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Abstract

Background We aimed to measure the effect of a 2-day structured paediatric simulation-based training (SBT)
on basic and advanced airway management during simulated paediatric resuscitations.

Methods Standardised paediatric high-fidelity SBT was conducted in 12 of the 15 children’s hospitals in Hesse, Ger-
many. Before and after the SBT the study participants took part in two study scenarios (PRE and POST scenario), which
were recorded using an audio-video system. Airway management was assessed using a performance evaluation
checklist. Time to initiate ventilation, frequency, and timing of endotracheal intubation (ETI), and its influence on other
life support interventions were assessed. Differences in airway management between hospitals with and without

a PICU were evaluated.

Results Two hundred twenty-nine participants formed 58 interprofessional resuscitation teams. All teams recog-
nised apnoea in their simulated patients and initiated ventilation during the scenarios. Time to recognition of apnoea
and time to initiation of ventilation did not improve significantly after SBT, but teams were significantly more likely

to select appropriately sized airway equipment. ETI was attempted in 55% PRE and 40% POST scenarios (p=0.1).

The duration of the entire ETI process was significantly shorter in the POST scenarios. Chest compressions (CC) were
frequently discontinued during ETI attempts, which improved after SBT (PRE 73% vs. POST 43%, p=0.035). Adequate
resumption of CC after completion of intubation was also significantly more frequent in the POST scenarios (46%

vs. 74%, p=0.048). During ETI attempts, CC were more likely to be adequately continued in teams from hospitals
with a PICU (PRE scenarios: PICU 20% vs. NON-PICU 36%; POST scenarios: PICU 79%, NON-PICU 22%; p < 0.01).

Conclusions Our data suggest an association between airway management complexity and basic life support
measures. Although the frequency of ETl was not significantly reduced after a 2-day SBT intervention, the duration
of advanced airway management was shortened thus reducing no-ventilation time which led to fewer interruptions
in chest compressions during simulated paediatric resuscitations. SBT may be adapted to the participants'workplace
to maximize its effect and improve the overall performance in paediatric resuscitation.
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Introduction

Paediatric cardiac arrest (CA) is a rare event both in and
out of the hospital. Even in larger hospitals with paedi-
atric intensive care units (PICU), the average number of
cardiopulmonary resuscitations (CPR) per month is less
than one [1, 2]. Out-of-hospital cardiac arrest (OHCA)
is even rarer. Data from the German Resuscitation Reg-
istry showed a yearly incidence of 3 OHCA per 100,000
children [3]. Due to the limited number of cases, health-
care professionals struggle to develop a sufficient routine
when dealing with paediatric emergencies and resusci-
tations, possibly reducing the quality of care provided
[4-6].

Despite ongoing efforts to improve the quality of resus-
citation and post-resuscitation care, survival rates, par-
ticularly for OHCA, remain low and the neurological
outcome of survivors is poor [3, 7-10] with only 5-24%
of OHCA survivors showing no change in neurologi-
cal status at discharge [11, 12]. In-hospital cardiac arrest
(IHCA) commonly occurs in chronically ill children
already treated in a PICU with slightly more favourable
survival rates [8, 11, 13]. Less than one-tenth of CPR
events occur in the paediatric emergency department
(PED), with a much poorer survival when compared to
other in-hospital locations [14]. The underlying causes of
paediatric CA show a high prevalence of respiratory and
circulatory insufficiency, in 60 to 70% of the OHCA- and
PED-patients CA is preceded by respiratory failure [8, 10,
13, 14].

Due to this high number of respiratory causes for CA
in children, ventilation is prioritized in paediatric CPR
[8, 15]. However, so far there is no data to support the
assumption, that early endotracheal intubation (ETI) is
vital in paediatric resuscitation. In fact, ETI might even
be detrimental to CPR performance [16] and impair the
neurological outcome [17, 18]. A potential lack of exper-
tise in managing a paediatric airway promotes adverse
events [19-22]. The current guidelines strongly suggest
the use of bag-mask ventilation (BMV) as the primary
method of paediatric airway management, as it is easy
to learn and reliable [15]. Nevertheless, the initiation of
ventilation in paediatric respiratory insufficiency is often
delayed [6].

Simulation-based training (SBT) can improve proce-
dural skills, team performance, and guideline adherence
in paediatric emergencies and resuscitations [23-26].
Several studies demonstrated a positive effect of SBT
on the quality of chest compressions, and the timely
implementation of time-critical measures [24, 27-30].
However, little has been published regarding the effects
of participation in SBT on airway management during
paediatric resuscitation [26]. In our study we aim to (1)
evaluate basic and advanced airway management during
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simulated paediatric resuscitations in children’s hospitals
before and after a structured paediatric SBT, (2) measure
the influences of airway management on other advanced
life-support interventions, and (3) evaluate for differ-
ences in airway management between hospitals with and
without a PICU.

Methods

Between April 2017 and January 2018, standardised
paediatric SBT was conducted in 12 of the 15 children’s
hospitals in the German Federal State Hesse, supported
by an initiative of the Hessian Ministry for Social Affairs
and Integration (HMSI). Although each of these hospitals
provides emergency care for critically ill children, there
is a high variability in patient capacities (40 to 150 beds)
and annual patient volume. Only six of these 12 children’s
hospitals maintain a PICU (4 to 13 beds).

A prospective interventional study was performed in
these 12 children’s hospitals to assess paediatric emer-
gency care. The primary endpoints of the study were to
assess adherence to guidelines in simulated paediatric
cardiac arrests due to shockable rhythms and to assess
teamwork and team communication in these cardiac
arrests. The assessment instruments used are reported
elsewhere [31]. A secondary analysis evaluated airway
management to address the research questions outlined
above.

Ethical approval was obtained from the Ethics Commit-
tee of the Philipps-University of Marburg (AZ: 172/16).
Written informed consent was obtained from all study
participants.

A detailed methodology report, based on the reporting
guidelines for simulation-based research [32], is provided
in Supplementary material 1: Appendix 1.

Simulation-based training

The SBT was standardised across all children’s hospitals
and delivered as in-house training on two consecutive
days. It consisted of a 3-h interactive lecture and three
simulation scenarios (see Fig. 1). Two hours of the lec-
ture focused on the recognition of critically ill children,
paediatric basic and advanced life support (EPALS),
including airway management, cardiac rhythm recogni-
tion, and shockable and non-shockable cardiac rhythm
algorithms according to European Resuscitation Coun-
cil guidelines [33]. Crisis resource management (CRM)
aspects were covered in a further hour. Simulation sce-
narios were performed with high-fidelity mannequins
(Gaumard HAL3010 tetherless newborn simulator and
HAL3005 tetherless 5-year-pediatric simulator). These
scenarios were scripted including specific learning
objectives and consisted of a respiratory, a circulatory,
and a neurological paediatric emergency leading to
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Course introduction /
Familiarisation

PRE scenario
(no debriefing)

Skills training

Three hour lecture:
EPALS algorithm / CRM

Fig. 1 Study design

apnoea and cardiac arrest with a non-shockable cardiac
rhythm (see Supplementary material 1: Appendix 1).
Varying resuscitation teams of up to six participants
took part in these simulation scenarios. Resuscitation
teams were always interprofessional. Participants not
taking part in a simulation scenario were able to watch
via an audio-video system in a nearby room. Each
simulation scenario was followed by a structured and
scripted debriefing using the PEARLS framework [34].
Debriefing was conducted in an interprofessional team
of one physician and one nurse, out of a total team of
four physicians and five nurses, and lasted approxi-
mately 20 to 30 min. All physicians were consultants
in paediatrics or anaesthesiology with at least 2 years
of experience in paediatric intensive care. Nurses were
paediatric intensive care specialists with many years
of professional experience. All nine members of the
research team had been formally trained as simulation
trainers in a train-the-trainer course for simulation and
had at least 2 years of debriefing experience.

Depending on the hospital’s preference, the training
was conducted in PEDs, on inpatient wards, or PICUs,
using the emergency medical equipment available on
site. Participation in the SBT was voluntary and varied
between hospitals, with the research team having no
influence on participation rates.

The course was developed by experts in paediatric
emergency medicine, paediatric intensive care, and
simulation-based training. It was piloted in the PICU of
the Department of Paediatrics at Philipps-University in
Marburg, Germany.
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Three paediatric emergency
scenarios
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Study participants

Study participants were recruited from the SBT par-
ticipants at each children’s hospital and included pae-
diatric nurses and physicians with different levels of
experience. No other professionals (e.g. respiratory ther-
apists) or other specialties (e.g. paediatric anaesthesia)
were included. Study participation was voluntary. There
were no exclusion criteria for participation except for
lack of consent.

Participants autonomously formed study teams of four
people, including at least one nurse and one physician.
The composition of the teams varied in each of the simu-
lation and study scenarios to reflect the realities of work-
ing within ad hoc emergency teams.

Each study participant completed questionnaires about
demographics and previous resuscitation experience.

Study scenarios

Immediately before and after the SBT, study partici-
pants took part in two study scenarios (PRE and POST
scenario, Fig. 1 and Supplementary material 1: Appen-
dix 1), which were recorded using an audio—video system
with three different camera angles. The PRE and POST
scenarios differed only in the patient history provided to
the teams but followed the same clinical progression of
apnoea, cardiac arrest, and return of spontaneous circu-
lation (ROSC) with identical vital signs.

Study scenarios were scripted to last 12 min regardless
of the actions performed. A critically ill infant was pre-
sented to the study teams in the PED or in the paediat-
ric ward. After two minutes, the simulated patient went
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into apnoea and cardiac arrest with a shockable cardiac
rhythm. Eight minutes later, the patient had a ROSC
regardless of the study team’s resuscitation interventions.
ROSC could have been achieved earlier if the study team
had performed the EPALS algorithm correctly (adequate
CPR technique, three correct shocks, epinephrine, and
amiodarone in the correct dose and at the correct time).
The scenario was terminated two minutes after ROSC.
The POST scenarios were followed by a structured
debriefing, the PRE scenarios were not debriefed. Famil-
iarisation with the simulator and orientation to the SBT
environment was provided during the 60-min course
introduction prior to the PRE scenario (see Fig. 1).

In contrast to the simulation scenarios, shockable
cardiac rhythms were chosen for the study scenarios to
avoid improvements in the POST scenarios being due
solely to “familiarisation” with algorithms.

Performance evaluation

To assess airway management, a performance evaluation
checklist was developed by experts in paediatric intensive
care and SBT through a two-stage Delphi process [35].
The performance evaluation checklist consisted of 27
items in three categories: basic airway management dur-
ing cardiac arrest, evaluation of endotracheal intubation
if performed, and timing of specific airway management
(see Supplementary material 1: Appendix 1). A manual
was developed to specify the rating of each item, and
rater training was conducted using a previously published
rater training programme [31] achieving high interrater
reliability (intraclass correlation coefficient: 0.93). PRE
and POST scenario videos were randomised by the prin-
cipal investigator (NM), and analysed by a blinded rater
not initially involved in data collection (CD) and highly
experienced in paediatric intensive care and SBT.

Sample size

A sample size of 41 teams was calculated using an effect
size of 0.3 (medium effect size), with a type I error of
0.05 and power of 0.8 [36]. A similar study measur-
ing the effects of SBT on adherence to PALS guidelines
determined a sample size of 51 teams [37]. We aimed to
recruit at least 50 teams.

Data analysis

Data were analysed using IBM SPSS Statistics Version
29.0. Categorical variables were expressed as frequencies
and percentages. Chi-square tests were used for compar-
ing frequencies of categorical variables in PRE and POST
scenarios. Arithmetic mean and standard deviation were
used for characterizing initiating times e.g. time to venti-
late, and unpaired t-tests for comparing PRE and POST
scenarios. The level of significance was p <0.05.
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Results

A total of 276 nurses and doctors completed the simula-
tion-based training. 229/276 (83%) participants agreed to
take part in the study and formed 58 PRE and 58 POST
scenario study teams. After the exclusion of three videos
due to poor audio quality, 56 PRE and 57 POST scenario
videos were analysed. The participants’ professional roles
and previous clinical experience are described in Table 1.

Basic airway management

All teams recognised apnoea in their patients and initi-
ated ventilation during the scenarios. Nurses were signifi-
cantly more likely to recognise and communicate apnoea
after SBT (PRE 27% vs. POST 50%, p=0.018). Time to
recognition of apnoea (PRE 43 s+49 s, CI95 26-59 s;
POST 33 s+20 s, CI95 23-44 s; n.s.) and time to initia-
tion of ventilation (PRE 59 s+ 53 s, CI95 44 — 74 s; POST
49 s+36 s, CI 40-59 s; n.s.) did not improve significantly
between the PRE and POST scenarios (Fig. 2).

93% of PRE and POST teams used bag-mask ventila-
tion (BMV) as the first line of ventilation. POST teams
were significantly more likely to select appropriately sized
BMYV equipment (46% vs. PRE 65%, p=0.048).

Table 1 Characteristics of study participants

Professional and educational characteristics n/N (%) of cohort
Professional role
Head of department 2/229(0.9)
Senior physician 19/229 (8.3)
Resident physician 81/229 (354)
ICU nurses 31/229(13.5)
Other nurses 91/229 (39.7)
n/a 5/229(2.2)
Years of experience® 0-43 years?
Previous experienced paediatric resuscitations®
Senior physician 839 (range 1-20)
Resident physician 3 (range 0-10)
Nurses 04 (range 0-6)
ICU nurses 3 (range 0-10)
Ventilation experience
Senior physicians 8/19 (42.1)
Resident physicians 33/81 (40.7)
Nurses 20/91 (22.0)
ICU nurses 17/31 (54.8)
Previous resuscitation training 194/229 (84.7)
Within last 12 months 107/229 (46.7)

@ Refers to the number of years worked in current role
b Range (minimum-maximum)

© Neonatal resuscitations were explicitly excluded

d Arithmetic mean
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Fig. 2 Timing of basic and advanced airway management before and after SBT

Advanced airway management

Endotracheal intubation (ETI) was attempted in 55% PRE
and in 40% POST scenarios (p=0.10). More than one
ETI attempt was necessary in 45% PRE and 30% POST
scenarios (p=0.27). On average, two to three partici-
pants were involved in the ETI process (PRE 2.6 +0.7 vs.
POST 2.4+0.7, n.s.). Appropriate equipment for ETI was
used in 71% of the PRE and 95% of the POST scenarios
(p=0.075).

The duration of the entire ETI process was signifi-
cantly shorter in the POST scenarios (Fig. 2). Ausculta-
tion of lung ventilation was chosen primarily to check
for successful intubation, and end-tidal carbon dioxide
was only measured in one PRE and one POST scenario,
respectively.

Influence of airway management on advanced life support
interventions
In 23% PRE and 4% POST scenarios, chest compres-
sions (CC) had not been started at the time of the first
ETI attempt (p=0.049). CC were frequently discontinued
during ETI attempts, which improved after the simula-
tion training (PRE 73% vs. POST 43%, p=0.035). Ade-
quate resumption of chest compressions after completion
of intubation was also significantly more frequent in the
POST scenarios (46% vs. 74%, p=0.048) (Fig. 3).
Initiation of defibrillation was frequently delayed dur-
ing ETI attempts (85% vs. 65%, n.s.).

Differences in airway management in relation
to the maintenance of a PICU
29/56 (52%) PRE scenario videos and 30/57 (51%) POST
scenario videos originated from hospitals with a PICU.
Time to detect apnoea (PICU 32.4+30.9 s, CI95 22-43 s;
NON-PICU 44.1+47.4 s, CI95 28—60 s; n.s.) and to initi-
ate ventilation (PICU 49.1 +34.5 s, CI95 40-58 s; NON-
PICU 59.7+53.2 s, CI95 44-75 s; n.s.) did not differ
significantly between both groups (combined PRE and
POST data). Before SBT, 62% of teams from hospitals
with a PICU vs. 48% of teams from hospitals without a
PICU attempted ETI at least once. After SBT, 47% and
33% of the teams, respectively, attempted ETI (p=0.20).
The number of teams that never performed chest com-
pressions (CC) was significantly lower in hospitals with
a PICU (PRE scenarios: PICU 13% vs. NON-PICU 36%;
POST scenarios: PICU 0%, NON-PICU 11%; p<0.01).
During ETI attempts, CC were more likely to be ade-
quately continued in teams from hospitals with a PICU
(PRE scenarios: PICU 20% vs. NON-PICU 36%; POST
scenarios: PICU 79%, NON-PICU 22%; p <0.01).

Discussion

We evaluated airway management in simulated paedi-
atric resuscitations before and after SBT in children’s
hospitals in Hesse, Germany. 58 study resuscitation
teams comprising 229 nurses and physicians from
12 out of 15 children’s hospitals participated in a
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Fig. 3 Quality of chest compressions (CC) before and after SBT

structured two-day simulation-based training (SBT).
Previous experience and expertise varied widely as par-
ticipants originated from paediatric emergency depart-
ments, paediatric intensive care units, and paediatric
general wards representing a wide spectrum of paedi-
atric healthcare professionals in Hessian inpatient care.
Airway management changed following a 2-day SBT
intervention, leading to a reduction in interruptions of
chest compressions during simulated paediatric resus-
citations. Translation into the clinical context could
improve the quality of resuscitation, resulting in better
patient outcomes.

Even before SBT, ventilation was initiated by all resus-
citation teams, suggesting that all participants were
aware of its importance. The time to initiate ventilation
varied widely, with teams starting ventilation after an
average of 60 s in the PRE scenarios. The interval was not
significantly reduced after SBT. This is consistent with
data from Hunt et al. and Roy et al. where ventilation in
paediatric emergency patients was rarely initiated within
one minute of apnoea [4, 6, 38]. However, we found SBT
had an impact on the recognition and communication of
apnoea, thus demonstrating the successful involvement
of all team members in the mental model of the critically
ill child. This has been shown to promote vigilance of all

team members to changes in the clinical situation which
can ultimately lead to a better team performance [39-41].

Due to the heterogeneous origins of the paediatric
healthcare professionals in our study cohort, experience
with ventilation was highly variable. Two-thirds of all
participants reported little or no experience in ventilating
a child in an emergency setting before this training. This
lack of experience is reflected in the initial poor choice
of appropriate equipment. Although bag-mask ventila-
tion was chosen as the primary ventilation mode in more
than 90% of simulated resuscitations, more than 50% of
resuscitation teams used incorrectly sized masks and
ventilation bags. Current guidelines strongly suggest the
use of bag-mask ventilation as the primary method of air-
way management as it is easy to learn and reliable [15].
However, difficulties in selecting appropriate equipment
have been described before and as the use of incorrectly
sized equipment may diminish the quality of ventilation
it may harm the performance in paediatric resuscitation
[21, 22, 42, 43]. SBT significantly improved the likelihood
of selecting appropriately sized BMV equipment in our
study cohort.

Despite the limited experience of ventilating a criti-
cally ill child, more than half of the resuscitation teams
attempted endotracheal intubation (ETI) in the PRE
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scenarios. Even teams from hospitals without a PICU
attempted ETI at least once in 48% with only half of the
teams succeeding on the first attempt. Those low first-
pass success rates have been observed in paediatric
emergency intubations [19, 44—47] and are particularly
alarming, as ETI in an emergency setting, especially
when performed by non-experts, holds a high risk of
adverse events like hypoxia, hypotension or aspira-
tion [20, 44, 45, 48, 49]. In addition, ETT attempts in our
cohort were time and personnel-consuming, with venti-
lation being stopped during the ETT attempt, which has
been shown to prolong hypoxia and potentially worsen
the outcome [18, 50]. Inappropriate ETI equipment and a
lack of assessment of correct ETI placement further con-
tribute to the risk of adverse events [49].

We were able to demonstrate that participation in SBT
changed advanced airway management. Although the
frequency of ETI attempts was not significantly lower
after SBT (p=0.1), intubation times decreased, thus
reducing no-ventilation time. Although we could not
show a reduction in people involved in the intubation
process, the number of teams with proper ETI prepara-
tion increased to almost 100%.

Improving advanced airway management had a strong
effect on other advanced life support measures. Before
SBT, chest compressions were frequently discontinued
during ETT attempts and inappropriately or not resumed
after ETL. Long-term survival after cardiac arrest, and in
particular survival with little or no neurological impair-
ment, requires not only optimal airway management but
also high-quality circulatory support. This means that
chest compressions should be delivered with sufficient
depth and frequency to ensure good cerebral perfusion.
It is particularly important to minimize the number
and duration of interruptions in compressions [51-54].
Donoghue et al. demonstrated significant interruptions
in CC when ETI was attempted during paediatric CPR in
their paediatric emergency department and found worse
survival for patients with an invasive airway. They con-
cluded that paediatric patients with CA benefited from
withholding ETT attempts [14]. Wang et al. reported sim-
ilar findings with frequent and prolonged pauses for intu-
bation during paediatric resuscitation in the prehospital
setting [55]. In our cohort, SBT resulted in less discontin-
uation of CC during intubation and adequate resumption
after intubation. Thus, reducing the complexity of airway
management may directly improve circulatory support.

The effect of ETI attempts on circulatory support
is particularly noteworthy in hospitals with a PICU.
Though those resuscitation teams were not significantly
faster in detecting apnoea and initiating ventilation they
attempted to intubate more frequently with high rates of
interrupted chest compressions during that process. This
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highlights the necessity of different teaching approaches
for different groups of healthcare professionals. While
nurses and physicians working primarily on paediatric
wards can be reassured that high-quality bag-mask venti-
lation is ‘good enough’ for paediatric resuscitation, paedi-
atric intensive care teams need to be reminded to deliver
high-quality chest compressions without interruption
by ETI attempts. However, studies on paediatric airway
management in hospitals with and without PICUs are
lacking. Most studies compare the performance of resus-
citation teams in single-centre trials or select participants
from similar workplaces in their multi-centre trials, none
compare resuscitation performance between hospitals
maintaining a PICU and hospitals of primary care. Auer-
bach et al. compared the performance of paediatric resus-
citation in paediatric emergency departments of centres
with different annual patient volumes and concluded that
the best guideline adherence in paediatric basic life sup-
port was in centres with medium-high patient volumes
[29]. PICUs were not explicitly reported. Our study thus
contributes to a better understanding of paediatric emer-
gency care across different healthcare professional teams.

Strengths and limitations

This is the first study to systematically investigate airway
management in German children’s hospitals in a defined
federal state. Healthcare professionals from 12 different
children’s hospitals participated, including university
hospitals and urban and suburban hospitals with differ-
ent annual patient volumes, representing 80% of inpatient
care in Hesse. Resuscitation teams were interprofessional
and recruited from PICUs, paediatric emergency depart-
ments, and general paediatric wards, resulting in a wide
range of previous experience and expertise among par-
ticipants. This high variability among participants may
have been the reason why we did not measure significant
improvements in all items investigated after SBT. The
observed airway management may also be influenced
by the simulation setting, as participants felt less hesi-
tant to intubate a mannequin than a real child [4, 18, 56].
As the care of the critically ill child rather than specific
airway management was the primary goal of investigat-
ing potential effects of SBT and high-fidelity mannequins
were used to enhance immersion in the simulated paedi-
atric resuscitation, we believe that our results provide a
good overview of actual airway management in paediat-
ric hospitals.

Our study design may also have influenced the results.
As we compared the performance of the PRE and POST
teams in multiple hospitals with different annual patient
volumes, and the composition of the PRE and POST teams
in each hospital varied, a multi-level analysis was not con-
sidered appropriate. We did not evaluate which aspects of
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our SBT specifically led to the observed changes in airway
management and whether lecture and skills training alone
would have been sufficient for these. We conducted our
SBT within suggested frameworks for high-quality SBT,
such as simulation trainer qualifications, effective learning
and simulation environments, and the process of scenario
development and implementation, including standardised
debriefing [57], to provide standardised learning conditions
for trainees and to ensure lasting effects. However, it was
not investigated how long the observed effects lasted and
to what extent they were transferred to the clinical context.

Conclusion

We demonstrated that airway management changed fol-
lowing a 2-day SBT intervention, resulting in a significant
improvement in the quality of chest compressions during
simulated paediatric resuscitations. To enhance the dem-
onstrated effect, airway management should be targeted
more explicitly in simulation-based training. In addition,
the observed changes in airway management and its effect
on other life support measures differed between health-
care teams in hospitals with and without PICUs. SBT may
be adapted to the participants’ workplace to maximize its
effect and improve the overall performance in paediatric
resuscitation.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/541077-024-00326-y.

[ Supplementary Material 1. }

Acknowledgements

We would like to thank all participating physicians and nurses, the organ-
izing head of departments (in alphabetical order) J6rg Brand, Johannes Eisen,
Thomas Fischer, Judith Jochem, Carmen Knéppel, Winfried Krill, Bernhard Lett-
gen, Reinald Repp, Hans-Ulrich Rhodius, Takanori Sasaki, Lothar Schrod, Frie-
drich Tegtmeyer, Wilfried Schneider, Manuel Wilhelm, and Mark Wittschorek,
and the Hessian Ministry for Social Affairs and Integration.

Authors’ contributions

Carolin Donath: Conceptualization, Formal analysis, Writing- Original draft.
Andreas Leonhardt: Writing - Reviewing and Editing. Supervision. Tina Stibane:
Methodology, Writing - Reviewing and Editing. Stefanie Weber: Writing -
Reviewing and Editing. Nadine Mand: Methodology, Investigation, Data cura-
tion, Writing - Reviewing and Editing, Supervision.

Funding

Open Access funding enabled and organized by Projekt DEAL. This research
did not receive any specific grant from funding agencies in the public, com-
mercial, or not-for-profit sectors.

Data availability
No datasets were generated or analysed during the current study.

Page 8 of 9

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from the Ethics Committee of the Philipps-
University of Marburg (AZ: 172/16). Written informed consent was obtained
from all study participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"Neonatology and Paediatric Intensive Care Medicine, Department of Paediat-
rics, Philipps-University Marburg, Marburg, Germany. 2Dr. Reinfried-Pohl-Zen-
trum for Medical Learning, Philipps-University Marburg, Marburg, Germany.
3General Paediatrics, Paediatric Nephrology and Transplant Nephrology,
Department of Paediatrics, Philipps-University Marburg, Marburg, Germany.

Received: 22 June 2024 Accepted: 3 December 2024
Published online: 06 January 2025

References

1. Eich C, Landsleitner B. Resuscitation - cardiopulmonary resuscitation in
infants and children (paediatric life support). Anasthesiol Intensivmed
Notfallmed Schmerzther. 2016;51(3):196-207.

2. Tibballs J, et al. Reduction of paediatric in-patient cardiac arrest and
death with a medical emergency team: preliminary results. Arch Dis
Child. 2005;90(11):1148-52.

3. Katzenschlager S, et al. Out-of-hospital cardiac arrest in children: an
epidemiological study based on the German Resuscitation Registry
identifying modifiable factors for return of spontaneous circulation. Crit
Care. 2023;27(1):349.

4. HuntEA, et al. Delays and errors in cardiopulmonary resuscitation and
defibrillation by pediatric residents during simulated cardiopulmonary
arrests. Resuscitation. 2009;80(7):819-25.

5. DoymazS§, et al. How prepared are pediatric residents for pediatric
emergencies: is pediatric advanced life support certification every 2 years
adequate? Glob Pediatr Health. 2019;5(6):2333794x19876809.

6. Hunt EA, et al. Simulation of in-hospital pediatric medical emergencies
and cardiopulmonary arrests: highlighting the importance of the first 5
minutes. Pediatrics. 2008;121(1):e34-43.

7. Del Castillo J, et al. Long-term evolution after in-hospital cardiac arrest
in children: Prospective multicenter multinational study. Resuscitation.
2015;96:126-34.

8. Morgan RW, et al. Pediatric in-hospital cardiac arrest and cardiopul-
monary resuscitation in the United States: a review. JAMA Pediatr.
2021;175(3):293-302.

9. Nehme Z, et al. Trends in the incidence and outcome of paediatric out-
of-hospital cardiac arrest: a 17-year observational study. Resuscitation.
2018;128:43-50.

10. Atkins DL, et al. Epidemiology and outcomes from out-of-hospital cardiac
arrest in children. Circulation. 2009;119(11):1484-91.

11. Moler FW, et al. In-hospital versus out-of-hospital pediatric cardiac arrest:
a multicenter cohort study. Crit Care Med. 2009;37(7):2259-67.

12. Lee J, et al. Clinical survey and predictors of outcomes of pediatric out-of-
hospital cardiac arrest admitted to the emergency department. Sci Rep.
2019,9(1):7032.

13. Meert KL, et al. Pediatric out-of-hospital cardiac arrest characteristics and
their association with survival and neurobehavioral outcome. Pediatr Crit
Care Med. 2016;17(12):e543-50.

14. Donoghue AJ, et al. Cardiopulmonary resuscitation for in-hospital events
in the emergency department: a comparison of adult and pediatric
outcomes and care processes. Resuscitation. 2015;92:94-100.

15. Van de Voorde P, et al. European Resuscitation Council Guidelines 2021:
Paediatric Life Support. Resuscitation. 2021;161:327-87.


https://doi.org/10.1186/s41077-024-00326-y
https://doi.org/10.1186/s41077-024-00326-y

Donath et al. Advances in Simulation

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

(2025) 10:1

Donoghue A, et al. Tracheal intubation during pediatric cardiopulmonary
resuscitation: a videography-based assessment in an emergency depart-
ment resuscitation room. Resuscitation. 2016,99:38-43.

Gupta P, et al. Association of presence and timing of invasive airway
placement with outcomes after pediatric in-hospital cardiac arrest. Resus-
citation. 2015;92:53-8.

Andersen LW, et al. Association between tracheal intubation during pedi-
atric in-hospital cardiac arrest and survival. JAMA. 2016,316(17):1786-97.
Gausche M, et al. Effect of out-of-hospital pediatric endotracheal intuba-
tion on survival and neurological outcome: a controlled clinical trial.
JAMA. 2000;283(6):783-90.

Rodriguez JJ, et al. Meta-analysis of failure of prehospital endotracheal
intubation in pediatric patients. Emerg Med Int. 2020;2020:7012508.
Hansen M, et al. Pediatric airway management and prehospital patient
safety: results of a national delphi survey by the children’s safety
initiative-emergency medical services for children. Pediatr Emerg Care.
2016;32(9):603-7.

Lammers RL, Willoughby-Byrwa M, Fales WD. Errors and error-producing
conditions during a simulated, prehospital, pediatric cardiopulmonary
arrest. Simul Healthc. 2014;9(3):174-83.

Clerihew L, Rowney D, Ker J. Simulation in paediatric training. Arch Dis
Child Educ Pract Ed. 2016;101(1):8-14.

Mills DM, Williams DC, Dobson JV. Simulation training as a mechanism for
procedural and resuscitation education for pediatric residents: a system-
atic review. Hosp Pediatr. 2013;3(2):167-76.

Blackwood J, et al. Does teaching crisis resource management skills
improve resuscitation performance in pediatric residents?*. Pediatr Crit
Care Med. 2014;15(4).e168-74.

Thim S, et al. Simulation-based emergency team training in pediatrics: a
systematic review. Pediatrics. 2022;149(4):2021054305.

Manrique G, et al. Quality of chest compressions during pediatric resusci-
tation with 15:2 and 30:2 compressions-to-ventilation ratio in a simulated
scenario. Sci Rep. 2020;10(1):6828.

Cheng A, et al. Optimizing CPR performance with CPR coaching for
pediatric cardiac arrest: a randomized simulation-based clinical trial.
Resuscitation. 2018;132:33-40.

Auerbach M, et al. Adherence to pediatric cardiac arrest guidelines
across a spectrum of fifty emergency departments: a prospective, in situ,
Simulation-based Study. Acad Emerg Med. 2018;25(12):1396-408.
Sandeva MG, et al. Evaluating the effectiveness of simulation training in
obstetrics and gynecology, pediatrics and emergency medicine. Folia
Med (Plovdiv). 2019;61(4):605-11.

Mand N, et al. Successful implementation of a rater training program for
medical students to evaluate simulated pediatric emergencies. GMS J
Med Educ. 2023;40(4):Doc47.

Cheng A, et al. Reporting guidelines for health care simulation research:
extensions to the CONSORT and STROBE Statements. Simul Healthc.
2016;11(4):238-48.

Maconochie IK, et al. Part 6: pediatric basic life support and pediatric
advanced life support: 2015 international consensus on cardiopulmonary
resuscitation and emergency cardiovascular care science with treatment
recommendations. Resuscitation. 2015;95:147-68.

Eppich W, Cheng A. Promoting Excellence and Reflective Learning in
Simulation (PEARLS): development and rationale for a blended approach
to health care simulation debriefing. Simul Healthc. 2015;10(2):106-15.
Niederberger M, Deckert S. The Delphi technique: Methodology, variants
and usage examples. Z Evid Fortbild Qual Gesundhwes. 2022;174:11-9.
Faul F, et al. Statistical power analyses using G*Power 3.1: tests for correla-
tion and regression analyses. Behav Res Methods. 2009;41(4):1149-60.
Gilfoyle E, et al. Improved clinical performance and teamwork of pediatric
interprofessional resuscitation teams with a simulation-based educa-
tional intervention. Pediatr Crit Care Med. 2017;18(2):62-9.

Roy KM, et al. Pediatric residents experience a significant decline in their
response capabilities to simulated life-threatening events as their training
frequency in cardiopulmonary resuscitation decreases. Pediatr Crit Care
Med. 2011;12(3):e141-4.

Vincent J, Grant AC (editors). Comprehensive Healthcare Simulation:
Pediatrics. 1st Edition (24. Juni 2016) 2016: Springer.

Beck S, et al. Basic life support training using shared mental models
improves team performance of first responders on normal wards: a
randomised controlled simulation trial. Resuscitation. 2019;144:33-9.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Page 9 of 9

Myers SR, Donoghue AJ. Quality improvement and crisis resource man-
agement in pediatric resuscitation. Curr Opin Pediatr. 2019;31(3):297-305.
Deindl P, et al. Influence of mask type and mask position on the effec-
tiveness of bag-mask ventilation in a neonatal manikin. Eur J Pediatr.
2014;173(1):75-9.

Na JU, et al. Influence of face mask design on bag-valve-mask ventilation
performance: a randomized simulation study. Acta Anaesthesiol Scand.
2013;57(9):1186-92.

Kerrey BT, et al. Rapid sequence intubation for pediatric emergency
patients: higher frequency of failed attempts and adverse effects found
by video review. Ann Emerg Med. 2012;60(3):251-9.

Cincotta DR, et al. Debriefing immediately after intubation in a children’s
emergency department is feasible and contributes to measurable
improvements in patient safety. Emerg Med Australas. 2021;33(5):780-7.
Nishisaki A, et al. Effect of just-in-time simulation training on tracheal
intubation procedure safety in the pediatric intensive care unit. Anesthe-
siology. 2010;113(1):214-23.

Hansen M, et al. Prospective evaluation of airway management in pediat-
ric out-of-hospital cardiac arrest. Resuscitation. 2020;156:53-60.
Tarpgaard M, Hansen TM, Rognds L. Anaesthetist-provided pre-hospital
advanced airway management in children: a descriptive study. Scand J
Trauma Resusc Emerg Med. 2015,23:61.

Easley RB, et al. Prospective study of airway management of children
requiring endotracheal intubation before admission to a pediatric inten-
sive care unit. Crit Care Med. 2000,28(6):2058-63.

Parker MM, et al. Relationship between adverse tracheal intuba-

tion associated events and PICU outcomes. Pediatr Crit Care Med.
2017;18(4):310-8.

Morgan RW, et al. Hemodynamic effects of chest compression inter-
ruptions during pediatric in-hospital cardiopulmonary resuscitation.
Resuscitation. 2019;139:1-8.

Bircher NG, Chan PS, Xu Y. Delays in cardiopulmonary resuscitation,
defibrillation, and epinephrine administration all decrease survival in in-
hospital cardiac arrest. Anesthesiology. 2019;130(3):414-22.

Brouwer TF, et al. Association between chest compression interruptions
and clinical outcomes of ventricular fibrillation out-of-hospital cardiac
arrest. Circulation. 2015;132(11):1030-7.

Lauridsen KG, et al. Association between chest compression pause
duration and survival after pediatric in-hospital cardiac arrest. Circulation.
2024,149(19):1493-500.

Wang HE, et al. Interruptions in cardiopulmonary resuscitation from
paramedic endotracheal intubation. Ann Emerg Med. 2009;54(5):645-652.
el.

White JR, et al. Performance of advanced resuscitation skills by pediatric
housestaff. Arch Pediatr Adolesc Med. 1998;152(12):1232-5.

Lollgen RM, et al. Recommendations of the Netzwerk Kindersimulation
for the implementation of simulation-based pediatric team trainings: a
Delphi process. Children. 2023;10(6):1068.

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



	To intubate or to resuscitate: the effect of simulation-based training on advanced airway management during simulated paediatric resuscitations
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Simulation-based training
	Study participants
	Study scenarios
	Performance evaluation
	Sample size
	Data analysis

	Results
	Basic airway management
	Advanced airway management
	Influence of airway management on advanced life support interventions
	Differences in airway management in relation to the maintenance of a PICU

	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements
	References


