]. Therefore, in order to ensure quick drug
and fluid resuscitation despite insufficient venous condi-
tions, nearly all out-of-hospital rescue vehicles have been
equipped with IO access devices. In 2010, endotracheal
administration (ET) was removed from international
recommendations.

IO devices have thus been established as effective
tools in various emergency settings. However, due to
the obvious ethical and practical limitations that come
with researching CPR, evidence remains scarce as to the
effects of various routes of drug administration during
CPR within the particularly demanding setting of OHCA.

Therefore, this study analyzes the available registry
data from the German Resuscitation Registry (GRR) to
determine whether application routes are associated with
effects on clinical outcomes, namely ROSC and survival
with good neurological outcome. The results will allow
for international comparisons with other physician-based
emergency medical systems (EMS). Additionally, the
analysis of a currently not recommended route — endo-
tracheal administration — will be provided.

Materials and methods

German resuscitation Registry

This study was designed as a registry analysis of all
OHCA compiled in the GRR between 1989 and 2020.
The GRR is a prospective registry, maintained by the
German Society of Anesthesiology and Intensive Care
Medicine. It covers 30 million inhabitants in Germany
[5] and 1.2 million inhabitants in Austria (unpublished
for 2020) with comparable physician-based out-of-hos-
pital emergency health care systems [6]. All participating
EMS dispatch both paramedic-staffed ambulances and
physician-staffed vehicles to suspected OHCA cases. The
design of the GRR follows the Utstein style [7]. Registry
participation is voluntary. Data entries are carried out by
EMS physicians or other EMS staff and have to be cleared
by the responsible chief medical officer. In order to main-
tain overall database consistency and to minimize selec-
tion bias, only data from ambulance services meeting
the following criteria were added to the present analysis:
yearly OHCA prevalence of at least 30 per 100,000 inhab-
itants, mean ROSC rate under 80%, ROSC after cardiac
arrest (RACA) score availability above 60%, follow-up
data documenting post-admission outcomes for at least
30% of cases. The RACA score [8] provides one method
to assess the likelihood for ROSC after cardiac arrest.
Cases from ambulance services not meeting the quality
criteria were excluded from further analysis, especially
when long-term outcome could not be assessed due to
lacking follow-up data.

Inclusion criteria
The analysis was based on 212,228 anonymous data sets
of adult patients with OHCA. Further inclusion criteria
were CPR — independent of the initiation by bystanders
or EMS personnel — and the administration of adrenaline
by EMS (Fig. 1).

Exclusion criteria

The exclusion criteria were age<18 years, trauma or
bleeding as suspected causes of cardiac arrest and incom-
plete data sets (Fig. 1).

Primary and secondary endpoints
Primary endpoint: discharge with good neurological out-
come, defined as cerebral performance category (CPC) 1
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OHCA between 1989 and 2020
(n =212228)

} No CPR by EMS physician

v

(n = 83924)

CPR and dispatch of EMS physician
(n =128304)

v

} OHCA due to trauma or bleeding
(n =6190)

No trauma or bleeding
(n=122114)

1 } Age < 18 years
+ (n=1719)
Age = 18 years
(n =120395)
T } No use of epinephrine
+ (n = 32434)
Documented administration of epinephrine
(n=87961)
Y } Incomplete follow-up data
+ (n = 50855)

Complete data set
(n =37106)

Fig. 1 Inclusion and exclusion criteria. OHCA: out-of-hospital cardiac arrest, CPR: cardiopulmonary resuscitation, EMS: emergency medical service

Table 1 Outcome Parameters

Primary Endpoint:

- Discharge with good neurological outcome (CPC 1 or 2)
Secondary Endpoints:

+ ROSC during out-of-hospital care

« Survival (ROSC) at hospital admission or admission under ongoing
CPR

« 24 h survival

- Survival at hospital discharge or 30d-survival

Additional Parameters:

«age (years)

- gender (m/f/n)

- etiology of cardiac arrest (non-traumatic vs. traumatic)

« witness of cardiac arrest (no witness, lay-person, EMS personnel)
«initial heart rhythm (v-fib,v-tach, asystole, PEA)

- bystander-CPR (yes/no)

« EMS response time (minutes) in groups

- duration of resuscitation (EMS on-site arrival until hospital admission
in minutes)

- out-of-hospital administration of medication (e.g. adrenaline,
amiodarone) with dose, frequency and route (IV, IO, ET, IO+1V, ET+1V,
IO+ET+1V)

or 2 (Table 1). Secondary endpoints: ROSC during out-
of-hospital care, survival at hospital admission or admis-
sion under ongoing CPR, 24 h survival, and survival at
hospital discharge or 30 day survival.

Additional parameters

The following data were also acquired and used for
inclusion, exclusion and risk-adjusted pair-matching:
age (years), sex (male, female), etiology of cardiac arrest
(non-traumatic, traumatic), pre-emergency status (no/
minor/major/severe/unknown prior disease), initial
heart rhythm (ventricular fibrillation, ventricular tachy-
cardia, asystole, pulseless electrical activity), bystander-
CPR (yes, no), EMS response time (minutes), duration of
resuscitation (EMS on-site arrival until hospital admis-
sion in minutes), out-of-hospital administration of medi-
cation (e.g. adrenaline, amiodarone) with dose, frequency
and route (IV, IO, ET, IO+1V, ET+1V, IO+ET+1V), del-
taROSC: the difference between observed ROSC and
ROSC after cardiac arrest (RACA) score [8].
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Group definitions

Patients were pooled in four groups regarding the route
of adrenaline administration: IV access, IO access, 10
followed by IV access (IO+1V), and ET followed by IV
access (ET+IV). Outcomes were analyzed for three
group contrasts after risk-adjustment through pair-
matching: IV vs. IO, IV vs. IO+1V, and IV vs. ET +1IV.

Data processing and statistical analysis

Anonymous registry entries were processed in Microsoft
Excel 365 MSO 16.0 64-Bit (Microsoft, Redmond, WA)
and analyzed with IBM SPSS Statistics 26 (IBM, Armonk,
NY), using Student’s two-sided t-test for parametric data
and the y*-test for non-parametric variables. Statistical
significance was assumed for p-values below or equal
0.05.

In order to minimize confounding and selection bias,
group comparisons were performed by matched-pair
analysis including the following variables, known to affect
clinical outcome after OHCA [8]: time from emergency
call to arrival of EMS, percentage of shockable rhythms
(ventricular fibrillation or ventricular tachycardia), asys-
tole, cardiogenic cause, hypoxia, OHCA witnessed by
bystander, OHCA witnessed by EMS, bystander CPR,
age above 80 years, age between 18 and 65 years, OHCA
in public or at doctor’s office, OHCA at home, OHCA at
nursing home, sex, initial electrocardiogram.

Confounder corrected group analysis was achieved by
matched-pair group comparisons via the custom-built
software PairMatcher [9, 10]. Due to its larger size, the
IV group was matched 2:1 with all other groups, i.e. two
IV patients were matched with respect to all control vari-
ables with one patient each of the 10, IO+1V, and ET+IV
group respectively. As internal validation for adequate
pair-matching, the ROSC after cardiac arrest (RACA)
score [8], derived from multivariate logistic regression to
predict likelihood of ROSC after OHCA, was calculated
for each group contrast, confirming the clinical compa-
rability of the matched groups prior to further analysis.

A secondary regression analysis was performed to
assess the amount of variance explained by vascular
access type. Hospital discharge with good neurological
outcome was set as clinical outcome parameter. A binary
logistic regression model with vascular access type as
independent variable was calculated through SPSS, tak-
ing all above-mentioned parameters of the pair-matching
approach into account, and additionally correcting for
age, adrenaline dosage, intervention with coronary cath-
eter and treatment with mild therapeutic hypothermia
during hospital stay.

(2023) 31:14 Page 4 of 9

Results

Descriptive statistics

During the study period between 1989 and 2020, the
analysis of the GRR database revealed 212,228 cases of
OHCA. After application of the aforementioned inclu-
sion and exclusion criteria, 37,106 complete data sets
were subjected to further analysis (Fig. 1). Of those
OHCA patients, 29,688 had received an IV access, 1,303
an IO access, 4,827 both 10 and IV accesses and 276
patients had received both ET and IV therapy (Table 2).
20 patients had received adrenaline exclusively via ET, 5
via ET and IO, and 23 via a combination of ET, IO and IV
accesses. For 964 cases, no route of drug administration
was documented.

Remarkably, all groups with sufficient data (IV, IO,
I0+1V, ET+1V) showed RACA scores of comparable
magnitudes, centering around a mean*SD of 41.7% *1.9,
suggesting roughly equal pre-CPR conditions on average.
The actual ROSC rates in contrast were more than twice
as variable with a mean+SD of 41.1% +4.7.

Group effects of route of adrenaline administration on
clinical outcomes were calculated after separate pair-
wise matching of every IO, IO+IV and ET +1V case with
two IV cases each with comparable pre-CPR OHCA
conditions.

Internal validation

Table 2 shows that the average RACA score of each IV-
subgroup closely matched the respective comparison
group with no divergence exceeding 0.6%. This confirmed
the intended matching procedure. Differences between
the various IV subgroups were an expected effect of the
pair-matching procedure, reflecting pre-CPR differences
between the matched IO, IO+IV and ET+1V groups.

Statistical analysis of primary and secondary endpoints

In pair-matched group comparisons of the primary clini-
cal outcome — hospital discharge with CPC of 1 or 2 — the
IV group showed significantly better results compared to
10 [odds ratio (OR): 2.43, 95% confidence interval (95%
CI): 1.54-3.84, p<0.01] and compared to IO+IV [OR:
1.33, 95% CI: 1.12-1.59, p<0.01] (Fig. 2). In contrast, no
significant difference was found between IV and ET+IV
[OR: 1.26, 95% CI: 0.55-2.90, p=0.59).

As shown in Fig. 2, equivalent effects were found for
all secondary endpoints, too: ROSC at any point, admis-
sion to hospital with ROSC, survival at 24 h, survival at
30 days or discharge from hospital. In each comparison,
OR significantly favored IV over IO and IV over IO+1V,
while no statistically significant difference could be dem-
onstrated for IV vs. ET +1V.

The binary logistic regression model of hospital discharge
with good neurological outcome, additionally accounting
for age, adrenaline dosage, coronary catheter intervention
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10 (n=1208) vs. IV (n=2416) |O better IV better OR (95%CI) p-value
ever ROSC ——— 1.468 (1.273,1.694) <00l
hospital admission, ROSC —-— 1.550 (1.330,1.805) <001
24 h survival — 1.301 (1.084,1562) <00l
hospital discharge —— 1.666 (1.224,2267) <00l
hospital discharge CPC 1,2 L 2434 (1.5443.837) <00l
10+1V (n=4353) vs. IV (n=8706) |O+IV better IV better
ever ROSC - 1.169 (1.086,1259) <00l
hospital admission, ROSC - 1.260 (1.165,1.362) <001
24 h survival — 1.270 (1.156,1.394) <00l
hospital discharge —-— 1291 (1.121,1.486) <001
hospital discharge CPC 1,2 —— 1.333(1.116,1592) <00l
ET+IV (n=266) vs. IV (n=532) ET+IV better IV better
ever ROSC —r 1.132 (0.839,1.526) 0417
hospital admission, ROSC . 1.094 (0.804,1.488) 0.567
24 h survival . 1.173 (0.802,1.715) 0410
hospital discharge . 1.063 (0.585,1.930) 0.841
hospital discharge CPC 1,2 I 1.260 (0.547,2.899) 0.586
. - — ; oy r— — e
0.5 1.0 I.5 25 30 35 40

OR (95%CI)

Fig. 2 Matched-pair comparisons of clinical outcomes depending on route of administration. IV: intravenous, |O: intraosseous, 10 +1V: intraosseous and
intravenous, ET +1V: intraosseous and intravenous, OR: odd’s ratio, 95%Cl: 95% confidence interval

and provision of mild therapeutic hypothermia, yielded
a highly significant effect of vascular access type (° =
67.744(3), p<0.001) with a sufficient amount of explained
variance (Nagelkerke’s R* = 0.433). Negative effects could
be shown for 10 (regression coefficient (r.c.)=—0.766,
p=0.001) and IO+IV (r.c. =—-0.201, p=0,028) with no sig-

nificant effect of ET+1V (r.c. =0.117, p=0.770).

Discussion

The GRR covered over 200,000 cases of OHCA within
the 31-year time span from 1989 to 2020. Through pair-
matched comparisons of clinical outcome parameters
after OHCA, depending on route of drug administration,
the present study found clinically relevant and statisti-
cally significant differences, generally in favor of the IV
access. Analysis of secondary endpoints revealed these
effects to be robust for both short term outcomes like
admission to hospital with ROSC and long-term out-
comes like 30-day survival and discharge from hospital
with good neurological outcome.

These findings are seemingly in conflict with exist-
ing literature emphasizing the safety and speediness of
establishing 1O accesses [4, 11, 12]. Some animal models
even suggested a pharmacological superiority of IO over
IV drug application during CPR [13]. A body of literature
on cardiac arrest in swine models reported no effect of
access route for adrenaline, comparing IV with humeral
and tibial IO [14], and comparing IV with tibial IO [15],
nor when comparing vasopressin administration via

IV or humeral IO routes [16]. A cardiac arrest study in
lambs found no effect in adrenaline administration via
tibial IO vs. via central venous access [17].

On the other hand, there are pharmacokinetic stud-
ies in animal models of cardiac arrest, suggesting lower
plasma levels to be achieved when drugs where applied
IO vs. IV [18, 19], confirmed by Hoskins et al. [20], who
found an additional decrease in plasma levels in tibial IO
vs. sternal IO drug delivery. A 2014 review on IO adrena-
line during CPR in animal models therefore recommends
proximal over distal IO sites [21].

Retrospective studies in humans demonstrated a time
advantage of 10 vs. IV access [22, 23], while non-inferi-
ority studies failed to find a significant disadvantage of
IO access for clinical outcomes [24]. A current system-
atic review [25], investigating the effects of venous access
type on neurological outcome and survival in OHCA,
reported no difference between IV and IO access in the
pooled analysis of nine observational studies after cor-
recting for time between cardiac arrest and drug admin-
istration. Another systematic review [26], comparing
IV and IO routes during cardiac arrest, found limited
evidence in favor of IV administration in observational
studies and no effect in the subgroup analyses of the ran-
domized controlled trials reviewed.

On the other hand, recent reports from North America
[27-33], the UK [34], and France [35], all assessed the IO
access under CPR conditions very critically with unfavor-
able clinical outcome parameters (e.g. ROSC, hospital
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admission, 30-day survival without neurological deficit).
In line with the present GRR data these retrospective
studies reported an association of 10 treatment during
CPR with worse clinical outcomes. Furthermore, a recent
systematic meta-analysis [26], also examining the ques-
tion of application route during CPR, found a probable
superiority of IV over IO on the basis of low certainty
of evidence. While statistically underpowered for access
route analysis, one randomized controlled trial assessing
placebo vs. anti-arrhythmic therapy under OHCA [28]
found consistently superior clinical outcomes for IV over
IO drug administration.

A recent meta-analysis, assessing 23 studies on safety
of intravenous peripheral catecholamine administration
found a rate of adverse events in under 2% of cases [36].

In summary, while the general safety and rapidness of
mere 1O placement and the safety of peripheral catechol-
amine therapy are well documented, the efficacy and
effectiveness of 10 adrenaline treatment during OHCA
remains controversial.

The present findings and literature raising concerns
on potential IO inferiority during CPR could have a
pharmacokinetic explanation, supported by some of
the animal literature referenced above [18-21]. Given
the particularly low perfusion pressures present dur-
ing CPR, transport of adrenaline might prove difficult
from the medullary cavity to the place of action within
its short half-life of 1 to 2 min, especially for distal IO
injection sites like the tibia. Before cardiac and arterial
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adrenoceptors are reached to elicit the desired arteriolar
vasoconstriction as well as inotropic, chronotropic and
dromotropic cardiac effects, adrenaline has to exit the
medullary cavity, undergo venous return and pass the
entire pulmonary circulation. From a pharmacokinetic
point of view, an application closer to the target receptors
would thus be favorable.

The GRR did not provide information on access site
location — specifically, whether an IO access was placed
tibially or humerally, or where an IV access was placed. A
subgroup analysis of the IO group, challenging the above
mentioned hypothesis on proximity to the central circu-
lation was thus not feasible within the present study.

One should not forget that the ET administration of
adrenaline via an endotracheal tube used to be recom-
mended in international resuscitation guidelines for
many years as an alternative to the IV route, providing
independence from venous status (Fig. 3). The 2000 ERC
guidelines [37] described the ET delivery of adrenaline
with higher dosages (2—3 mg ET vs. 1 mg IV) as an equiv-
alent alternative to IV. In 2005, the ERC recommended
IO access as the primary alternative to IV, reserving ET
administration as an emergency fallback strategy when
neither IV nor IO access could be established [38]. Since
its 2010 update, ERC guidelines do not recommend the
ET route anymore, due to unknown optimal doses and
poor predictability of resulting plasma levels [39].

In the event that future studies would confirm a lim-
ited efficacy for IO administered emergency medication,

Recommended routes for administration by ERC ALS guidelines
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Fig. 3 Routes of drug application as recommended by ERC ALS guidelines from 2000 to 2020. Black: first choice, gray: second choice, striped: fallback

strategy, ERC: European Resuscitation Council, ALS: advanced life support
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in particular for adrenaline during CPR, the risk-benefit-
analysis regarding safety, speediness and efficacy of the
different routes would have to be re-assessed.

Surprisingly, the present registry analysis suggested an
outcome comparability between IV and ET +IV adminis-
tration of adrenaline. Hypothetically, the decision to dis-
count the ET option could have been made prematurely.
If the main reason against recommending the ET route
during OHCA CPR was a lack of data on the required
dosage, focused research on ET pharmacokinetics dur-
ing CPR might prove fruitful. Despite not being recom-
mended since 2010, sporadic use of ET adrenaline was
detected in the GRR registry as late as 2019.

While safety, speediness and effectiveness of intraosseous
access devices are generally not called into question, there
might be good reasons to uphold the intravenous access as
the gold standard during the specific conditions of OHCA
CPR. Nonetheless, whenever the latter is not readily avail-
able, a viable and fast alternative access will be pivotal.

In a scenario of ongoing CPR, when the airway has
already been successfully secured while IV access has
not been established yet, the endotracheal drug admin-
istration could potentially present an acceptable alternate
route. Before specific recommendations to this effect can
be considered, further research on endotracheal dosage
requirements is needed.

Study strength and limitations

As with all registry-based analyses, some limiting factors
need to be addressed. First of all, due to the retrospective
nature of the study design, control against selection bias
through randomization of treatments was not possible.
In order to minimize a systematic treatment effect, cases
were pair-matched according to the pre-CPR likelihood for
ROSC. Internal validation confirmed this approach. There-
fore, remaining differences in outcomes cannot be merely
explained by postulating a systematic selection bias.

Other potential confounders were implicitly accounted
for by referring to the largest available CPR registry in
the German-speaking area, hoping to eliminate random
effects by collecting a sufficiently large sample. Nonethe-
less, even this registry did not contain sufficient data to
include an exclusively endotracheal treatment group in
the analysis, and a substantial number of cases could not
be included into the analysis due to incomplete follow-up
data. Data on direct comparisons between access routes
remain scarce and at times contradictory.

Conclusions

The GRR data, collected over a 31-year period, provide
evidence for using the IV access as primary route dur-
ing out-of-hospital CPR. IO administration of adrenaline
might be less effective. An ET application, while removed
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in 2010 from international guidelines, could gain in
importance as an alternative route again.
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OHCA out-of-hospital cardiac arrest
OR odds ratio

RACA ROSC after cardiac arrest

ROSC return of spontaneous circulation
Acknowledgments
Not applicable.

Author Contribution

TM: conceptualization, methodology, formal analysis, data curation, original
draft, review & editing, visualization; MF: conceptualization, methodology,
formal analysis, resources, review & editing; MM: review & editing; IH: review &
editing; RW: review & editing; SR: review & editing; JTG: review & editing; MB:
conceptualization, review & editing, supervision, funding acquisition.

All authors have read and approved the final version of the submitted manuscript.
There are no related manuscripts or abstracts, published or unpublished, by any of
the authors of this paper. An oral presentation of preliminary data was given at the
2021 annual meeting of the Emergency Medicine Section of the German Society
of Anesthesiology and Intensive Care Medicine.

Funding

Open Access funding enabled and organized by Projekt DEAL.

This work was supported by a research grant from “Bjorn Steiger Stiftung’,
Winnenden, Germany. No further funding was received.

Data Availability
The data sets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study protocol was approved and registered by Heinrich Heine
University’s institutional research ethics committee in Disseldorf, Germany,
under protocol number“2020—1018" The study was additionally approved by
the scientific advisory council of the GRR (registration number "2020-02").

Consent for publication
Not applicable.

Competing Interest
The authors declare no conflicts of interest. JTG and MF are members of the
Steering Committee of the German Resuscitation Registry.

Author details

'Emergency Department, University Hospital of Disseldorf, Heinrich
Heine University, Moorenstrasse 5, D-40225 Dusseldorf, Germany
“Department of Anaesthesiology and Intensive Care, ALB FILS Kliniken,
Eichertstrale 3, 73035 Goppingen, Germany

*Division of Cardiology, Pulmonology and Vascular Medicine, Medical
Faculty, University Hsopital of Dusseldorf, Heinrich Heine University,
Moorenstrasse 5,40225 Dusseldorf, Germany

“Institute for Emergency Medicine, Department of Anesthesiology and
Intensive Care Medicine, University-Hospital Schleswig-Holstein, Arnold-
Heller-Strale 3, 24105 Kiel, Germany



Monaco et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine

Received: 12 September 2022 / Accepted: 21 March 2023
Published online: 30 March 2023

References

1.

20.

Grasner J-T, Lefering R, Koster RW, Masterson S, Béttiger BW, Herlitz J, Europe
ONE, Registry ONE et al. Resuscitation. 2016;105:188-95.

Grasner J-T, Wnent J, Herlitz J, Perkins GD, Lefering R, Tjelmeland |, et al.
Survival after out-of-hospital cardiac arrest in Europe - results of the EuReCa
TWO study. Resuscitation. 2020;148:218-26.

Soar J, Nolan JP, Bottiger BW, Perkins GD, Lott C, Carli P, et al. European Resusci-
tation Council Guidelines for Resuscitation 2015. Resuscitation. 2015;95:100-47.
Helm H, Grésner JT, Gries A, Fischer M, Béttiger BW, Eich C, et al. S1-Leitlinie:
die intraossdre infusion in der Notfallmedizin. Anésth Intensivmed.
2018;59:667-77.

Seewald S, Brenner S, Fischer M, Grasner J-T, Wnent J, Ristau P et al. Jahres-
bericht des Deutschen Reanimationsregisters - Innerklinische Reanimation
2020. Andsth Intensivmed. 2021,V83-7.

Birger A, Wnent J, Bohn A, Jantzen T, Brenner S, Lefering R, et al. Einfluss der
Hilfsfrist auf das Uberleben nach plétzlichem Herz-Kreislauf-Stillstand. Dtsch
Arztebl. 2018;115:541-8.

Jacobs |, NadkarniV, Bahr J, Berg RA, Billi JE, Bossaert L, et al. Cardiac

arrest and cardiopulmonary resuscitation outcome reports. Circulation.
2004;110:3385-97.

Grasner J-T, Meybohm P, Lefering R, Wnent J, Bahr J, Messelken M, et al. ROSC
after cardiac arrest—the RACA score to predict outcome after out-of-hospital
cardiac arrest. Eur Heart J. 2011;32:1649-56.

Behrens N-H, Fischer M, Krieger T, Monaco K, Wnent J, Seewald S, et al. Effect
of airway management strategies during resuscitation from out-of-hospital
cardiac arrest on clinical outcome: a registry-based analysis. Resuscitation.
2020;152:157-64.

Durkalski VL, Palesch YY, Lipsitz SR, Rust PF. Analysis of clustered matched-pair
data. Stat Med. 2003;22:2417-28.

Leidel BA, Kirchhoff C, Bogner V, Stegmaier J, Mutschler W, Kanz K-G, et al. Is
the intraosseous access route fast and efficacious compared to conventional
central venous catheterization in adult patients under resuscitation in the
emergency department? A prospective observational pilot study. Patient Saf
Surg. 2009;3:24.

Leidel BA, Kirchhoff C, Bogner V, Braunstein V, Biberthaler P, Kanz K-G. Com-
parison of intraosseous versus central venous vascular access in adults under
resuscitation in the emergency department with inaccessible peripheral
veins. Resuscitation. 2012;83:40-5.

Johnson D, Garcia-Blanco J, Burgert J, Fulton L, Kadilak P, Perry K, et al. Effects
of humeral intraosseous versus intravenous epinephrine on pharmacokinet-
ics and return of spontaneous circulation in a porcine cardiac arrest model: a
randomized control trial. Ann Med Surg Elsevier Ltd. 2015;4:306-10.

Burgert JM, Johnson AD, Garcia-Blanco J, Froehle J, Morris T, Althuisius B,

et al. The effects of proximal and distal routes of intraosseous epinephrine
administration on short-term resuscitative outcome measures in an adult
swine model of ventricular fibrillation: a randomized controlled study. Am J
Emerg Med Elsevier BV. 2016;34:49-53.

Johnson D, Giles K, Acuna A, Saenz C, Bentley M, Budinich C. Effects of tibial
intraosseous and IV administration of vasopressin on kinetics and survivabil-
ity in cardiac arrest. Am J Emerg Med Elsevier B V. 2016;34:429-32.

Burgert JM, Johnson AD, Garcia-Blanco J, Fulton LV, Loughren MJ. The resusci-
tative and pharmacokinetic Effects of Humeral Intraosseous Vasopressin in a
Swine Model of Ventricular Fibrillation. Prehosp Disaster Med. 2017;32:305-10.
Andropoulos DB, Solfer SJ, Schreiber MD. Plasma epinephrine concentrations
after intraosseous and central venous injection during cardiopulmonary
resuscitation in the lamb. J Pediatr. 1990;116:312-5.

Wong MR, Reggio MJ, Morocho FR, Holloway MM, Garcia-Blanco JC, Jenkins
C, et al. Effects of intraosseous epinephrine in a cardiac arrest swine model. J
Surg Res Elsevier Inc. 2016;201:327-33.

Spivey WH, Crespo SG, Fuhs LR, Schoffstall JM. Plasma catecholamine levels
after intraosseous epinephrine administration in a cardiac arrest model. Ann
Emerg Med. 1992;21:127-31.

Hoskins SL, do Nascimento P, Lima RM, Espana-Tenorio JM, Kramer GC.
Pharmacokinetics of intraosseous and central venous drug delivery during
cardiopulmonary resuscitation. Resuscitation. European Resuscitation
Council, American Heart Association, Inc.,, and International Liaison Commit-
tee on Resuscitation.~Published by Elsevier Ireland Ltd; 2012;83:pp. 107-12.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

39.

(2023) 31:14 Page 9 of 9

Burgert JM, Austin PN, Johnson A. An evidence-based review of Epinephrine
Administered via the Intraosseous Route in Animal Models of Cardiac arrest.
Mil Med. 2014;179:99-104.

Reades R, Studnek JR, Vandeventer S, Garrett J. Intraosseous versus intrave-
nous vascular access during out-of-hospital cardiac arrest: a randomized
controlled trial. Ann Emerg Med. 2011;58:509-16.

Ross MDEM, Mapp MDJ, Kharod MD, Wampler MPHC, Velasquez PhDLPDA,
Miramontes LPC, MD DA. Time to epinephrine in out-of-hospital cardiac
arrest: a retrospective analysis of intraosseous versus intravenous access. Am
J Disaster Med. 2016;11:119-23.

Clemency B, Tanaka K, May P, Innes J, Zagroba S, Blaszak J, et al. Intravenous
vs. intraosseous access and return of spontaneous circulation during out of
hospital cardiac arrest. Am J Emerg Med. 2017;35:222-6.

Hsieh Y-L, Wu M-C, Wolfshohl J, D'Etienne J, Huang C-H, Lu T-C, et al. Intraos-
seous versus intravenous vascular access during cardiopulmonary resuscita-
tion for out-of-hospital cardiac arrest: a systematic review and meta-analysis
of observational studies. Scand J Trauma Resusc Emerg Med Scandinavian
Journal of Trauma Resuscitation and Emergency Medicine. 2021;29:44.
Granfeldt A, Avis SR, Lind PC, Holmberg MJ, Kleinman M, Maconochie |, et al.
Intravenous vs. intraosseous administration of drugs during cardiac arrest: a
systematic review. Resuscitation. 2020;149:150-7.

Feinstein BA, Stubbs BA, Rea T, Kudenchuk PJ. Intraosseous compared to intravenous
drug resuscitation in out-of-hospital cardiac arrest. Resuscitation. 2017;117:91-6.
Daya MR, Leroux BG, Dorian P, Rea TD, Newgard CD, Morrison LJ, et al. Survival
after Intravenous Versus Intraosseous Amiodarone, Lidocaine, or Placebo in
Out-of-hospital shock-refractory Cardiac arrest. Circulation. 2020;141:188-98.
Kawano T, Grunau B, Scheuermeyer FX, Gibo K, Fordyce CB, Lin S, et al.
Intraosseous Vascular Access is Associated with Lower Survival and neuro-
logic recovery among patients with out-of-hospital cardiac arrest. Ann Emerg
Med. 2018;71:588-96.

Mody P, Brown SP, Kudenchuk PJ, Chan PS, Khera R, Ayers C, et al. Intraosse-
ous versus intravenous access in patients with out-of-hospital cardiac arrest:
insights from the resuscitation outcomes consortium continuous chest
compression trial. Resuscitation. 2019;134:69-75.

Nguyen L, Suarez S, Daniels J, Sanchez C, Landry K, Redfield C. Effect of
Intravenous Versus Intraosseous Access in Prehospital Cardiac arrest. Air Med
1.2019;38:147-9.

Zhang, Zhu J, Liu Z, Gu L, Zhang W, Zhan H, et al. Intravenous versus intraos-
seous adrenaline administration in out-of-hospital cardiac arrest: a retrospec-
tive cohort study. Resuscitation. 2020;149:209-16.

Hamam MS, Klausner HA, France J, Tang A, Swor RA, Paxton JH et al. Prehos-
pital Tibial Intraosseous Drug Administration is Associated with Reduced
Survival Following Out of Hospital Cardiac Arrest: A study for the CARES
Surveillance Group. Resuscitation. European Resuscitation Council American
Heart Association, Inc,, and International Liaison Committee on
Resuscitation.~Published by Elsevier Ireland Ltd; 2021;167:pp. 261-6.

Nolan JP, Deakin CD, Ji C, Gates S, Rosser A, Lall R et al. Intraosseous versus
intravenous administration of adrenaline in patients with out-of-hospital
cardiac arrest: a secondary analysis of the PARAMEDIC2 placebo-controlled
trial. Intensive Care Med. Springer Berlin Heidelberg; 2020;46:954-62.

BaertV, Vilhelm C, Escutnaire J, Nave S, Hugenschmitt D, Chouihed T, et al.
Intraosseous Versus Peripheral Intravenous Access during Out-of-hospital
cardiac arrest: a comparison of 30-Day survival and neurological outcome

in the French National Registry. Cardiovasc Drugs Ther Cardiovascular Drugs
and Therapy. 2020;34:189-97.

Owen VS, Rosgen BK, Cherak SJ, Ferland A, Stelfox HT, Fiest KM, et al. Adverse
events associated with administration of vasopressor medications through a
peripheral intravenous catheter: a systematic review and meta-analysis. Crit
Care BioMed Central. 2021,25:146.

de Latorre F, Nolan J, Robertson C, Chamberlain D, Baskett P. European
Resuscitation Council Guidelines 2000 for adult Advanced Life Support.
Resuscitation. 2001;48211-21.

Nolan JP, Deakin CD, Soar J, Bottiger BW, Smith G. European Resuscitation
Council Guidelines for Resuscitation 2005. Resuscitation. 2005;67:39-86.
Nolan JP, Soar J, Zideman DA, Biarent D, Bossaert LL, Deakin C, et al. European
Resuscitation Council Guidelines for Resuscitation 2010 Sect. 1. Executive
summary. Resuscitation. 2010;81:1219-76.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	Titelblatt_Bernhard_final
	Bernhard_Impact
	﻿Impact of the route of adrenaline administration in patients suffering from out-of-hospital cardiac arrest on 30-day survival with good neurological outcome (ETIVIO study)
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿German resuscitation Registry
	﻿Inclusion criteria
	﻿Exclusion criteria
	﻿Primary and secondary endpoints
	﻿Additional parameters
	﻿Group definitions
	﻿Data processing and statistical analysis

	﻿Results
	﻿Descriptive statistics
	﻿Internal validation
	﻿Statistical analysis of primary and secondary endpoints

	﻿Discussion
	﻿Study strength and limitations
	﻿Conclusions
	﻿References



