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Zusammenfassung

Einleitung: Die erweiterte Stabilisierung und Reanimation von Neugeborenen nach der
Geburt ist selten erforderlich, geht jedoch mit einem hohen Risiko einher, weshalb sich diese
klinische Situation ausgezeichnet fiir simulationsbasiertes Teamtraining eignet. In situ-
Simulationstraining, also Training im tatsdchlichen klinischen Arbeitsumfeld, bietet
zusitzliche Vorteile, jedoch wurde bislang nur fiir wenige medizinische Fachgebiete
wissenschaftlich belegt, ob es tatsdchlich hilft Patient*innenversorgung und -Outcome zu
verbessern. Das Ziel dieser Studie war daher, an einer neonatologischen Intensivstation (i) die
Qualitdt der postnatalen Stabilisierung und Reanimation zu erheben und (ii) den Einfluss von
in situ-Simulationstraining auf patient*innenrelevante Qualitdtsindikatoren zu untersuchen.
Material und Methoden: Nach Zustimmung der lokalen Ethikkommission fiihrten wir eine
prospektive Beobachtungsstudie an der Klinischen Abteilung fiir Neonatologie, Medizinische
Universitit Graz, durch. Inkludiert wurden darin angestellte Arzt*innen und neonatologische
Pflegepersonen auf freiwilliger Basis nach deren Aufklirung und Zustimmung. Die Aus-
/Weiterbildungsmaf3inahme umfasste einen Zeitraum von vier Monaten, wahrend dem in situ-
Simulationstraining regelmédfBig flir Studienteilnehmer*innen in interdisziplindren und
interprofessionellen Teams durchgefithrt wurde. Die Trainings erfolgten mithilfe eines
hochrealistischen Neugeborenensimulators, die Trainingsszenarien fokussierten auf die
haufigsten neonatalen Krankheitsbilder und die Trainings wurden jeweils von strukturierten
Debriefing-Einheiten gefolgt.

Wihrend zweier, jeweils zweimonatiger Beobachtungsphasen vor (Prd-Training) und nach
der Aus-/Weiterbildungsmafinahme (Post-Training) (i) wurde das Niveau der nicht-
technischen Fertigkeiten und des Teamwork wihrend tatséchlicher postnataler Neugeborenen-
versorgungen und -reanimationen beurteilt, (ii)) wurden klinische Patient*innendaten von
Neugeborenen, die an der Klinischen Abteilung flir Neonatologie Graz an einer von der
Ethikkommission genehmigten klinischen Studie teilnahmen, gesammelt und (iii) wurde das
individuelle Wissen der Trainingsteilnehmer*innen iiber Neugeborenenreanimationsleitlinien
mittels Fragebdgen erhoben. Die primire ZielgroBe der Studie war die Qualitdt der nicht-
technischen Fertigkeiten und der Teaminteraktion widhrend tatsdchlicher postnataler

Neugeborenenversorgungen und -reanimationen, welche anhand von Videoaufzeichnungen




im KreiBlsaal durch zwei externe, verblindete Neonatologen unter Verwendung des
Anaesthetists' Non-Technical Skills (ANTS)-Score beurteilt wurde.

Ergebnisse: Insgesamt wurden 41 in situ-Simulationstrainings durchgefiihrt. Beim Vergleich
der 12 Teamvideos der Pri- und der 13 Teamvideos der Post-Trainingsphase zeigte sich im
ANTS-Score bereits vor der Einfiihrung des in situ-Simulationstrainings ein hohes Niveau an
nicht-technischen Fertigkeiten und Teaminteraktion, welches nicht weiter zunahm. Es fand
sich jedoch eine signifikante Zunahme im Teamwork-Ereignis ,,Evaluation von Pldnen” nach
der Durchfiihrung der in situ-Simulationstrainings (0,5 [Interquartilsabstand 0,0-1,0] versus
1,0 [1,0-2,0], p=0,049). Das individuelle Wissen der Trainingsteilnehmer*innen {iber
Neugeborenenreanimationsleitlinien war nach den in situ-Simulationstrainings ebenfalls
signifikant verbessert, wihrend sich keine Unterschiede in der Zeit bis zur Auskultation der
Herzfrequenz und bis zum ersten Beatmungshub, Anzahl der endotrachealen
Intubationsversuche, arteriellen Sauerstoffsittigung und Herzfrequenz, Korpertemperatur, den
Apgar-Scores, Pneumothorax-Inzidenz, Krankenhausaufenthaltsdauer und Mortalitdt zeigten.
Konklusion: Ein in situ-Simulationstrainingsprogramm wurde erfolgreich iiber vier Monate
implementiert und durchgefiihrt. Wahrend es keine Verbesserungen bei klinischen Outcome-
Parametern in der Post-Trainingsphase gab, so unterstreicht die Zunahme eines Teamwork-
Ereignisses, welche eine der priméren StudienzielgrofBen waren, nicht nur die Effektivitét der
Aus-/Weiterbildungsmaflinahme, sondern auch das Potential von in situ-Simulationstraining

zur Verbesserung von Patient*innenversorgung und -Outcome.




Abstract

Introduction: Advanced stabilization and resuscitation of newly born infants after birth is a
high-risk, low-occurrence event, which lends itself well to simulation-based team training. In
situ simulation training, i.e. training in the real healthcare environment, offers added benefits,
but it has only been shown for a few medical disciplines if it actually improves healthcare
delivery and patient outcome. Therefore, the aim of this study was to (i) assess the quality of
postnatal stabilization and resuscitation and (ii) evaluate the impact of in situ simulation
training on quality indicators of patient care at a neonatal intensive care unit.

Materials and Methods: After approval by the local Ethics Committee, we performed a
prospective observational study at the Division of Neonatology, Medical University of Graz,
including employed physicians and neonatal nurses on a voluntary basis after informed
consent. The educational intervention consisted of a period of four months, during which in
situ simulation training was delivered regularly for study participants in interdisciplinary and
interprofessional teams. Using a high-fidelity neonatal simulator, training scenarios focused
on main neonatal diseases, and structured debriefings were held after each training session.
During two two-month observational phases before (pre-training) and after the educational
intervention (post-training), we (i) assessed the level of non-technical skills and teamwork
during actual events of postnatal stabilization and resuscitation, (ii) collected clinical patient
data of neonates who participated in one of the Ethics Committee approved clinical studies at
the Division of Neonatology Graz, and (ii1) investigated individual knowledge of neonatal
resuscitation guidelines among training participants using a questionnaire. The primary study
outcome was the quality of non-technical skills and team interaction during actual postnatal
stabilization and resuscitation, which was analysed from delivery room video recordings by
two external, blinded neonatologists using the Anaesthetists' Non-Technical Skills (ANTS)
score.

Results: A total of 41 in situ simulation trainings were delivered. When comparing 12 team
videos from the pre- and 13 team videos from the post-training period using the ANTS score,
there was an already high level of non-technical skills and team interaction before the
implementation of in situ simulation training, which did not further improve. Still, there was a
significant increase in the teamwork event “evaluation of plans” following the delivery of in

situ simulation training (0.5 [IQR 0.0-1.0] versus 1.0 [1.0-2.0], p=0.049). Training
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participants’ knowledge of neonatal resuscitation guidelines was also significantly improved
after in situ simulation training, while there were no differences in time to heart rate
auscultation and first ventilation breath, number of endotracheal intubation attempts, arterial
oxygen saturation and heart rate, body temperature, Apgar scores, incidence of pneumothorax,
length of hospitalization, and mortality.

Conclusion: An in situ simulation training program has been successfully implemented and
delivered over a period of four months. While there were no improvements in clinical
outcome parameters in the post-training period, the observed improvement in one teamwork
event, which was among this study’s primary outcome parameters, emphasizes not only the
effectiveness of the educational intervention, but also the potential of in situ simulation

training to improve healthcare delivery and patient outcome.




1. Introduction

1.1 Perinatal transition

The transition from intra- to extrauterine life is a complex and dynamic physiological process
that involves substantial pulmonary, respiratory, cardio-circulatory, haemodynamic,
thermoregulatory, endocrine, and metabolic changes, requiring “rapid, complex and well-
orchestrated steps”. (1) The major adaptive processes during this sensitive period, and their
implications for postnatal stabilization and neonatal resuscitation after birth, will be discussed

in the following chapters.

1.1.1 Pulmonary development and respiratory transition

As early as at the 26" post-conceptional day, the right and left lung buds can be identified as
individual pouches of the primitive foregut. (2) Foetal lung development occurs in five stages,
i.e. embryonic, pseudoglandular, canalicular, saccular, and alveolar. (3)

Beginning with organogenesis in the fourth week of foetal life, these stages of lung
maturation are not happening in strict sequence, but they are rather overlapping because lung
development begins in central parts of the developing organ and then progresses into its
periphery. (2) The canalicular stage of lung development from weeks 16 to 26 is of special
importance to the discipline of neonatology, as (i) first air-blood barriers develop in future
alveolar ducts and saccules through convergence of the alveolar epithelium with
mesenchymal blood vessels and (ii) surfactant production by type II epithelial cells
(pneumocytes) begins. (2) These essential developmental processes of the foetus define the
limit of viability — also referred to as ‘grey zone’ (4) — in the care of extremely preterm
neonates, which is usually considered between 22 and 24 weeks of gestation. (5,6)

The saccular stage spans weeks 24 to 38 of intrauterine development and is characterized by
an expansion of future airspaces. (2) Lung fluid is a main driving force of foetal lung growth
and maturation, (7,8) as the associated intrapulmonary pressure keeps the lungs constantly
expanded. (9) Active chloride transport has been identified as the central mechanism of foetal
lung fluid secretion. (1,10)

Beginning during the 36" week, alveolarization occurs by new septa lifting off immature, pre-
existing parenchymal septa, which contain a double-layered capillary network, thus further

dividing the foetal airspaces. (2) It has been known for decades that the number of alveoli
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increases from a range of zero to 50 million to more than 300 million alveoli in adult lungs.
(11) However, it was generally believed that the process of alveolarization stops after
approximately two to three years of age; novel imaging methods, however, have shown that
neo-alveolarization occurs even through childhood and adolescence. (12) Furthermore,
“catch-up alveolarization” has been suggested in former extremely preterm neonates, based
on comparable alveolar sizes at an age of ten to fourteen years between those and former term

born children. (13)

First foetal breathing movements can already be observed at ten weeks of gestation. (1) They
are essential for normal foetal lung growth, as they counteract lung recoil. (14) Foetal
breathing movements origin from neuronal activities in the respiratory centre located in the
brainstem, (15) they are intermittent and related to foetal cycles of rest and activity and, thus,
change as the central nervous system matures over time. (14) At 24 to 28 weeks of gestation,
foetuses show breathing movements about 14% of the time, increasing to about 30% until
weeks 32 to 40. (16,17) Factors inhibiting foetal breathing movements are hypoxaemia (both
acute and chronic [18]), hypoglycaemia, maternal alcohol consumption, maternal smoking,
amniotic infections, and maternal consumption of sedative or narcotic drugs, (1,14) while
hyperoxaemia, hypercapnia, hyperglycaemia, aminophylline, and betamethasone have been
recognized as stimulants of foetal breathing movements. (1,17,19) Foetal breathing
movements also have an effect on lung maturation, as the complete lack thereof is associated
with disturbed differentiation of type II pneumocytes, resulting in impaired synthesis, storage,

and secretion of surfactant. (15)

For uncomplicated adaption to postnatal life, lungs must be cleared from fluid and expanded
by establishing and maintaining functional residual capacity. (8) Before spontaneous vaginal
birth, the secretion of chloride and lung fluid by the lung endothelium decreases, mediated by
cortisol, adrenaline, and thyroid hormones. (20) Furthermore, at term age sodium is being
absorbed via epithelial surface sodium channels, effectively removing lung fluid from the
alveoli into the epithelial cells. (20,21) In addition, spontaneous breathing efforts also
contribute significantly to fluid removal and lung aeration, as Siew et al. (22) showed in near-
term rabbit pups that they generated a functional residual capacity of 16.2 + 1.2ml/kg over the

first five breaths and that 94.8 = 1.4% of lung aeration occurred during inspiration.




Accordingly, 16 out of 17 neonates were able to establish a functional residual capacity after
the first spontaneous breath in the study by Milner et al. (23), who used oesophageal balloons
and a reverse plethysmograph for their measurements. Braked expiration, by either crying,
grunting or an expiratory hold, has been identified as a mechanism of postnatal lung
recruitment in both term and preterm neonates due to the high compliance of the chest wall.
(24) First breaths after birth are characterized by high flow levels during inspiration, short
inspiration times of around 0.3 seconds, and long expiration times of around one second. (24)
In neonates born at term, an increase in median respiratory rates from 45 over 50 to 60 breaths
per minute has been demonstrated at one, two, and five minutes after birth, respectively. (25)

While the majority of term and preterm neonates present with spontaneous breathing efforts
after birth, (1) the trigger factors for the change from periodic foetal breathing to continuous
postnatal breathing are still not completely understood. (19) Hypercapnia is a powerful
stimulant for postnatal breathing, but physical stimuli such as light, noise, lower ambient
temperatures, and obstetrical handling during birth probably contribute to the onset of
breathing as well. (18-20) Chemosensitivity to hypoxaemia continues to develop postnatally,
(26) which may explain why neonates are rather insensitive to hypoxaemia shortly after birth.
(19) The “vaginal (or thoracic) squeeze”, describing the passive compression of the foetal
thorax when passing through the birth canal, only plays “a very minor role” in lung fluid

clearance. (8,19)

Foetal oxygen saturation is as low as 45-65%, (19) resulting in the metaphor of “Mount
Everest in utero”. (27) In foetuses of 39.5 + 1.3 weeks of gestation during the first stage of
labour with suspicious or pathologic foetal heart rates, Goffinet et al. (28) reported even lower
values with a median arterial oxygen saturation (SpO2) of 42% (10" and 90" percentile: 30%
and 53%, respectively).

After birth, reference ranges for SpO> in respiratory stable neonates showed a wide range
between 29% and 92% (3™ and 97" percentile, respectively), and a median time of 7.9
minutes (interquartile range [IQR] 5-10 minutes) to reach an SpO> of above 90%. (29)
Neonates delivered by Caesarean section or those born prematurely have lower SpO. levels

and require a longer time to reach values of 85% or above. (29-31)
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1.1.2 Cardiac development and cardio-circulatory transition
The heart develops from the primary heart tube to its four-chambered structure between 20
and 44 days of gestation. (32) Approximately at the 22"¢ post-conceptional day, the first heart
beat occurs. (1) Foetal circulation is mainly characterized by:

— gas exchange occurring via the placenta,

— right-to-left shunts via the Foramen ovale and Ductus arteriosus, ensuring maximal
oxygen supply to the developing brain and heart via the carotid and coronary arteries,
respectively,

— Ductus venosus flow providing the majority of left-ventricular output

— inferior and superior Vena cava flow providing most of right ventricular output, and

— high pulmonary resistance and consecutive low pulmonary blood flow. (1,33)

In the placenta, a concentration gradient allows for oxygen transfer from the placental space
into villi, which contain capillary vessels that ultimately form the umbilical vein. (1) Median
partial pressure of oxygen (pO2) in umbilical venous blood is around 27.4mmHg (25" and
75" percentile: 20.5mmHg and 33.8mmHg, respectively), which has a median oxygen
saturation of 56% (25" and 75™ percentile: 35% and 72%, respectively). (34) Around 50% of
the blood flow in the umbilical vein bypasses the liver through the Ductus venosus and
collects deoxygenated blood from the hepatic veins and the inferior Vena cava before entering
the right atrium. (20,33) Due to the higher pressure in the right atrium, the rather well
oxygenated blood from the Ductus venosus mainly flows into the left atrium via the Foramen
ovale, from where it is ejected by the left ventricle into the ascending aorta. (8,33) The
remaining venous blood flow to the right atrium, especially from the inferior and superior
Vena cava, is directed at the right ventricle and the pulmonary artery. Relative foetal hypoxia
causes vasoconstriction of the pulmonary arteries (20) and, therefore, only 10 to 25% of the
right ventricular output reaches the lungs, while most of the poorly oxygenated blood flows
across the Ductus arteriosus into the descending aorta. (33) The amount of pulmonary blood
flow increases over time, (20) but it still remains around 28% of the total blood flow in the
main pulmonary artery (74ml/kg/minute out of 261ml/kg/minute) in late-gestation foetuses.

(35)
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A decrease in pulmonary vascular resistance leading to an increase in pulmonary blood flow,
an increase in systemic vascular resistance, and the reversal and, later, closure of right-to-left
shunts are essential for uncomplicated cardio-circulatory transition at birth. (8,19)

During the first breaths after births, pulmonary vascular resistance decreases significantly due
to the aeration of the lungs, the increase in oxygenation and vasodilation of the pulmonary
arteries. (1,20) The pressure decrease in the right atrium and the rapidly increased blood flow
from the pulmonary veins to the left atrium reverse the atrial pressure gradient, leading to the
physiological closure of the Foramen ovale. (8) The postnatal increase in arterial pO leads to
vasoconstriction of the Ductus arteriosus and the umbilical arteries, while the decreased blood
flow causes a collapse of the umbilical vein and Ductus venosus. (1,8) In healthy term
neonates, Ductus arteriosus shunting usually changes from right-to-left to a predominant left-
to-right shunt within 10 minutes after birth. (36) Systemic vascular resistance increases
primarily due to the loss of the high-flow, low-resistance system of the placenta by clamping
of the umbilical cord, (19) but other factors also contribute to this important physiological
process, such as an increase in thromboxane 2 and vasopressin levels. (37)

Clamping of the umbilical cord after aeration of the lungs has been proven beneficial for
postnatal transition. Bhatt et al. (38) showed in preterm lambs that clamping of the umbilical
cord before ventilation resulted in a significant decrease in heart rate (HR) and right
ventricular output, which was reversed by ventilation. Conversely, if umbilical cord clamping
was delayed for three to four minutes after initiation of ventilation, HR was not affected and
the decrease in right ventricular output was less pronounced. (38) Accordingly, a higher
incidence of death or hospital admission has been described in healthy term born neonates if
umbilical card clamping was performed prior to initiation of spontaneous breathing. (39)
Therefore, this “physiological sequence” (40) of delaying clamping of the umbilical cord until

after successful lung aeration has been widely adopted.

1.1.3 Thermoregulatory transition

In utero, temperature exchange between mother and foetus occurs via the placenta, the uterus
and the amniotic fluid. (41,42) Gilbert et al. (43) illustrated that 84.5% of heat exchange takes
place in the placenta via circulation. As the foetal metabolic rate is rather high, foetal
temperature is 0.3-0.5°C above the mother’s body temperature. (41) Foetal temperature is

closely related to maternal body temperature, but Laburn et al. (44) showed in sheep that
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maternal fever was associated with a significant increase in the foeto-maternal temperature
gradient, suggesting compromised foetal heat loss.

After birth the neonate must rapidly adapt to lower environmental temperatures. Mechanisms
involved in postnatal thermoregulation are non-shivering thermogenesis through lipolysis in
brown adipose tissue, and, to a lesser degree, piloerection and shivering thermogenesis. (45)
Brown adipose tissue, which has been recognized as a “thermogenic organ” (45) with many
mitochondria and fat vacuoles, is typically found in the neck, axillae, back, mediastinum,
abdomen, and thighs, constituting around 5% of neonatal body weight. (46) Preterm and
growth-restricted neonates possess less brown adipose tissue and are, therefore, more prone to
cold stress and hypothermia after birth. (20)

Generally, their high body surface-to-volume ratio and wet skin due to amniotic fluid place
neonates at significant risk of postnatal hypothermia. (42,47) Evaporation of amniotic fluid is
the main mechanism of heat loss after birth, but convection due to lower ambient
temperatures, conduction, and radiation also are contributing factors. (48) Heat loss is most
pronounced during the first 30 minutes after birth, (48) and un-dried neonates cared for at a
room temperature of 25°C may even lose 2.1°C in rectal body temperature during this short
time span. (49)

Postnatal hypothermia, defined as a body temperature below 36.5°C, (48) is a significant risk
factor for neonatal morbidity and mortality. Laptook et al. (50) reported a relative increase in
mortality of 28%, and in the incidence of late-onset sepsis in 11%, for each degree of Celsius
decrease in low-birth-weight-infants’ body temperature at admission. Correspondingly,
hypothermia is associated with significantly increased risks of mortality, intraventricular
haemorrhage, bronchopulmonary dysplasia, sepsis, and retinopathy of prematurity in very-
low-birth-weight infants. (51) Nonetheless, incidences of neonatal hypothermia remain high
even in specialized perinatal centres, (52,53) especially among preterm neonates, those born
with a low birth weight, and neonates requiring resuscitation. (54)

Hyperthermia after birth has been defined as a body temperature above 37.5°C. (48) It can be
caused by elevated maternal body temperature due to factors such as epidural analgesia,
chorioamnionitis, prolonged rupture of membranes, or overheated delivery rooms. (42) In
addition, “over-enthusiastic thermal care” (42) may also render a proportion of neonates,
especially those born before 30 weeks of gestation, hyperthermic. (55) The risk associated

with postnatal hyperthermia must not be underestimated, as Lyu et al. (56) reported a
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significant association between their defined composite outcome, i.e. severe neurological
injury, severe retinopathy of prematurity, necrotizing enterocolitis, bronchopulmonary
dysplasia, and nosocomial infection, and elevated admission body temperature in preterm

neonates below 33 weeks of gestation.

1.2 Postnatal stabilization and resuscitation

The majority of term born neonates will undergo perinatal transition without requiring
medical support. (57) Nonetheless, in the study by Bjorland et al. (58) 6.2% of 4693 neonates
required interventions beyond drying and tactile stimulation in the first minutes after birth,
including positive pressure ventilation (PPV) (3.6%), endotracheal intubation (0.4%), chest
compressions (0.2%), and adrenaline administration (0.1%). Several ante- and intrapartum
risk factors for the need for delivery room intubation, chest compressions, and/or emergency
medications have been identified, among them intrauterine growth restriction, meconium-
stained amniotic fluid, chorioamnionitis, delivery by forceps or vacuum extraction, maternal
general anaesthesia, and foetal bradycardia. (59)

Although neonatal mortality, i.e. death within the first 28 days after birth, has decreased
significantly since 1990, the estimated global number of neonatal deaths is still as high as 2.5
million neonates per year. (60) Perinatal asphyxia is among the main causes of neonatal
mortality, (61) and it may account for up to 61% of early neonatal death within the first 24
hours after birth. (62)

1.2.1 Postnatal clinical assessment

In 1953, Virginia Apgar published a report where she described the standardized assessment
of neonates one minute after birth based on five, easily to determine clinical parameters: HR,
respiratory effort, reflex irritability, muscle tone, and skin colour. (63) Her motivation for
establishing such a scoring system was “to predict survival, to compare several methods of
resuscitation which were in use at the time, and through the infant's responsiveness after
delivery, to compare perinatal experience in different hospitals™. (64) She suggested to score
each parameter with either zero (if absent), one, or two (if present) points and reported from
her initial experience at the Sloane Hospital for Women, New York, United States of
America, that neonates scored with eight to ten points, i.e. the maximum score, were in good

clinical condition, while those receiving zero to two points were in poor condition with death
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rates ranging from 9 to 14%. (63) In a larger study in 15348 neonates, Apgar et al. (65) again
showed a significant difference in mortality between neonates receiving zero to two and those
being scored with ten points at one minute after birth (15% versus 0.13%, respectively).
Accordingly, Crawford et al. (66) demonstrated a significant correlation between HR,
respiratory effort, reflex irritability, and muscle tone, but not skin colour, and pH values,
partial pressure of carbon dioxide (pCO2), and base excess in umbilical artery blood.

Since the first description, the scoring system suggested by Virginia Apgar has developed into
the gold standard for postnatal assessment of neonates’ condition and “today an Apgar score
is assigned to virtually every baby born in a hospital”. (67) Even 60 years after Apgar’s
groundbreaking first report, (63) the scoring system named after her is being recognized as
valuable in predicting death within one year after birth. (68)

Nonetheless, the Apgar score also has significant limitations. Perinatal anaesthesia and the
presence of congenital malformations may negatively influence the score. (69) The
applicability of the Apgar score in preterm neonates has been questioned, as muscle tone and
breathing, for example, are related to physical and physiological maturity. Correspondingly,
birth weight and gestational age positively correlate with Apgar scores. (70,71) Furthermore,
despite its standardized design, Apgar scoring is subjective and, therefore, interrater
variability 1s high. O’Donnell et al. (72) found a mean difference of 2.4 points when medical
and nursing staff retrospectively reviewed delivery room videos, with the lowest interobserver
reliability (0.30) for the evaluation of skin colour. To correct for prematurity and the need for
medical interventions after birth, modifications of the initial Apgar score have been
developed. Riidiger et al. (73) combined the “Specified-Apgar”, which describes a neonate’s
condition irrespective of gestational age or required medical interventions, and the
“Expanded-Apgar”, which accounts for resuscitative interventions that are required to achieve
a certain clinical condition. They found that the “Combined-Apgar” allowed for a more
accurate evaluation of preterm neonates’ condition, suggesting its use in extremely and very

preterm neonates. (73)

The Apgar score was not intended to predict or decide upon postnatal resuscitation. (74)
Nonetheless, current neonatal resuscitation guidelines recommend assessing HR, respiratory
rate, and muscle tone immediately after birth to identify neonates at risk, who will most

probably require medical interventions. (74,75)
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Already in her first report, Apgar (63) identified HR as “the most important diagnostic and
prognostic” scoring parameter, hence suggesting to give a score of two points if the HR was
100-140 beats per minute. Since then, initial HR after birth and its response to PPV have been
identified as significant predictors of the 24-hour outcome, with the risk of death decreasing
by 2% for every additional heart beat per minute. (76) Accordingly, prolonged bradycardia
below 100 beats per minute for two or more minutes is associated with higher odds of hospital
mortality in preterm neonates below 32 weeks of gestation. (77)

However, there are no absolute thresholds for neonatal HR that ultimately demand medical
interventions. Current neonatal resuscitation guidelines recommend a heart of or above 100
beats per minute as satisfactory, (75) but such cut-off values are arbitrary. (78) Dawson et al.
(79) reported a median HR of 96 beats per minute (IQR 65-127) in neonates with a mean
gestational age of 38 weeks, which increased to a median of 163 beats per minute (IQR 146-
175) at minute 5 after birth, showing that a relevant proportion of healthy neonates has a HR
below 100 beats per minute one minute after birth. In contrast, term neonates after vaginal
delivery with delayed cord clamping had a median HR of 175 beats per minute (IQR 57-189)
at 61 seconds after birth, which slowly decreased from thereon. (80)

HR can be assessed by palpation of arterial pulses or the umbilical cord, by cardiac
auscultation or by continuous monitoring provided by pulse oximetry or electrocardiogram
(ECG), among other technologies. Palpating femoral or brachial pulses has been proven
unreliable for the correct detection of neonatal HR. (81) Apgar (63) postulated that “palpation
of the cord about two inches from the umbilicus is the most satisfactory method for
determining the heart rate quickly”, but pulsations cannot be detected in all neonates (82) and
HR by umbilical cord palpation may only be accurate in 55% of neonates. (81) Cardiac
auscultation using a stethoscope is an inexpensive and almost ubiquitously available
technique to assess HR in neonates after birth — furthermore, HR assessment by auscultation
can be performed rather quickly within a median of 14 seconds, but it generally
underestimates continuous HR monitoring via ECG by a mean of nine beats per minute. (83)
Pulse oximetry can accurately measure neonatal HR, (84) but peripheral hypoperfusion,
movement artefacts, cardiac arrhythmias, and interference by light can significantly reduce
the quality of pulse oximetry (75) and low signal quality leads to underestimation of HR. (85)
Furthermore, HR assessment is significantly faster with ECG monitoring in comparison to

pulse oximetry. (86) Therefore, current neonatal resuscitation guidelines suggest ECG “to
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provide a rapid and accurate estimation of heart rate” in the delivery room. (75) In addition,
the use of ECG is recommended in cases where cardiopulmonary resuscitation is required in
neonates after birth. (74) Importantly, in depressed neonates with a HR above 60 beats per
minute, pulseless electric activity should be ruled out by pulse oximetry, cardiac auscultation,

and/or palpation of pulses. (74,87,88)

1.2.2 Airway management and non-invasive respiratory support after birth

In those neonates with “incomplete” or even “poor or failed” transition, based on heart rates
below 100 or below 60 beats per minute, inadequate breathing or apnoea, and reduced or
floppy muscle tone, current neonatal resuscitation guidelines recommend to clamp the
umbilical cord immediately, to dry, stimulate and wrap the neonate in a warm towel, and to
establish and/or maintain an open airway. (75)

Techniques to open the upper airway include placing the neonate in supine position with the
head in a neutral position. (75) Other recommendations include placing the neonatal head in a
“sniffing” position, defined as “neck flexion with upper cervical extension”, (89) which is
characterized by a mean angle of 90.5 + 5.7° between a virtual line through the subnasal
region and the centre of the upper contour of the external auditory canal and a line parallel to
the mattress, respectively. (90) Lifting the neonate’s chin and/or applying the jaw thrust
manoeuvre, i.e. moving the jaw in an upward and anterior position with both hands at the
mandibular angles, may further help achieving upper airway patency. (89,91)

Airway obstruction after birth can also be caused by amniotic fluid, whether clear or
meconium-stained, blood, mucus, or vernix caseosa. However, the emphasis of postnatal
resuscitation in apnoeic or inadequately breathing neonates is on establishing pulmonary
ventilation as soon as possible and, therefore, routine airway suctioning is not recommended
in non-vigorous neonates after birth. (75) Inspection of the mouth and pharynx and
suctioning, in case of visible obstruction, should only be performed after initial ventilation
attempts have failed. (75)

There is a high incidence of so-called difficult airways among neonates and children, with an
incidence of 5.8% among 5609 patients with a mean gestational age of 38 weeks at the time
of their respective anaesthesia in the NECTARINE study. (92) Difficult neonatal airways can
be categorized as anatomically difficult (e.g. due to small airway diameters or congenital

anomalies), as physiologically difficult (due to cardiorespiratory instability, e.g. as in
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neonates with pulmonary hypertension), and as both anatomically and physiologically
difficult, as in extremely preterm neonates. (93) Based on the clinical situation, the available
preparation time, the local expertise, and the available resources, management options for
difficult airways differ — they include utilization of oro- or nasopharyngeal airways,
supraglottic airways, video laryngoscopy, tracheal tube introducers and stylets, fiberoptic or
bronchoscopic intubation, premedication such as muscle relaxants, apnoeic oxygenation, and

establishing surgical airways. (93,94)

If airway patency has been ensured in non-vigorous neonates after birth, yet breathing efforts
are still ineffective or missing, initiating PPV is now of utmost importance, “ideally within 60
s of birth”. (75) This aims at supporting respiratory transition, which is a three-phased
process: (i) clearance of lung fluid and lung aeration, (ii) maintaining gas exchange despite
air-liquid surface tension and increased perialveolar interstitial tissue pressure, and (iii) gas
exchange and metabolic homeostasis after fluid clearance from interstitial tissue. (95)
Effective lung aeration depends on numerous factors, among them airway patency, the total
amount of lung fluid, airway diameters, alveolar surface, peak inspiratory pressure, and
pressure duration. (95,96)

Given this manifold influencing factors, which are further affected by gestational age, mode
of delivery, and pre-existing conditions such as sex and birth weight, it is not surprising that
recommendations how to deliver PPV in neonates after birth vary. The European
Resuscitation Council (ERC) recommends delivering five inflations with inspiratory times of
two to three seconds, followed by short inflations at a rate of 30 per minute in case of an
increase in HR and visible chest rise, (75) while the American Heart Association advocates
delivering PPV at a rate of 40-60 inflations per minute with inspiratory times of no longer
than one second. (74) Regardless of these different recommendations, both guidelines
emphasize the importance of initiating respiratory support in apnoeic neonates or those
suffering from respiratory distress immediately, as the risk of death or prolonged hospital
admission increases by 16% for every 30-second delay in PPV. (97) Conversely, effective
mask ventilation in apnoeic near-term and term neonates leads to a median increase in HR of
60 beats per minute after only 23 seconds of ventilation. (98)

Besides an increase in HR, bilateral chest rise by visual assessment suggests effective

ventilation. However, there is a poor correlation between clinical estimation and actual tidal
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volumes, and delivered tidal volumes are often underestimated by treating physicians in the
delivery room. (99,100) Measuring exhaled carbon dioxide levels as an indicator of lung
aeration may help guiding respiratory support, (95,101) although a randomized controlled
trial did not find an improvement in pCO» levels through end-tidal carbon dioxide monitoring
in the delivery room. (102)

By displaying inflation parameters such as peak inspiratory pressure, positive end-expiratory
pressure (PEEP), tidal volume, gas flow, and face mask leak, respiratory function monitoring
may help individualized, targeted and, thus, safe PPV. (95,103) While Schmélzer et al. (104)
found significantly reduced face mask leak and a lower number of endotracheal intubations in
the delivery room in a group with a visible respiratory function monitor, a multi-centre
randomized controlled trial did not report an improvement in targeted tidal volume delivery
through availability of respiratory function monitoring. (105) The latter finding may at least in
part be attributed to difficulties in visual assessment of respiratory waveforms, with low

interrater reliability especially in regard to positive pressure inflations. (106)

Self-inflating ventilation bags are commonly used to deliver PPV to neonates after birth, as
they are available at low cost and do not require constant gas flow. (107) However, in
comparison to T-piece resuscitators, self-inflating ventilation bags are associated with more
excessive peak inspiratory pressures during PPV in the delivery room. (108) Furthermore,
delivery of peak inspiratory pressure and PEEP, which supports the generation of functional
residual capacity during ventilation especially in the preterm population, (109) is most
accurate and consistent with T-piece resuscitators in comparison to flow-inflating and self-
inflating ventilation bags. (110) A meta-analysis of four randomized controlled trials
including 1247 patients revealed shorter duration of PPV and a reduced risk of
bronchopulmonary dysplasia when using a T-piece resuscitator compared to a self-inflating
bag. (111) Therefore, using a T-piece resuscitator is being recommended in the delivery room

depending on availability. (75)

Plastic face masks are the most commonly used interfaces to deliver non-invasive respiratory
support in the delivery room. (107) There is no difference in face mask leak between
anatomically shaped and round ones, (112) and mask hold technique (“two-point top hold”

versus “spider hold” versus “two-handed hold”) does also not alter face mask leak. (113)
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However, as delivery of PPV via a face mask is challenging even in the hands of experienced
healthcare providers, laryngeal mask airways have come into focus as potential primary
ventilation interfaces. Trevisanuto et al. (114) reported higher rates of effective PPV in
neonates ventilated with laryngeal mask airways in comparison to conventional face masks.
In contrast, a large phase 3 trial did not find a difference in the primary outcome (death within
seven days or admission to the neonatal intensive care unit with moderate-to-severe hypoxic
ischaemic encephalopathy) when comparing delivery of PPV either via a laryngeal mask
airway or face mask. (115) Therefore, laryngeal mask airways may be used in term and
preterm neonates equal to or above 34+0 weeks of gestation, especially if conventional PPV

using a face mask fails. (75,116)

Face mask leak and airway obstruction are common challenges when delivering respiratory
support to neonates after birth, even for experienced healthcare professionals. Schmolzer et al.
(117) reported significant face mask leak in 51% of preterm neonates receiving PPV and
airway obstruction in 26%, whereas Kaufman et al. (118) found median face mask leak
between 24% and 59% during PPV in the delivery room. Corrective interventions comprise
repositioning the airway, opening and/or suctioning the mouth and oropharynx, and
increasing peak inspiratory pressure, among others. (95) The Neonatal Resuscitation
Program® by the American Academy of Pediatrics has summarized ventilation correcting
measures using the acronym “MR SOPA”: mask adjustment, reposition head, suction mouth

and nose, open mouth, pressure increase, and alternative airway. (119)

1.2.3 “Optimizing noninvasive respiratory support during postnatal stabilization: video-
based analysis of airway maneuvers and their effects” (120)

For this study, “we retrospectively analysed data of two prospective observational studies,
which were performed in neonates delivered by Caesarean section between September 2009
and January 2015 at the Division of Neonatology, Medical University of Graz, Austria. Both
studies were approved by our local ethics committee (EK 25-342 ex 12/13 and EK 23-403 ex
10/11). Written parental consent was obtained prior to study inclusion.

We included male and female preterm and term neonates in whom video recordings were
performed as part of the studies and who required mCPAP and/or mPPV during the first 15

min after birth. We excluded patients with congenital cardio-pulmonary malformations,
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primary endotracheal intubation during postnatal stabilization or insufficient quality of video
recording.
Postnatal stabilization and resuscitation was performed by a neonatologist or an experienced
paediatric resident and a neonatal nurse according to current European recommendations.
All neonates were placed in supine position under a radiant warmer. Extremely preterm
neonates were covered with a polyethylene wrap during postnatal stabilization. Respiratory
support was delivered using a T-piece system (Neopuff Infant Resuscitator, Fisher & Paykel
Healthcare, New Zealand) with a round silicone face mask (Laerdal Medical, Norway). Vital
signs were measured by pulse oximetry (IntelliVue MP30 Monitor, Philips, The Netherlands)
with a probe on the right hand or wrist, and near-infrared spectroscopy (NIRS) was measured
with the NIRO 200-NX (Hamamatsu Photonics, Japan) or Invos 5100 device (Somanetics,
United States of America) using a neonatal sensor on the left fronto-parietal head. Face mask
leak was measured using the Florian respiratory function monitor (Acutronic Medical
Systems, Switzerland). Video recordings and measurements were performed during the first
15 min after birth. All data including video recordings were stored digitally in a polygraphic
data management system (Alpha-Trace digital MM, BEST Medical Systems, Austria).
Demographic data were obtained from our electronic patient management system, including
mode of delivery and maternal anaesthesia, sex, gestational age, birth weight, Apgar scores,
and umbilical artery pH. Videos were analysed in regard to mode of respiratory support
(mCPAP/mPPYV), duration of respiratory support (mCPAP/mPPYV), and manoeuvres to
improve respiratory support, including:

— Repositioning of the face mask, defined as complete removal from the face, unless the

face mask was removed with the intention to perform suctioning

Oropharyngeal suctioning

Change between one- and two-hand mask hold

Respiratory support provided by another healthcare professional

Change of face mask, defined as another type or size of face mask

— Change of head position
Furthermore, we collected data of SpO> and HR, both measured by pulse oximetry, cerebral
regional tissue oxygen saturation (crSQOz) measured by NIRS, and face mask leak, which was

calculated by the respiratory function monitor as mean value over a period of 60 s.” (120)
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“Between 1 September 2009 and 31 January 2015, video recordings were available for 653
neonates, 143 of whom (21.9%) required mCPAP and/or mPPV after birth. Nine videos
(6.3%) had to be excluded due to insufficient recording quality.

Median gestational age of the 134 included neonates (76 preterm/58 term neonates, m:f =
60:74) was 35.7 weeks of gestation (28.8-40.6). The median birth weight was 2580g (466-
4670). All neonates were delivered by Caesarean section, 85.1% (114/134) had maternal
spinal anaesthesia and 14.9% (20/134) had maternal general anaesthesia.

We analysed the first 15 min after birth in all 134 neonates, resulting in 2010 min of video
material. Seventy-two neonates (53.7%) received only mCPAP, while the other 62 neonates
(46.3%) were treated with mCPAP and intermittent mPPV. Respiratory support was delivered
for a total of 1028.6 min, with 896.7 min (87.2%) of mCPAP (661.1 min in preterm/235.6 min
in term neonates) and 131.9 min (12.8%) of mPPV (85.7 min in preterm/46.2 min in term
neonates). Prior to initiation of respiratory support, oropharyngeal suctioning was performed
in 20 of 76 preterm neonates (26.3%) and in seven of 58 term neonates (12.1%).

Of the 134 neonates included in this analysis, 105 (78.4%) received at least one manoeuvre to
improve non-invasive respiratory support. In these 105 neonates a total number of 427
manoeuvres was observed, with a median of 2 (0-22) manoeuvres per neonate. The most
common manoeuvre was face mask repositioning (n=243/427, 56.9%), followed by
oropharyngeal suctioning (n=111/427, 26.0%), change between one- and two-hand mask
hold (n=33/427, 7.7%), change of respiratory support delivering personnel (n=26/427,
6.1%), change of face mask (n=10/427, 2.3%), and change of head position (n=4/427, 0.9%).

Of the 427 manoeuvres, 287 (67.2%) occurred in preterm and 140 (32.8%) in term neonates.
We observed a median of three manoeuvres (0-22) in preterm and a median of two
manoeuvres (0-13) in term neonates (p=0.01), thus preterm neonates required adjustment
manoeuvres significantly more often. There were no relevant differences in the choice of
respiratory support improving interventions between preterm and term neonates.

Complete 60-s recordings for SpO> and HR before and after the first respiratory support
improving manoeuvre were available for 37 preterm and 43 term neonates, respectively.
Mean HR was 134 + 35 before and 140 + 22 beats per minute after the first manoeuvre
(p=0.28). SpO: increased non-significantly from a mean of 72.0 = 16.2% to 74.3 £ 16.0%
(p=0.16). crSO; data were available for 30 neonates (13 preterm/17 term neonates), showing

a statistically significant increase after the first manoeuvre (37.3 = 22.0% versus 45.4 +
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21.5%, p=0.001). Face mask leak was 45.2 + 36.1% before and 36.7 + 26.2% after the first

airway manoeuvre in 25 neonates (p=0.27).” (120)

The high incidence of corrective steps in this study underline the challenges that are regularly
encountered during postnatal airway management and non-invasive respiratory support after
birth. The finding of face mask repositioning being the most common airway manoeuvre is
not surprising, given the significant face mask leak during non-invasive ventilation after birth

which has been reported by several studies. (117,118)

1.2.4 Oxygen administration during non-invasive respiratory support after birth

According to current neonatal resuscitation guidelines, respiratory support of term and
preterm neonates equal to or above 35+0 weeks of gestation should be initiated using room
air, i.e. a fraction of inspired oxygen of 0.21. (74,75) Pre-ductal measurement of SpO, by
pulse oximetry should guide further oxygen titration, aiming at targets of 65%, 85%, and 90%
at two, five, and ten minutes after birth, respectively. (75)

Initiating respiratory support after birth with room air in comparison to 100% of oxygen
results in a 27% relative reduction in short-term mortality in term and late preterm neonates.
(121) On the other hand, in neonates suffering from pulmonary disease such as meconium
aspiration syndrome, using low concentrations of inspired oxygen may cause hypoxaemia.
(122) Especially in neonates with perinatal asphyxia and pulmonary pathology, titrating the
fraction of inspired oxygen to reach pre-defined targets, as currently recommended, seems to

constitute the optimal strategy to ensure cardiopulmonary stability. (123)

1.2.5 Cardiopulmonary resuscitation after birth

Cardiopulmonary resuscitation, characterized by alternating chest compressions with PPV
with a fraction of inspired oxygen of 1.0, should be initiated in case of persistent bradycardia
after birth (i.e. HR below 60 beats per minute) after at least 30 seconds of effective
ventilation. (74,75) For this purpose, a ratio of three chest compressions followed by one
inflation breath is being recommended, with the goal of providing 30 inflations and 90 chest
compressions every minute. (74,75) A recent multi-centre, cluster cross-over randomized

trial, which was stopped prematurely, compared continuous chest compressions superimposed

23



by sustained inflations with this 3:1 ratio, but could not identify a difference in return of
spontaneous circulation or neonatal mortality. (124)

Using a two-handed technique for delivery of chest compressions is being recommended (75)
and the two-thumb encircling hands technique is more effective in terms of compression
depth, correct hand position, and provider fatigue than the two-finger technique. (74,125)
Furthermore, in their animal study using a piglet model of neonatal asphyxia, Bruckner et al.
(126) described improved carotid blood flow and left ventricular contractile function
associated with the two-thumb technique and with the over-the-head two-thumb-technique.
Regarding the compression depth, the chest should be compressed by one third of its anterior-
posterior diameter, with adequate time after each compression for chest recoil. (127) This
compression depth of one third of the anterior-posterior thorax diameter has been shown to be

more effective than one fourth, and to be safer than one half of the chest depth. (128)

Administration of adrenaline is indicated if “effective ventilation and chest compressions have

failed to increase the heart rate above 60 min™”

after 30 seconds of cardiopulmonary
resuscitation. (75) Adrenaline is an adrenergic receptor agonist, which causes vasoconstriction
through stimulation of a; and o> receptors, increasing coronary arterial blood pressure and
blood flow, and increased cardiac output via stimulation of B2 receptors. (129) Adrenaline
further increases HR, velocity of cardiac conduction, cardiac contractility, as well as
myocardial relaxation. (130) Adverse effects of adrenaline include increased myocardial
oxygen demand, respiratory and metabolic acidosis, and hypertension or tachycardia after
return of spontaneous circulation. (130)

Intravascular, i.e. intravenous or intraosseous (IO), administration of adrenaline is preferred
over endotracheal instillation, (74,75) as the endotracheal route requires higher doses (131)
and is associated with a significantly longer time until return of spontaneous circulation. (132)
Recommended intravascular doses of adrenaline for postnatal resuscitation are 0.01-
0.03mg/kg, administered repetitively every three to five minutes if the HR remains below 60
beats per minute. (74,75,129) An experimental study in asphyxiated newborn lambs found the
highest rate of return of spontaneous circulation after administration of 0.03mg/kg

epinephrine, followed by a flush of 3ml/kg of normal saline. (133)
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The other recommended drugs during cardiopulmonary resuscitation after birth include
volume expander, glucose, and sodium bicarbonate. Administration of a volume expander
such as 0.9% sodium chloride or group 0 Rhesus-negative blood is required in case of
suspected or proven hypovolaemia or anaemia, respectively. (74,75) Glucose should be
administered “in a prolonged resuscitation” (75) in order to prevent hypoglycaemia, as
glucose is the major substrate for cellular metabolism and hypoglycaemia may cause
neurological symptoms including seizures, systemic hypoperfusion, cyanosis, and right-to-left
shunting. (134) Although a Cochrane review did not identify benefits in mortality before
discharge or pathological neurological findings at discharge, (135) the ERC guideline
recommends to consider sodium bicarbonate “in a prolonged unresponsive resuscitation with

adequate ventilation to reverse intracardiac acidosis”. (75)

Umbilical venous catheterization is the primarily recommended strategy to gain intravascular
access during postnatal resuscitation. (74,75) Experimental studies suggest that peripheral
venous cannulas can be used for emergency umbilical venous access (136) and that placement
of an “emergency umbilical button cannula”, either by standard approach or lateral umbilical
cord incision, is faster in comparison to a standard umbilical venous catheter. (137)

Depending on local expertise and resources, or if umbilical venous access has failed, 10
access has been recognized as an alternative vascular access route for administration of drugs.
(74,75) Although some severe complications related to IO puncture have been described by
case reports, (138) a 91% success rate has been recently reported among 161 neonates, with
only 6% of potentially severe complications. (139) Hence, a systematic review recommended
availability of IO access on neonatal intensive care units and to consider it “for early use in

neonates where other access routes have failed”. (140)

1.2.6 “Use of Intraosseous Vascular Access During Neonatal Resuscitation at a Tertiary
Center” (141)

For this study, we surveyed medical personnel of our neonatal intensive care unit and

performed a retrospective patient chart review based on survey responses:

“The Division of Neonatology at the Department of Paediatrics and Adolescent Medicine,

Medical University of Graz, Austria, is a tertiary 47-bed neonatal intensive care unit covering

8,000 births a year, 3,500 of them being inborn patients. Post-natal stabilization and neonatal
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resuscitation is being performed according to current guidelines. For administration of
emergency drugs during neonatal resuscitation, either umbilical venous catheterization,
peripheral venous puncture or 10 access is being used, depending on patients’ gestational
age, birth weight, and the treating physicians’ individual decision.

A battery powered 10 access device (Arrow EZ-10, Teleflex Medical Europe Ltd., Ireland)
has been in use since April 1*', 2015. Since its introduction, frequent simulation-based
practical trainings regarding its utilization have been delivered to physicians and nurses.

For this purpose, we composed an electronic eight-question questionnaire. A paediatric
resident and a neonatal nurse, who were both not involved in study design and data analysis,
tested the first draft of the questionnaire for clarity of language and content. Finalized
questionnaires were sent by e-mail to all paediatric residents, paediatricians, and
neonatologists with clinical duties at our institution between April 1*, 2015, and April 30"
2020. Participation was voluntary. If there was no response after 2 weeks, we contacted
colleagues personally.

Based on the answered questionnaires, we identified patients from electronic medical records
and retrospectively collected demographic data as well as indications and complications of
10 puncture. We defined success with 10 access by (i) correct local puncture and (ii)
successful administration of medication and/or fluid, based on questionnaire reports and

patient chart review.” (141)

“All 41 forwarded questionnaires (100%) were answered and returned. During the study
period of 61 months, nine of the 41 physicians (22.0%) had attempted 10 access 15 times in a
total of 12 neonates. Six of the 15 10 access attempts (40%) had been undertaken by residents
and nine (60%) by fellows and neonatologists, respectively. All punctures were attempted at
the proximal tibia. Eight of the 12 patients were term neonates, three were preterm neonates,
and one former extreme preterm neonate received 10 access at a post-menstrual age of 42
weeks. Ten of the 12 neonates (83.3%) required 10 access during postnatal transition in the
neonatal resuscitation suite, while the other two patients (16.7%) had 10 access established

at the neonatal intensive care unit.” (141)

“FEight of the nine physicians (88.9%) had previously trained 10 access using simulation-
based methods. 10 access could be successfully gained in nine of 12 patients (75.0%). In six
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of the 12 neonates (50.0%) 10 access was successful on the first attempt, while in three
further neonates (25.0%) it was successful on the second attempt. In the remaining three
patients (25.0%) an alternative vascular access route was used after one unsuccessful
attempt.

10 access was attempted during post-natal resuscitation in 11 neonates (91.7%). In eight of
the 12 neonates (66.7%) 10 access was attempted after unsuccessful peripheral venous
puncture and in four patients (33.3%) it was attempted primarily. 10 access was used to
administer adrenaline (n=5), fluid and/or blood (n=3), and emergency sedation after
intubation (n=1). Minor short-term complications (paravasation, local skin reactions and/or
local soft tissue infections) were reported in three of nine successful 10 punctures (33.3%).”

(141)

These findings are comparable to other studies and in line with current treatment
recommendations. (74,75,140) The primary indication for IO access was postnatal
resuscitation and it was mainly attempted after failure of other vascular access routes. While
the success rate was lower than reported elsewhere, (139) we did not observe any severe

complications related to 1O puncture.

1.3 Simulation-based education and training in healthcare

High-reliability industries such as aviation, aerospace programs, nuclear power, and the
military, but also business management, have implemented simulation rigorously not only to
improve operational safety, but also to train and evaluate professionals in their respective
fields. (142,143) Through these examples, these industries provided “a benchmark safety
record for medicine to emulate”. (144)

In the context of education and training, simulation has been defined as “a technique - not a
technology - to replace or amplify real experiences with guided experiences that evoke or
replicate substantial aspects of the real world in a fully interactive manner”. (145)
Anaesthesiologists were the first to implement simulation into healthcare, (146,147) leading
to the development of simulation-based medical education (SBME). As early as in 1978,
Gosling et al. (148) described the concept and design of a simulation-based neonatal umbilical
vessel catheterization model, which was quickly followed by the development of neonatal and

infant intubation trainers. (149) Ultimately, this led to dedicated simulation-based neonatal
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team trainings programs and centres such as the Center for Advanced Pediatric and Perinatal
Education at Packard Children’s Hospital, Stanford University, United States of America.
(150,151)

Several arguments support the structured utilization of SBME, among them the recognition
that junior doctors may not be sufficiently prepared for clinical duties, working time
restrictions impairing bedside learning, increased emphasis on patient safety, and
development of medicine into a multidisciplinary and multiprofessional team effort requiring
effective communication and collaboration among healthcare professionals. (152,153)
Furthermore, patient harm as a result of medical error is a common and serious burden,
(154,155) and medical error has been identified as the third leading cause of death in the
United States of America. (156) These alarming findings resulted in a paradigm change,
(154,155) and SBME has been recognized as one measure to effectively improve patient
safety. (154,157-159)

SBME offers several advantages over traditional instructional methodologies. Neuroscience
shows that adult learning is most effective when trainees are actively engaged, (160,161)
supporting the implementation of regular hands-on simulator practice for cognitive, technical,
and behavioural skills acquisition. SBME provides opportunities for immediate active
experimentation and allows for “cementing of new knowledge and long-term changes in
practice”. (162) Furthermore, SBME establishes a safe, supportive educational environment
where errors can be committed and discussed without punishment, it facilitates training of
both common medical situations and rare emergencies, provides on-demand learning and
repetitive, deliberate practice of cognitive, psychomotor, and non-technical skills, and allows
for individual and team performance to be evaluated objectively. (151-153,163) In addition,
by providing real-time quantitative feedback through monitoring devices, SBME offers
advantages over traditional feedback delivery which is solely based on trainer experience and
observation. (164,165) Hence, SBME may be an effective “growth mindset intervention”
(166) and should be considered a powerful tool in neonatology faculty development. (167)

An increasing amount of studies from different disciplines and specialties such as emergency
medicine, paediatrics, and neonatology show that SBME constantly improves learners’
knowledge, technical proficiency, and (clinical/professional) behaviour. (168-171) These
effects have been shown both in the simulation “laboratory” and for actual patient care. (172)

Besides improving the quality of medical practice, SBME is ultimately associated with
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improved patient outcomes, which has been reported for emergency medicine, airway
management, and cardiopulmonary resuscitation both in adults and neonates. (170,173-176)
In addition, SBME may also yield a return on financial investment through a reduction of
medical complications, (177) less intensive care admissions and shorter hospital stays, (178)

and a lower number of medical malpractice claims. (179)

1.3.1 “Paramedics' Newborn Life Support Knowledge and Skills Before and After a Targeted
Simulation-Based Educational Intervention” (180)
In this prospective observational study, the “primary outcome was theoretical knowledge of
current ERC guidelines; secondary outcomes were practical ventilation skills measured by
face mask leakage [%] and incidence of substantial mask leakage, defined as >75%, during
non-invasive bag-valve-mask ventilation of a neonatal manikin. Parameters were assessed
before and after a 1-day simulation-based educational intervention.
Active paramedics from the Red Cross division in Nestelbach near Graz, Austria, were
recruited for the study during an in-house training. Participation was voluntary without
financial compensation.
Theoretical knowledge was assessed using a self-composed questionnaire, consisting of a
general part asking for demographic information and 20 single-choice questions. Questions
referred to all aspects of neonatal resuscitation with a particular focus on out-of-hospital
care. Wording was directly taken from the ERC guidelines’ official German translation. The
questionnaire was pretested by two medical students and two physicians of the Medical
University of Graz, Austria, for clarity of language and content.
Participating paramedics were presented with the questionnaire between February 24, 2017,
and April 8, 2017. They were given a maximum of 30 minutes to answer it individually and
under supervision. Cognitive aids were not allowed.
Quality of bag-valve-mask ventilation was assessed using a respiratory function monitor for
training purposes (Standardized Measurement of Airway Resuscitation Training [SMART],
GM Instruments Ltd., United Kingdom). This consists of a control unit connected to a flow
sensor (FI10L screen pneumotachograph, GM Instruments Ltd., United Kingdom) and a term
neonatal manikin with leak-free airway and an integrated neonatal test lung (Draeger,
Drégerwerk AG & Co. KGaA, Germany). For each inflation, peak inspiratory pressure, air

flow, tidal volume and face mask leakage are displayed on a connected personal computer.
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For assessment of paramedics’ ventilation proficiency, the manikin was placed in supine
position on a table with an anti-slip mat. Each participant was asked to “ventilate the neonate
for 90 s effectively.” For this, we provided participants with the 500-ml self-inflating
ventilation bag (Laerdal Silicone Resuscitator paediatric model, Laerdal Medical, Norway)
and the round face mask (Neonatal Face Mask size 1, Laerdal Medical, Norway) that are
used at the studied Red Cross division. Neither a PEEP valve nor a manometer was attached
to the ventilation bag, while the pop-off valve was activated. No external gas flow was
connected to the ventilation bag.

During assessment, participants were neither able to see the computer screen nor received
any kind of instruction or feedback. The computer screen was filmed using a digital camera
on a tripod to record and later manually transfer data into a Microsoft Excel database, as the
first series of the SMART system does not allow direct data storage and extraction. As
paramedics underwent assessment on a random basis no identifying information was stored,
ensuring confidentiality of data, and anonymity of participants.

Training took place on April 8", 2017, in two seminar rooms at the Red Cross headquarter in
Nestelbach near Graz and was executed by the corresponding author for a total duration of
seven hours. It began with a 45-minute lecture on neonatal resuscitation according to current
ERC guidelines. Then, the first group of six people participated in a practical technical skills
training on “Initial assessment and airway management” (excluding ventilation training),
while the second group underwent ventilation assessment in a separate room as described
above. After 30 minutes, groups were switched.

After lunch, the whole group participated in a 60-minute bag-valve-mask ventilation training,
during which direct visual feedback from the SMART system was used for deliberate
simulator practice. During the subsequent 90-minute algorithm training, realistic out-of-
hospital neonatal resuscitation scenarios were practiced in teams of three using a low-fidelity
newborn manikin (Newborn Anne, Laerdal Medical, Norway). Finally, all participants were
asked to answer the questionnaire again and underwent ventilation skills assessment in the

same setting as before.” (180)

“Forty-one out of 68 paramedics (60.3%) took part in the initial survey (median age 24 years
[19-74]; m:w = 29:12). Of those, seven (17.1%) had been involved in an out-of-hospital birth.

None had practical experience in neonatal resuscitation. Seven paramedics (17.1%) had

30



additional medical education as midwife, nurse, nurse assistant or paramedic with advanced
emergency competence, and one (2.4%) was a medical student at the time of assessment. In
the initial assessment of knowledge prior to the intervention, a median of 62.1% (IQR 37.5-
77.4) of the 20 single-choice questions were answered correctly.

Twelve of the participating 41 paramedics (29.3%) underwent the 1-day simulation-based
training and answered the second questionnaire. Two paramedics (16.7%) had experienced
an out-of-hospital birth and, again, none had been involved in neonatal resuscitation. One of
the 12 paramedics (8.3%) had received training as a nurse assistant or midwife. In the second
knowledge assessment, 91.7% (IQR 83.3-100.0) of questions were answered correctly
(p<0.001). Highest improvements occurred for questions related to oxygen saturation targets
after birth, intervals of heart rate assessment and indication for emergency drugs.

For assessment of practical (ventilation) skills, we analysed a total of 1,332 inflations (691
before and 641 after training, respectively). Each participant delivered a median of 55.5 (IQR
48.0-70.0) inflations before and 53 (IQR 48.0-59.0) after training. There was no difference in
median face mask leakage when comparing pre- and post-training data: 17.0% (IQR 0.0-
55.0%) before vs. 18.0% (IQR 6.0-34.0%) after training (p=0.414). Nevertheless, there was a
significant reduction in the incidence of substantial face mask leakage >75% after the

educational intervention (median 15.8 vs. 6.1%, p<0.001).” (180)

The results of this study are similar to previous ones, (168-170,173,174) as the initially
moderate knowledge level of participating paramedics was significantly improved following
the simulation-based educational intervention. Furthermore, hands-on bag-valve-mask
ventilation training with respiratory function monitoring was associated with a significant
decrease in substantial face mask leak, which — if transferred to actual patient care — would be

of major importance.

1.3.2 In situ simulation training

SBME delivered in the clinical environment is being referred to as in situ simulation. (181)
Literature offers several reasons why in situ simulation training should be preferred to
“traditional” SBME being delivered in dedicated training centres. In situ simulation training
promotes experiential learning which is closely aligned with healthcare providers’ actual

work, while offering the advantage of more efficient training both for learners and their
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institutions. (181) It has also been used to successfully analyse and improve quality of patient
care and to identify latent safety threats in actual healthcare environments. (182-186)
Identification of latent hazards and knowledge gaps, and opportunities for clinical teams to
rehearse infrequent and/or high-risk scenarios may be the most valuable benefits of in situ
simulation training. (181)

However, although in situ simulation training is being increasingly utilized in healthcare,
there are only few studies investigating its impact on organizational performance and patient
health. (187) Therefore, the aim of this study was to assess the quality of postnatal
stabilization and resuscitation and to evaluate the impact of in situ simulation training on

quality indicators of patient care at a neonatal intensive care unit.
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2. Materials and Methods

We performed a prospective observational study at the Division of Neonatology, Department
of Paediatrics and Adolescent Medicine, Medical University of Graz. The study was approved
by the Ethics Committee at the Medical University of Graz (27-014 ex 14/15). All employed
physicians and nurses at the Division of Neonatology were invited to participate in the study
on a voluntary basis and informed consent was obtained from every participant prior to study

participation. The maximum number of participants was arbitrarily set at 40.

2.1 Intervention

Over a period of four months unannounced in situ simulation training was delivered, with the
goal of at least three training opportunities for each study participant. Training was scheduled
according to clinical workload in order to not interfere with patient care.

In situ simulation training was conducted using a wireless, highly realistic (high-fidelity)
neonatal simulator (Gaumard Newborn HAL S3010, Gaumard Scientific Company Inc.,
Miami, United States of America) in the resuscitation room and clinical area of the Division
of Neonatology. Training was delivered by an experienced simulation trainer (Dr. Lukas
Mileder) with substantial experience in designing and delivering simulation-based educational
interventions. Scenarios were focused on main neonatal diseases and challenges of postnatal
management and required training participants to act according to the individual case
descriptions and the “clinical” development of the simulated patients, whose appearance and
vital signs were adapted based on team performance and medical interventions.

Each training session lasted for 15-20 minutes, involved an interprofessional team comprising
physicians and members of the nursing staff, and was followed by 15-30 minutes of
structured debriefing, with a reactions, description, analysis, and application and/or summary
phase. (188) Debriefings focused on the learning objective of the respective scenario and
aimed at improving participants’ knowledge, technical proficiency, awareness of human
factors, and crisis resource management skills. (188,189) To ensure psychological safety
during debriefings, several implicit and explicit strategies such as circular seating, empathy,
inclusivity, and confidentiality were employed. (190) For specific medical aspects of the

scenarios, a paediatrician and/or neonatologist was present during every training session.
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2.2 Evaluation

In order to assess the potential impact of the intervention, two two-month observational
phases were conducted before (pre-training) and after the educational intervention (post-
training). During both observational phases we assessed the quality of non-technical skills and
teamwork during postnatal stabilization and resuscitation, collected clinical patient data and
investigated individual knowledge of neonatal resuscitation guidelines among training
participants (see 2.3 Outcome measures).

All preterm and term neonates, whose parents had decided to participate in one of the Ethics
Committee approved clinical studies at the Division of Neonatology, were included in this
study. As part of the respective study protocols, postnatal stabilization and resuscitation was
video-recorded and clinical and demographic patient data of these neonates were collected.
For study purposes, a second mobile camera was installed to record the team and to allow for
post-hoc analysis of team behaviour during postnatal stabilization and resuscitation. In
addition, study participants were asked to individually and anonymously answer a
standardized cognitive knowledge test focusing on neonatal resuscitation guidelines,
(127,191) which has been developed by the ERC for its Newborn Life Support provider
courses.

As part of the clinical studies at the Division of Neonatology, clinical patient data obtained
during postnatal stabilization and resuscitation (respiratory parameters measured by a
respiratory function monitor, SpO> and HR measured by pulse oximetry and/or ECG) are
stored in a polygraphic system (Alpha-Trace digital MM, B.E.S.T. Medical Systems, Vienna,
Austria). These data were collected together with additional patient information from our
hospital’s electronic patient data management system and from patient charts.

Video recordings were analysed by two external neonatologists with extensive experience in
neonatal resuscitation, non-technical skills, and team performance. Outcome measures
included (i) individual task performance (time to HR auscultation, time to first ventilation
breath), and (ii) quality of non-technical skills and teamwork, (192,193) as there is a
significant correlation between technical and non-technical skills especially under stressful
conditions. (194,195) Videos from the pre- and post-training periods were reviewed in
random order to ensure blinding of assessors. Video analyses focused on team performance
rather than individual proficiency, and videos were exclusively used for scientific purposes.

To protect data privacy, videos will be deleted after finalization of the project.
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The cognitive knowledge tests were distributed before and after the educational intervention.

The principal investigator performed the evaluation anonymously.

2.3 Outcome measures

The primary study outcome was the quality of non-technical skills and team interaction

during actual postnatal stabilization and resuscitation. This was assessed objectively using the

Anaesthetists' Non-Technical Skills (ANTS) score (192) with its four categories and 15

elements (Table 1; scoring: 4 = good, 3 = acceptable, 2 = marginal, 1 = poor, n = not

observed) and compared between the pre- and post-training period. Furthermore, the number

of teamwork events (“sharing information, inquiry, assertion, teaching/advising, and

evaluation of plans”) (193) was determined from video review and compared.

Categories

Elements

Task Management

Planning and preparing
Prioritising
Providing and maintaining standards

Identifying and utilising resources

Team Working

Co-ordinating activities with team members
Exchanging information

Using authority and assertiveness
Assessing capabilities

Supporting others

Situation Awareness

Gathering information
Recognising and understanding

Anticipating

Decision Making

Identifying options
Balancing risks and selecting options

Re-evaluating

Table 1. Categories and elements of the Anaesthetists' Non-Technical Skills (ANTS) score

(192).
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The following clinical patient data were collected and analysed as secondary outcome

measurcs:

time from arrival of the neonate at the resuscitation table to HR auscultation [seconds]
(video analysis)

time from arrival of the neonate at the resuscitation table to first ventilation breath
[seconds] (video analysis)

number of endotracheal intubation attempts and frequency of successful endotracheal
intubation during postnatal stabilization and resuscitation

face mask leak during delivery of non-invasive respiratory support after birth [%], from
the first inflation breath for a period of two minutes, based on analysis of data from the
Florian respiratory function monitor (Acutronic Medical Systems, Hirzel, Switzerland)
SpO> and HR five minutes after arrival of the neonate at the resuscitation table [% and
beats per minute, respectively]

rectal body temperature during/immediately after postnatal stabilization and
resuscitation [°C]

Apgar scores (minutes 1, 5, and 10)

post-resuscitation complications (i.e. development of pneumothorax within 24 hours
after birth)

length of hospitalization [days]

mortality.

In addition, the numbers of correct answers of the standardized cognitive knowledge test on

neonatal resuscitation guidelines were compared between the two two-month observational

periods.

2.4 Sample size calculation and statistical analyses

Thomas et al. (193) studied the effect of teamwork training on teamwork behaviour during

neonatal resuscitation. They compared a control group receiving standard neonatal

resuscitation training with an intervention group receiving additional teamwork training, and

found 9.0 + 2.1 teamwork events in the control group. In the intervention group, 12.8 + 3.4

teamwork events were observed. Assuming comparable differences as in the study by Thomas

et al. (193) between the pre- and post-training observational phases and using the standard
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deviation of 3.4, the same effect could be detected in our study with 30 events of postnatal
stabilization and resuscitation using a t-test for independent samples with a power of 98%.
Data are presented as frequencies, absolute and relative values, mean + one standard deviation
or median (IQR), as appropriate. Data were tested for normal distribution using Shapiro-Wilk
and Kolmogorov-Smirnov test. Sex, the need for respiratory support after birth
(oropharyngeal suctioning, oxygen supplementation, mCPAP, mPPV, endotracheal
intubation), rates of hypothermia, and development of pneumothorax within 24 hours after
birth were compared between the two patient groups (pre- and post-training) using either Chi-
Square test or Fisher's Exact Test. Results of the standardized cognitive knowledge test were
compared between the pre- and post-training period using the Wilcoxon signed rank test.
Depending on data distribution, t-test for independent samples or Mann-Whitney-U test were
used to compare the remaining outcome measures between both groups; although the study
design warrants statistical analysis using paired samples t-test, t-test for independent samples
or Mann-Whitney-U test had to be used, as outcome measures were analysed anonymously
for the whole cohort and not for individual resuscitations. A p-value of <0.05 was considered
statistically significant. Statistical analyses were performed using IBM SPSS Statistics 28
(Armonk, United States of America).

37



3. Results

3.1 Delivery of'in situ simulation training

Over a four-month period (October 2015 — January 2016), a total of 41 in situ simulation
trainings were delivered at the Neonatal Intensive Care Unit, Medical University of Graz.
This number corresponds to a mean of 2.6 trainings per week (when excluding two weeks of
Christmas holidays). The number of trainings per month during the intervention period is
depicted in Figure 1.

Each of the training sessions involved a median of two physicians (residents and/or fellows;
1-3) and a median of two neonatal nurses (2-3). A total of 21 physicians and 27 nurses took
part in those 41 simulation trainings, slightly exceeding the planned maximum of 40 training
participants. When assuming a number of four participants per training, this would correspond

to participation in a mean of 3.4 trainings for each study participant.

From a medical standpoint, the simulation scenarios focused on main diseases and challenges
of postnatal management and included peri- and postnatal asphyxia (n=11), meconium
aspiration syndrome (n=9), respiratory distress including the management of a preterm
neonate (n=8), bacterial infection/sepsis (n=4), congenital cardiac malformation (n=3),
seizures (n=3), difficult airway (n=2), and pneumothorax (n=1). Besides the cognitive and
technical skills required to deal with these situations, the training sessions also focused on
participants’ non-technical skills such as communication, leader-/followership, decision

making, situational awareness, and task management.
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Figure 1. Number of simulation trainings per month during the educational intervention.

3.2 Patients (pre- and post-training periods)

During the pre-training period of the study, 20 preterm neonates, whose parents had decided
to participate in one of the Ethics Committee approved clinical studies at the Division of
Neonatology Graz, were included in this study. Of these 20 neonates, 15 (75%) required
respiratory support after birth and intensive care treatment.

Twenty-five preterm neonates were video-recorded as part of clinical studies after the
delivery of in situ simulation training, and could thus be included in the analysis. Thirteen
(52%) of these 25 neonates required respiratory support after birth and received intensive care
treatment.

These 28 neonates (15 before and 13 after the educational intervention, respectively), who
required respiratory support after birth as well as intensive care treatment, were included in
this analysis and their demographic data are shown in Table 2. Neonates who were included
in this study after the delivery of in situ simulation training had a lower birth weight
(p=0.043), but there were no differences in gestational age or sex between the groups. All 28

neonates were delivered by Caesarean section.
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Neonates before | Neonates after
All neonates . . . .
(n=28) simulation simulation p-value
n=
training (n=15) | training (n=13)
Gestational age
304+3.6 31.5+3.7 202+33 p=0.101
[weeks]
v*(1)=0.108,
Male sex [%] 16 (57.1) 9 (60) 7 (53.8)
p=0.743
Birth weight
1441 + 672 1678 + 744 1168 + 469 p=0.043*
[grams]

Table 2. Demographic data of the included 28 neonates, who required respiratory support
after birth as well as intensive care treatment (absolute and relative values or mean + one

standard deviation, as appropriate). (* = p<0.05)

3.3 Primary study outcome

Among those 15 preterm neonates who were included before the delivery of in situ simulation
training, 12 team videos (80%) were available for analysis. For the post-training period, 13
team videos (100%) were available and could be analysed. There were no differences in the
median duration of team videos between the pre- and post-training period (15 [10.25-15.0]

versus 15 [15.0-15.0] minutes, p=0.393).

The first video reviewer rated the four ANTS categories Task Management, Team Working,
Situation Awareness, and Decision Making with a median of 3.5 (3-4), 4 (3-4), 4 (3-4), and 4
(4-4) before and with a median of 3 (3-4), 3 (3-4), 4 (3-4), and 4 (3.5-4), respectively, after
the delivery of in situ simulation training (Figure 2). There were no differences in those
categories between the pre- and post-training period (Task Management: p=0.742; Team

Working: p=0.190; Situation Awareness: p=0.547; Decision Making: p=0.659).

40



Bl TaskManagement
W Teamworking

M SituationAwareness
[ DecisionMaking

Median
r

Pre-training Post-training

Figure 2. ANTS categories before (left) and after (right) the delivery of in situ simulation
training, based on the rating from the first video reviewer (4 = good, 3 = acceptable, 2 =

marginal, 1 = poor).

The ratings of the 15 individual ANTS elements by reviewer 1 are presented in Table 3. There
were no differences between individual ANTS element scores before and after the delivery of

in situ simulation training (Table 3).
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ANTS elements Pre-training | Post-training p-value
Planning and preparing 2.5(2.0-3.0) (no scoring) -
Prioritising 3.0 (2.75-4.0) 4.0 (2.0-4.0) p=0.832
Providing and maintaining

4.0 (4.0-4.0) 4.0 (3.0-4.0) p=0.207

standards
Identifyi d utilisi

iy and wtfising 3.0 (2.0-3.0) 4.0 (2.0-4.0) p=0.392
resources
Co-ordinati tiviti

0-OTCINEATING ACHVITES 3.0 (2.0-4.0) 4.0 (2.0-4.0) p=0.494
with team members
Exchanging information 2.0 (2.0-3.0) 4.0 (2.0-4.0) p=0.093
Usi thority and

SIS attionty an 3.0 (1.0-4.0) 3.0 (2.5-4.0) p=0.649
assertiveness
Assessing capabilities 3.0 (2.0-4.0) 3.0 (2.5-4.0) p=0.531
Supporting others 3.0 (1.0-4.0) 3.0 (1.0-4.0) p=0.865
Gathering information 3.0 (1.0-3.0) 3.0 (2.0-4.0) p=0.531
R isi d

CCOBMISIS all 3.0 (2.0-4.0) 3.0 (2.0-4.0) p=0.820
understanding
Anticipating 2.5 (1.75-4.0) 2.0 (2.0-4.0) p=0.738
Identifying options 3.0 (1.75-3.0) 3.0 (2.0-4.0) p=0.376
Balanci isk d

Aancing risks an 2.0 (2.0-3.0) 3.0 (2.0-4.0) p=0.303
selecting options
Re-evaluating 3.0 (2.0-4.0) 3.0 (3.0-4.0) p=0.733

Table 3. Median scores (IQR) of individual ANTS elements before and after the delivery of
in situ simulation training, based on the rating from the first video reviewer (4 = good, 3 =

acceptable, 2 = marginal, 1 = poor).

The four ANTS categories Task Management, Team Working, Situation Awareness, and
Decision Making were rated with a median of 3 (3-4), 4 (3-4), 4 (3-4), and 4 (3-4) before and
with a median of 3 (3-4), 3 (3-4), 4 (3-4), and 4 (3.75-4), respectively, after the delivery of in
situ simulation training by the second reviewer (Figure 3). Again, there were no differences in
those categories between the pre- and post-training period (Task Management: p=0.436;

Team Working: p=0.623; Situation Awareness: p=1.000; Decision Making: p=0.693).
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Figure 3. ANTS categories before (left) and after (right) the delivery of in situ simulation
training, based on the rating from the second video reviewer (4 = good, 3 = acceptable, 2 =

marginal, 1 = poor).

Table 4 presents the ratings of the 15 individual ANTS elements by reviewer 2. There were
no differences between individual ANTS element scores before and after the delivery of in

situ simulation training (Table 4).
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ANTS elements Pre-training | Post-training p-value
Planning and preparing 4.0 (2.25-4.0) 3.0 (2.0-4.0) p=0.695
Prioritising 4.0 (3.0-4.0) 4.0 (2.0-4.0) p=0.400
Providing and maintaining

4.0 (3.0-4.0) 4.0 (2.0-4.0) p=0.743

standards
Identifyi d utilisi

iy and wtfising 4.0 (3.5-4.0) 4.0 (2.0-4.0) p=0.731
resources
Co-ordinati tiviti

0-OTCINEATING ACHVITES 4.0 (3.0-4.0) 4.0 (2.5-4.0) p=0.303
with team members
Exchanging information 4.0 (3.0-4.0) 4.0 (3.0-4.0) p=0.605
Usi thority and

SIS attionty an 4.0 (3.0-4.0) 4.0 (3.0-4.0) p=1.000
assertiveness
Assessing capabilities 4.0 (4.0-4.0) 4.0 (3.5-4.0) p=0.481
Supporting others 4.0 (3.0-4.0) 4.0 (4.0-4.0) p=0.691
Gathering information 4.0 (3.5-4.0) 4.0 (4.0-4.0) p=0.602
R isi d

CCOBMISIS all 4.0 (3.0-4.0) 4.0 (3.25-4.0) p=0.422
understanding
Anticipating 4.0 (3.25-4.0) 4.0 (3.75-4.0) p=0.897
Identifying options 4.0 (4.0-4.0) 4.0 (3.5-4.0) p=0.529
Balanci isk d

Aancing risks an 4.0 (3.25-4.0) 4.0 (4.0-4.0) p=0.686
selecting options
Re-evaluating 4.0 (4.0-4.0) 4.0 (3.25-4.0) p=0.524

Table 4. Median scores (IQR) of individual ANTS elements before and after the delivery of
in situ simulation training, based on the rating from the second video reviewer (4 = good, 3

= acceptable, 2 = marginal, 1 = poor).

Table 5 summarizes the five teamwork events as defined by Thomas et al. (193), i.e. sharing
information, inquiry, assertion, teaching/advising, and evaluation of plans. While there was an
increase in absolute numbers from the pre- to the post-training period for all five teamwork
events, this did only reach statistical significance for “evaluation of plans” (0.5 [0.0-1.0]
versus 1.0 [1.0-2.0], p=0.049). When adding together the numbers of all teamwork events,
there was again an increase following the delivery of in situ simulation training (15.0 [10.0-
24.25] versus 18.0 [13.5-30.5]), which almost reached statistical significance (p=0.056;
Figure 4).
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Pre-training Post-training p-value
Sharing information [n] 5.5 (4.0-10.75) 9.0 (6.0-17.5) p=0.102
Inquiry [n] 4.0 (1.5-7.5) 6.0 (5.0-8.0) p=0.088
Assertion [n] 0.0 (0.0-1.0) 1.0 (0.0-2.0) p=0.129
Teaching/advising [n] 1.0 (1.0-3.5) 2.0 (0.0-2.5) p=0.911
Evaluation of plans [n] 0.5 (0.0-1.0) 1.0 (1.0-2.0) p=0.049*

Table 5. Median number (IQR) of teamwork events per neonate before and after the delivery

of in situ simulation training. (* = p<0.05)

50|

401

30|

20|

Total number of teamwork events

10|

22

Pre-training

Post-training

Figure 4. Total number of teamwork events per neonate before (left) and after (right) the

delivery of in situ simulation training (p=0.056).
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3.4 Secondary study outcomes

Based on video analysis, median time from arrival at the resuscitation table to HR assessment
by auscultation was 9.5 (3.0-22.75) seconds in the pre- and 10.0 (5.25-21.75) seconds in the
post-training group (p=0.715). Auscultation of the heart could be clearly identified by video
review in 12 out of the 15 neonates (80%) in the pre-training period and in ten out of the 13

neonates (76.9%) in the post-training period.

In those neonates who did not breath or who did not breathe sufficiently, median time from
arrival at the resuscitation table to first ventilation breath was 27.0 (16.5-43.0) seconds before
and 30.0 (14.0-49.0) seconds after the delivery of in situ simulation training (p=0.871). As the
first ventilation breath was not clearly visible in every video, data were available for five out
of nine neonates (55.6%) who required PPV in the pre-training period and for seven out of ten

neonates (70%) who required PPV in the post-training period.

Measures of respiratory support are summarized and compared between the groups in Table
6. There were no differences in either of the respiratory support interventions. In the 11
neonates who required intubation there was a median of two (1-3) intubation attempts, with a
median of two (1.25-2.75) in the pre-training group and of two (1-3) in the post-training
group, respectively (p=0.920).

Neonates before | Neonates after
All neonates . . . .
(n=28) simulation simulation p-value
n=
training (n=15) | training (n=13)
Oroph 1
ropharynsea 22 (78.6%) 12 (80.0%) 10 (76.9%) p=1.000
suctioning [%]
o
xyeem o 25 (89.3%) 14.(93.3%) 11 (84.6%) p=0.583
supplementation [%]
Mask CPAP [%] 28 (100%) 15 (100%) 13 (100%) -
Mask PPV [%] 19 (67.9%) 9 (60.0%) 10 (76.9%) p=0.435
, 2(1)=2.157,
Intubation [%] 11 (39.3%) 4(26.7%) 7 (53.8%) o140
p=0.

Table 6. Measures of postnatal respiratory support of the included 28 neonates.
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As another secondary outcome parameter, we aimed at analysing face mask leak during
delivery of mPPV after birth. However, due to technical problems with the Florian respiratory
function monitor (Acutronic Medical Systems, Hirzel, Switzerland) this analysis could not be

performed as intended.

Median SpO; and HR five minutes after arrival of the neonate at the resuscitation table were
78.5% (72.25-86.25) and 137.5 (128.5-147.0) beats per minute in the pre-training group and
76% (62-84) and 144 (93-152) beats per minute in the post-training group, respectively. There
were no statistical differences between both groups, neither in SpO: (p=0.406) nor in HR
(p=0.732). SpO, and HR data were available for ten neonates (66.7%) in the pre-training

period and for seven neonates (53.8%) in the post-training period.

Rectal body temperature during/immediately after postnatal stabilization and resuscitation
was 36.8 + 0.2°C before and 36.6 £ 0.7°C after the implementation of in situ simulation
training (p=0.394). More neonates had a body temperature below 36.5°C in the post-training
group (5/13 [38.5%] versus 1/15 [6.7%]), however this difference was not statistically
significant (p=0.069). All neonates who suffered from hypothermia after birth were extremely
preterm neonates between 24+1 and 29+4 weeks of gestation, with birth weights ranging from

550 to 1214g.

Median Apgar scores at minutes one, five, and ten were 7 (5-8), 8.5 (8-9), and 9 (9-9) for all
28 neonates. For those 15 neonates who were included before the delivery of in situ
simulation training, Apgar scores were 7 (6-8), 9 (8-9), and 9 (9-9), respectively. Apgar
scores of the 13 neonates who were included after in situ simulation trainings were 6 (4.5-8),
8 (7-9), and 9 (9-9), respectively.

The 5-minute Apgar score was significantly lower in the post-training group (p=0.045), but
there were no differences in the Apgar scores at one and ten minutes after birth (p=0.421 and
p=0.697, respectively; Figure 5). If the three deceased neonates (one in the pre- and two in the
post-training period, respectively) were removed from the analysis, there was no significant

difference in the 5S-minute Apgar score (9 [8-9] versus 8 [8-9], p=0.191).
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Pre-training Post-training

Figure 5. Apgar scores at one (blue), five (green), and ten minutes after birth before (left) and

after (right) the delivery of in situ simulation training. (p=0.045 for 5-minute Apgar scores)

As a surrogate parameter for post-resuscitation complications, we collected the number of
peumothoraces within 24 hours after birth. One neonate (6.7%) developed a pneumothorax
during the pre-training period, while there was no pneumothorax during the post-training

period (p=1.000).

All 28 neonates were hospitalized for a median of 34 (16.5-66.75) days. Neonates who were
included before the delivery of in situ simulation training were hospitalized for 28 (16-57)
days, while hospitalization was 41 (15-75.5) days in the post-training group (p=0.447). Even
when removing the three deceased neonates from the analysis, there was no difference in
length of hospitalization (29 [17.5-60.25] versus 51 [21-78] days, p=0.267).

Mortality was 1/15 (6.7%) before and 2/13 (15.4%) after the educational intervention, with no
significant difference between the groups (p=0.583). Deceased neonates were all born

between 24+1 and 26+5 weeks of gestation and died between days four and nine after birth.
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Pre-training Post-training p-value
Time from arrival at the
L 9.5 10.0
resuscitation table to HR p=0.715
. (3.0-22.75) (5.25-21.75)
auscultation [seconds]
Time from arrival at the
itation table to first 270 300 0.871
r itation ta ir =0.
esuscrtatio €At 16.5-43.0) (14.0-49.0) P
ventilation breath [seconds]
Number of endotracheal 2 2
. . p=0.920
intubation attempts [n] (1.25-2.75) (1-3)
SpO: fi inut ft
p : » five minutes . a . er 8.5 76
arrival at the resuscitation p=0.406
(72.25-86.25) (62-84)
table [%]
HR five minutes after
. L 137.5 144
arrival at the resuscitation p=0.732
. (128.5-147.0) (93-152)
table [beats per minute]
Rectal body t t
cctal Dody TCMperatiire | 36 8+0.2 36.6+0.7 p=0.394
[°C]
Apgar at 1 minute 7 (6-8) 6 (4.5-8) p=0.421
Apgar at 5 minutes 9 (8-9) 8(7-9) p=0.045%*
Apgar at 10 minutes 9(9-9) 9(9-9) p=0.697
P th ithin 24
nEnmOTorax Withil 115 0/13 p=1.000
hours after birth [n]
Length of hospitalizati 28 41
eng 0 ospitalization p=0.447
[days] (16-57) (15-75.5)
Mortality [n] 1/15 2/13 p=0.583

Table 7. Summary of secondary study outcomes before and after the delivery of in situ
simulation training (absolute values, mean + one standard deviation or median (IQR), as

appropriate). (* = p<0.05)

Twenty-nine training participants, i.e. 60.4% of all trained healthcare professionals, answered
the standardized cognitive knowledge test before and after the delivery of in situ simulation
training. A median of 15 (13-15.5) questions were answered correctly during the pre-training

period, while this number increased to 18 (17-19) after training delivery (p<0.001; Figure 6).
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Figure 6. Numbers of correct answers from the 20-question standardized cognitive

knowledge test before (left) and after (right) the delivery of in situ simulation training

(p<0.001).
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4. Discussion

Postnatal stabilization and resuscitation requires cognitive, technical, and behavioural skills,
and SBME has been recognized as a proven methodology to acquire, maintain and improve
these skills. (196) While in situ simulation offers added benefits in comparison to
“traditional” SBME, studies about in situ simulation training are still scarce. (187) Therefore,
it is not surprising that this is one of the very first studies in the field of neonatology which
has investigated the effect of a dedicated in situ simulation training program not only on
behaviour in the simulation laboratory and on neonatal short-term outcome such as
cardiorespiratory stability after birth, but also on the length of hospitalization and in-hospital
mortality. Thus, in the concept of translational research this study reflects T2 and T3 research,
investigating translation to patients and clinical practice, previously recognized as “from
bench to bedside”. (172,197)

Eckels et al. (198) described the successful implementation of in situ simulation training in
their level III neonatal intensive care unit, but reported limited opportunities for staff to
participate due to patient care duties, “medical leave or per diem schedules” as the main
challenge. Other studies also reported clinical obligations as a major challenge for any in situ
simulation training program. (199) We were able to deliver 2.6 trainings per week over our
intervention period, which is slightly below the targeted number of three to five simulation
sessions per week. Still, our number of delivered trainings compares well to the “roughly one

simulation per month” achieved by Eckels et al. (198)

The in situ simulation trainings were planned and delivered as suggested by current guidelines
for simulation-based team training in paediatrics and adolescent medicine, which define best
practices for providing a safe learning environment, adequate human resources, appropriate
scenarios, and delivering effective debriefing. (200) Specific focus was placed on adequate
and effective debriefing after the training sessions, as debriefing has been recognized to
provide “a forum for learners to reflect on action, identify performance gaps, discuss areas
for improvement, and consolidate knowledge and skills”. (201) Through moderated reflection,
debriefing not only allows for participants’ ‘mental models’ to be recognized and analysed,
but also to develop new mental frames and, thus, modified (clinical) behaviour. (202)

Therefore, debriefings were structured as recommended, including a reactions, description,
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analysis, and application and/or summary phase, based on the Promoting Excellence and
Reflective Learning in Simulation (PEARLS) framework. (188) In addition, debriefing
sessions utilized a learner-centred approach to further improve their effectiveness, allowing
participants to take on an active role while the trainers facilitated discussion involving all
training participants and encouraged self-reflexion and -assessment. (203) Due to the ad-hoc
character of the in situ training sessions we did not video-record trainings for debriefing
purposes, although video-assisted debriefing may yield an additional educational benefit.

(204-207)

While the two video reviewers did not find any differences in the four ANTS categories Task
Management, Team Working, Situation Awareness, and Decision Making, the already high
level of non-technical skills and team interaction before the implementation of in situ
simulation training has to be acknowledged. Both video assessors scored three of the four
major categories with a 4, corresponding to a “good” performance, before the delivery of in
situ simulation training, leaving few opportunities for further improvement due to the
educational intervention. Accordingly, there were no significant differences in the individual
ANTS elements between the pre- and post-training period.

Nonetheless, the increase in the numbers of all five teamwork events, (193) which even
reached statistical significance for “evaluation of plans”, clearly illustrates the impact of the in
situ simulation training sessions. This finding is even more remarkable, as the targeted
number of 30 neonates requiring postnatal stabilization and/or resuscitation, as based on our
sample size calculation, was not reached. Correspondingly, there was a non-significant
increase in the total number of teamwork events after the delivery of in situ simulation
training.

These findings correspond well with previous research. Thomas et al. (193) found a higher
incidence of teamwork events when adding teamwork training to high-fidelity simulation.
Furthermore, simulated neonatal resuscitations were faster (time reduction of 24%) in the
intervention group in comparison to those participants receiving standard low-fidelity
Neonatal Resuscitation Program® training. (193) Similarly, Hunziker et al. (208) reported
longer hands-on time and a shorter time until initiation of cardiopulmonary resuscitation
following leadership training in their simulation-based, randomized controlled superiority

trial. Further studies from different medical disciplines showed an association between
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teamwork training and improved actual team performance and patient outcomes, such as
reduced times from arrival to computer tomography, to endotracheal intubation and to
operating room in trauma patients, (209) improved adherence to protocols and shorter
activation times of extracorporeal cardiopulmonary resuscitation teams, (210) reduced door-
to-needle time for stroke thrombolysis, (211) or reduction of maternal blood transfusions and
postpartum haemorrhage. (212) Brogaard et al. (213) also described a positive correlation
between non-technical skills scores and clinical performance when treating neonates after
birth, which further emphasizes the potential impact of dedicated team training. Accordingly,
a systematic literature review found training in team behaviour to result in improved clinical
performance. (214)

The transfer of skills acquired through SBME to actual clinical practice is being intensively
studied, as several factors may support or hinder this essential process. (215-217) Mema et al.
(216) identified concern for patients’ wellbeing, corrective actions in the real situation, the
complexity of the intensive care unit, and the procedure itself as barriers for effective transfer
of skills, while specific instructions, mastery training, direct observation with feedback,
supervision, and actual real-life experiences were perceived as beneficial. Our finding of
improved post-training non-technical skills levels during actual patient care adds to the
growing body of evidence, which shows effective skills transfer from the simulated
environment to clinical team performance. Studies have demonstrated improved management
and neonatal outcome after shoulder dystocia, (218) less complications and higher success
rates for central venous catheter insertion in a medical intensive care unit, (219) and a reduced
incidence of blood stream infections following introduction of a central line care bundle

including procedure standardization and simulation-based training. (220)

There were no differences between the pre- and post-training period either for time to HR
assessment or for time to first ventilation breath. HR auscultation was initiated within ten
seconds after arrival at the resuscitation table both before and after the delivery of in situ
simulation training, which is well within the recommended time frame. (74,75) This finding
compares very well to the study by Schilleman et al. (221), in which video recording of
delivery room management of preterm neonates revealed a mean time from birth to HR

assessment by auscultation of 65 seconds. Skare et al. (222) also reported relevant delays in
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HR assessment in compromised neonates requiring PPV after birth, with only 66% of
neonates having their HR checked by stethoscope within 60 seconds.

In those neonates presenting apnoeic or with ineffective spontaneous breathing, PPV was
initiated within 30 seconds after arrival at the resuscitation table, both during the pre- and
post-training period. Current neonatal resuscitation guidelines recommend commencing PPV
“without delay” (74) and “ideally within 60 s of birth”, (75) underlining the effective postnatal
care that was being provided both before and after the educational intervention. Again, our
numbers compare well to other findings, as Schilleman et al. (221) reported a mean time from
birth to initiating non-invasive respiratory support of 70 seconds. Accordingly, McCarthy et
al. (223) found a median time of 56 seconds from arrival at the resuscitation table until
delivery of respiratory support in preterm neonates with a median gestational age of 29

weeks, with only 38% receiving respiratory support within 60 seconds after birth.

We did not find any significant differences, neither qualitatively nor quantitatively, in the
delivered respiratory support interventions between the pre- and post-training period. This is
not surprising, as we primarily included preterm neonates, who have an increased need for
postnatal stabilization or resuscitation (75) and who require manoeuvres to improve
respiratory support more often in comparison to term neonates. (120) Our observed measures
of respiratory support in terms of oropharyngeal suctioning, mPPV, and postnatal
endotracheal intubation are comparable to previous reports by observational delivery room

studies. (224,225)

Significant face mask leak is common when providing non-invasive PPV to preterm neonates
after birth. (117,118,226,227) As face mask leak is negatively correlated with expiratory tidal
volume, (226,227) it is a major determinant of postnatal stabilization and resuscitation.
Therefore, we had planned to measure and analyse face mask leak during PPV in our patients
using a respiratory function monitor. Unfortunately, however, this analysis could not be
performed due to technical problems.

Other studies investigated the effect of simulation-based neonatal ventilation training on
provider proficiency. van Vonderen et al. (228) reported a significant reduction in face mask
leak and excessive peak inspiratory pressures both in experienced and inexperienced

providers following a two-minute training, consisting of verbal instruction and demonstration
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of mask PPV. This finding is consistent with our presented one (see 1.3.1), showing that a
one-day simulation-based training resulted in a significantly lower substantial face mask leak
in rather inexperienced paramedics. (180) Further underlining these findings, Sawyer et al.
(229) found coaching involving real-time feedback on ventilation quality to result in more
appropriate peak inspiratory pressures and tidal volumes as well as reduced face mask leak in

their simulation-based randomized cross-over study.

Both SpO; and HR, assessed at five minutes after arrival of the neonate at the resuscitation
table, also did not differ when comparing neonates of the pre- and post-training period.
However, it has to be acknowledged that the median SpO; did not reach the recommended
value of 85% at five minutes after birth (75) in neither of the observational phases. Not
reaching an SpO: of 80% or higher at five minutes after birth is associated with significantly
decreased crSO> (230) and higher odds of intraventricular haemorrhage in preterm neonates
requiring postnatal respiratory support, (231) emphasizing the importance of delivery room
practices during the first five minutes after birth. (232)

Median heart rates during the pre- and post-training period were well within recommended
ranges for preterm neonates after birth. (75) Nerdrum Aagaard et al. (233) reported median
heart rates between 150 and 169 beats per minute at five minutes after birth in “mainly non-
ventilated term and preterm infants”. Interestingly, Yam et al. (234) found that 67% of
preterm neonates below 30 weeks of gestation, who were initially bradycardic and required
PPV after birth, did not remain stable before reaching a HR of around 150 beats per minute;
this suggests that targeted HR in preterm neonates requiring postnatal stabilization should
possibly be higher than the currently recommended minimum of 100 beats per minute. It is
important to note that of the two preterm neonates in our study with heart rates below 100
beats per minute at five minutes after arrival at the resuscitation table, both in the post-
training group, one extremely preterm neonate died on the ninth day after birth from severe
bilateral intra- and periventricular haemorrhage. This underlines the detrimental effect of

prolonged bradycardia after birth. (77,231,235)

The majority of neonates in the pre- and post-training group had a normal body temperature
during/immediately after postnatal stabilization and resuscitation (93.3% and 61.5%,

respectively), which is being defined as 36.5-37.5°C. (75) Maintaining or achieving
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normothermia after birth is especially important in preterm neonates, as hypothermia
significantly increases the risk of adverse outcome and early death. (51,56,236) Conversely,
interventions dedicated to postnatal thermal support, such as the use of plastic bags, wraps
and/or caps, and heated humidified gases for respiratory support, have been shown to
decrease the risk of brain injury and mortality. (237)

In this study, we observed a statistically non-significant, yet higher incidence of mild to
moderate hypothermia in the post-training group. While this could be interpreted as a result of
less effective thermal care, one must bear in mind that neonates included after the delivery of
in situ simulation training had a significantly lower birth weight, and that low birth weight
and immaturity are negatively correlated with the frequency of postnatal hypothermia.
(54,238) In addition, maternal body temperature at delivery is a significant predictor of
neonatal hypothermia, (236) but these data were not recorded and we can, thus, only speculate

about the potential effect of maternal hypothermia on our findings.

Neonates who were included after the delivery of in situ simulation training had a
significantly lower 5-minute Apgar score. At first sight, this finding could suggest a potential
detrimental effect of the trainings, but it must be interpreted with caution. First, Apgar scores
at one and ten minutes after birth did not differ between the pre- and post-training group,
suggesting no significant differences in postnatal stability and adaptation. Second, there is a
positive correlation between birth weight and 5-minute Apgar score in low- and very-low-
birth-weight infants, (239) and neonates in our post-training group had a significantly lower
birth weight. Third, it is well known that the Apgar score has poor interobserver reliability,
(72) especially in preterm neonates. (240) Fourth, when removing the three deceased neonates
from the analysis, Apgar scores at five minutes after birth did not differ any more. Finally, in
a cohort study involving more than 636000 high-risk births, the implementation of structured
neonatal resuscitation training was associated with higher Apgar scores, and, thus, potentially

improved neonatal outcome. (241)

Despite the immaturity of our included patients, we observed a low number of
pneumothoraces and a rather low mortality rate, without any differences between the pre- and
post-training period. Although we did not find an effect of our in situ training on patient

outcome and survival, studies, such as the one by Andreatta et al. (242), have shown that in
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situ simulation training may in fact improve patient survival. They described a significant
increase in survival after paediatric cardiopulmonary arrest following the introduction of
unannounced ‘mock codes’ over a period of 48 months, and found a significant correlation
between increasing numbers of mock codes and improved survival rates. (242) Awadhare et
al. (243) also reported improved in-hospital paediatric cardiopulmonary resuscitation after the
introduction of a quality improvement bundle consisting of simulation training and debriefing
of actual cardiac arrest events. Accordingly, Reed et al. (244) regularly delivered in situ
simulation training at a level IV neonatal intensive care unit over four years and found a
marked reduction in so-called code-blue events involving cardiopulmonary resuscitation from
three to eight per month to zero to two every month. While none of the aforementioned
studies proves a causative relationship between SBME and improved patient outcome and

survival, they certainly provide evidence that must not be neglected.

There was no difference in the duration of hospitalization in our study, even when adjusting
the statistical analysis for the three extremely preterm neonates who had died within the first
nine days after birth. In contrast, Theilen et al. (178) reported an association between in situ
simulation training and fewer admissions to and shorter stays at a paediatric intensive care
unit. Sonesh et al. (245) also showed a reduction in neonates’ length of hospital stay after the

delivery of dedicated obstetrical team training.

As another secondary outcome parameter, we assessed training participants’ knowledge of
neonatal resuscitation guidelines and found a significant improvement after the delivery of in
situ simulation training. This finding was to be expected, as many studies have consistently
reported improved theoretical knowledge after SBME. (168-170,173,174,180,246) However,
in comparison to non-simulation-based educational interventions, SBME does not offer added
benefit regarding acquisition of theoretical knowledge. (168,174) This underlines the focus of
SBME on technical and non-technical, team-oriented skills acquisition and practice, as well as
the need to adapt the format and modality of simulation-based training to pre-defined

educational goals and specific target groups. (247)
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4.1 Limitations

Several limitations of this study have to be acknowledged:

First, based on the sample size calculation we targeted 30 events of postnatal stabilization and
resuscitation, but this number could not be reached, which limits the power and
generalizability of the results. On the other hand, the fact that the targeted number of patients
was not met further underlines the significant improvement in the teamwork event “evaluation
of plans” following the delivery of in situ simulation training.

Second, being video-recorded may have caused concern or even emotional distress on behalf
of some healthcare providers. (248,249) This — consciously or unconsciously — could have
affected actual clinical behaviour. However, we can only speculate about this potential effect,
as we did not assess participants’ experience of delivery room video-recordings in this study.
Third, based on feedback from the video reviewers, the ANTS element “Planning and
preparing®™ could not be sufficiently assessed in every video, because due to the acuity of
some delivery room stabilizations not all team briefings, which are important determinants of
clinical performance, (250) had been recorded.

Fourth, video assessors found the scoring of the ANTS category “Decision Making”
challenging in situations where no critical decisions were actually required during postnatal
stabilization.

Finally, we have used the ANTS score to measure the quality of non-technical skills.
However, this score has not been developed or validated for postnatal stabilization and
resuscitation, and since our study conceptualization and delivery several teamwork
assessment tools have been developed and studied for delivery rooms, (251) among them the
Global Assessment Of Team Performance checklist. (213) While our video reviewers found
the ANTS score to be suitable for our specific setting and study question, we do not know
whether having used an alternative teamwork assessment tool would have generated different

results.
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5. Conclusion

For this study, we were able to successfully implement an in situ simulation training program
with almost three trainings per week over a period of four months at our neonatal intensive
care unit. Non-technical skills and team interaction during actual postnatal stabilization and
resuscitation were already at a high level in the pre-training period, and there was no further
improvement after the educational intervention when employing the ANTS score.
Nonetheless, there was a significant increase in the teamwork event “evaluation of plans”
following the delivery of in situ simulation training. Training participants’ knowledge of
neonatal resuscitation guidelines was also significantly improved after in situ simulation
training, while we found no further improvements in several important clinical outcome
parameters, including time to first ventilation breath, SpO, and HR at five minutes, body
temperature during/immediately after postnatal stabilization and resuscitation, Apgar scores,
length of hospitalization, and mortality.

While this study has failed to prove a relevant effect on clinical outcome parameters, the
observed improvement in non-technical skills should not be underestimated, as these may
significantly impact the quality and effectiveness of patient care. Therefore, we are glad that
we have used this study to successfully introduce and establish regular interdisciplinary and
interprofessional in situ simulation training as part of our local educational practices.
Ultimately, establishing such simulation-based training curricula will aid the development of

healthcare into a high-reliability organization. (252)
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