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Abstract
Simulation has traditionally been used in neonatal medicine for educational purposes which include training of novice learners, 
maintaining competency of health care providers, and training of multidisciplinary teams to handle crisis situations such as neo-
natal resuscitation. Current guidelines recommend the use of simulation as an education tool in neonatal practice. The place of 
simulation-based education has gradually expanded, including in limited resource settings, and is starting to show its impact on 
improving patient outcomes on a global basis. Over the past years, simulation has become a cornerstone in clinical settings with 
the goal of establishing high quality, safe, reliable systems. The aim of this review is to describe neonatal simulation training as an 
effective tool to improve quality of care and patient outcomes, and to encourage the use of simulation-based training in the neona-
tal intensive care unit (NICU) for not only education, but equally for team building, risk management and quality improvement.

Conclusion: Simulation is a promising tool to improve patient safety, team performance, and ultimately patient outcomes, 
but scarcity of data on clinically relevant outcomes makes it difficult to estimate its real impact. The integration of simulation 
into the clinical reality with a goal of establishing high quality, safe, reliable, and robust systems to improve patient safety 
and patient outcomes in neonatology must be a priority.

What is Known:
• Simulation-based education has traditionally focused on procedural and technical skills.
• Simulation-based training is effective in teaching non-technical skills such as communication, leadership, and teamwork, and is recommended 

in neonatal resuscitation.
What is New:
• There is emerging evidence for the impact of simulation-based training on patient outcomes in neonatal care, but data on clinically relevant 

outcomes are scarce.
• Simulation is a promising tool for establishing high quality, safe, reliable, and robust systems to improve patient safety and patient outcomes.
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Abbreviations
NRP	� Neonatal resuscitation program
NICU	� Neonatal intensive care unit
ELBW	� Extra low birth weight infants
HBB	� Helping Babies Breathe program
QI	� Quality improvement
NBP	� Neonatal brachial plexus
MRSA	� Methicillin-resistant Staphylococcus aureus
ECMO	� Extracorporeal membrane oxygenation

Background

Simulation has a long history and tradition in medical 
education. In eighteenth century France, using the world’s 
first simulator, Madame du Coudray trained over 10,000 
midwifery students with the objective of reducing infant 
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mortality rates [1]. The use of simulation-based training in 
medical education has since steadily progressed, particu-
larly in high-risk specialties such as anesthesia, obstetrics, 
and neonatal-perinatal medicine primarily in high-income 
countries mainly due to the cost of the simulation equip-
ment [2]. Although simulation-based training has lagged in 
limited resource settings [3], large-scale global programs 
have shown its success [4]. Additionally, simulation-based 
training plays a critical role in patient safety. “To Err is 
Human” [5] underlined the importance of raising the level 
of patient safety with a shift from a traditional view of 
focusing on individual practitioner weaknesses to a sys-
tems approach focusing on the underlying system failures 
to prevent patient harm. Human factors and non-technical 
skills such as leadership, communication, and teamwork are 
therefore critical factors in improving team performance and 
in preventing medical errors [6]. Consequently, simulation 
has evolved over the recent years to become an essential tool 
in the training of teams, and is increasingly being used in 
quality improvement (QI) initiatives and to enhance safety 
culture [2]. According to Dr. Halamlek, “Our mission in  
neonatology—the delivery of safe, effective, and efficient 
care to critically ill neonates—can be greatly enhanced 
through the thoughtful and systematic application of  
simulation-based training, assessment, and research” [7].

The aim of this review is to describe the use of neo-
natal simulation training as a tool in improving provider 
skills and team performance, and to discuss its potential 
in improving quality of care, patient safety, and patient 
outcomes in the neonatal intensive care unit (NICU).

Simulation‑based training and education

Simulation-based training offers a safe risk-free environ-
ment for clinicians to develop and maintain competency 
[8]. Simulation-based training has become an integral part 
of many neonatal-perinatal medicine training programs, 
and is used as a basis for many standardized newborn  
training programs worldwide to teach neonatal procedures 
and resuscitation as noted in the 2021 European Resuscitation 
Council Guidelines [9–11]. In addition, simulation  has the  
potential to play a key role in maintaining professional 
competency for infrequently performed high-risk proce-
dures such as thoracentesis and extracorporeal membrane 
oxygenation (ECMO) [12, 13].Simulation-based training 
is also a valuable tool in teaching behavioral skills such as 
effective communication, teamwork, and leadership, which 
are essential aspects of team performance. Simulation can 
be used to develop these non-technical skills that cannot 
be learned using traditional teaching methods, and can be 
used to improve confidence and knowledge [8, 14].

Simulation in training and education can take many 
forms. It can be provided in dedicated simulation 

laboratories/centers or on-site in the health care setting, 
hospital, or clinic [15]. Simulation can be scheduled as 
specifically designated training sessions, or built-into the 
practice of a functioning unit, e.g., mock codes during 
working hours [16]. The use of newer technology such 
as virtual reality, tele-simulation, and serious games is 
increasing and may play a useful part in training of health 
care providers particularly for distance learning [17, 18]. 
Many examples have emerged during the COVID-19 pan-
demic attesting to the versatility of simulation even when 
performed remotely [19].

Fidelity is the level of realism associated with a par-
ticular simulation activity [20]. Fidelity is important for 
learner engagement and can be achieved through the use of 
appropriate material (mannequins, task trainers, software), 
by recreating an environment that resembles the clinical 
setting, through well-designed scenarios with which learn-
ers can relate (semantic fidelity) and which trigger cogni-
tive and psychological responses [21, 22, 8, 18, 23]. In-situ 
simulation is conducted in the actual clinical environment 
using clinical equipment and resources that closely mir-
ror the clinical reality [13, 22, 24]. It can also be used 
to identify latent threats to patient safety and to test new 
spaces [25–27].

When designing simulation-based education sessions 
and scenarios, a teaching plan which includes the learning 
objectives is essential. Learning objectives are not only 
central to scenario design but assist in the choice of the 
task trainer or mannequin to use [2, 18, 23]. In addition, 
the decision on whether to use high or low technology 
material is influenced by the clinical setting and local 
resources. There are a variety of neonatal task trainers for 
practicing, e.g., bag and mask ventilation, endotracheal 
intubation, and catheter placement. There is no conclusive 
data showing the superiority of high vs low-technology 
mannequins for simulation training in neonatology [8]. 
Each has its specific uses and should align with the desired 
learning outcomes. Despite the increase in the number of 
commercially available mannequins and task trainers, 
there is an unmet need for advanced neonatal simulators 
that allow for clinicians to practice neonatal scenarios. It is 
however possible to use simple and inexpensive materials 
to customize the mannequins to simulate specific neonatal 
conditions such as gastroschisis and meningomyeloceles 
[18, 23, 28].

Post-simulation debriefing is one of the most important 
components of simulation-based education and is critical to 
the learning experience [29]. Its objective is to encourage 
the learners’ reflective thinking and provide feedback about 
performance. Debriefing provides learners the possibility to 
reformulate the experienced scenario, explain thought pro-
cesses, discuss and learn from mistakes, and identify unmet 
needs [29, 30, 30–32]. The science of debriefing has rapidly 
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evolved over the past decades. Facilitator-guided debriefing 
is the most common method used in debriefing and the one 
that has been most extensively studied [30, 33]. Debrief-
ing methods encourage learners to discuss salient aspects 
of their simulated performance with minimal guidance from 
facilitators who encourage reflective learning. The facilita-
tor’s role is primarily to ensure that learners realize all the 
scenario learning objectives and through their own reflec-
tion internalize triumphs and failures. Several debriefing 
models such as advocacy inquiry, PEARLS, and plus-delta 
(outcomes-based), amongst others, have been described 
[30, 34, 35]. All focus on deep self-driven learner reflection 
on action as described by Kolb [36]. There is currently no 
evidence for the best method for debriefing, although deter-
mining ways to debrief based on specific learning contexts 
and specific learner needs seems to be a good approach to 
conduct effective debriefings [30].

Simulation and procedural skills training

Procedures remain a cornerstone of neonatal care. In the 
delivery room, approximately 1% of neonates will need 
advanced resuscitation interventions, with up to 15% of 
ELBW needing cardiopulmonary resuscitation [37, 38]. 
Most preterm infants and sick term babies will need addi-
tional procedures during their hospital stay. Adequate com-
petency in neonatal procedures is critical to the quality of 
neonatal care. Personnel should be trained for procedures 
occurring on a regular basis (e.g., central line placement) 
and on low incidence emergency procedures (e.g., chest tube 
insertion, thoracentesis, pericardiocentesis, and arrhythmias) 
to which teams are infrequently exposed. In these cases, 
training not only allows development of procedural skills for 
trainees and inexperienced personnel, but also is essential 
for the ongoing training of experienced personnel to main-
tain professional competency. In recent years, optimal man-
agement practices of newborn infants have gradually shifted 
towards a more individualized approach and a decrease in 
the number of invasive procedures. In addition, restrictions 
in working hours have resulted in decreased exposure to 
emergency situations for trainees.

Procedural skills training can occur as a stand-alone 
training, or in large training sessions encompassing many 
disciplines and many different stations, in the form of boot 
camps [23, 39]. However, results obtained by simulation-
based assessment methods of practical skills may be difficult 
to translate into clinical practice, even when using validated 
assessment tools [40]. Additional challenges relate to reten-
tion of knowledge and skill, and underline the importance of 
repeated training to maintain proficiency [41–43].

Simulation is also used to train teams in the cogni-
tive, technical, and behavioral skills needed for complex 

low-frequency, high-risk activities such as ECMO where it 
has been shown to effectively improve clinical performance 
[44–46]. Di Nardo et al. studied team performance in an Ital-
ian pediatric intensive care unit after initiation of high tech-
nology simulation training for ECMO. The study showed a 
decrease in oxygenator change time after failure from 5.3 to 
3.9 min (P = 0.02), a decrease in the time to respond to an air 
embolism (P = 0.048), and an increase in behavioral scores 
after simulation-based training (P < 0.01) [46]. These results 
confirm a previous study by Su et al. that shows improve-
ment in the deployment time of extracorporeal cardiopul-
monary resuscitation from 51 to 40 min (P = 0.018) after 
the use of simulation-based training and the application of 
formal quality improvement tools to the process [47]. How-
ever, both studies are of low sample size which emphasizes 
the need for further research into patient outcomes following 
simulation-based training.

Simulation and team training in neonatal 
resuscitation

Neonatal resuscitation is an example of a high acuity, high 
occurrence situation. Multidisciplinary resuscitation teams 
need to be trained and prepared to ensure optimal perfor-
mance in, often unanticipated, high-stress situations with 
high stakes [8].

Even in busy academic centers, it is challenging to ensure 
adequate training of all staff and maintain a consistent high 
level of skills and preparedness. Strict adherence to resusci-
tation guidelines is difficult [48–50].

Simulation-based education has emerged as an excellent 
tool to train teams in resuscitation compared to traditional 
clinical training [8]. Simulation is now an integral part of 
many standardized neonatal training programs worldwide 
[11]. The  Neonatal Resuscitation Program (NRP) was the first 
resuscitation program to integrate simulation-based training 
into its curriculum. Using a standardized curriculum including 
debriefing, the program has since been introduced to vast body 
of providers in the USA, and been made accessible to many 
disciplines across the globe through traditional NRP® training 
and the Helping Babies Breath (HBB) curriculum and through 
development of its supporting mannequins [18] The current 
European Resuscitation Council guidelines now recommend 
the use of simulation in training programs [11, 51].

In a neonatal resuscitation setting, teams are usually 
multidisciplinary, with professionals from different back-
grounds often coming together to work for the first time. 
Team behavior and team communications significantly influ-
ence the quality of neonatal resuscitation, and have been 
implicated in the majority of medical errors, with negative 
consequences on perinatal morbidity and mortality [52, 53]. 
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Simulation-based training can be used to train non-technical 
skills such as communication, teamwork, and leadership to 
improve team performance and team coordination [8].

There are few studies evaluating team performance after 
simulation training in neonatal resuscitation [53, 54]. A 
recent review found significantly improved team perfor-
mance in simulated re-evaluation 3 and 6 months after simu-
lation training [53].

Simulation and patient outcomes

Medical simulation strives to improve patient outcomes. 
However, data directly focusing on direct patient outcomes 
are few, especially in neonatal care [53, 55]. In addition, 
outcomes such as improvement of non-practical skills and 
human factors are difficult to evaluate and may be under-
reported [55, 56]. Examples from the adult and pediatric 
literature show that simulation-based education has led to 
improvement in certain patient outcomes such as a decrease 
in “time to needle” in stroke patients [57], a decrease in time 
to blood transfusion in trauma patients [58], improved clini-
cal response to postpartum hemorrhage [59], and increased 
survival to discharge after cardiac arrest [60].

Available reports on the effect of simulation on direct 
patient outcomes in neonatal care are often limited to single 
center studies. Several reviews on the impact of simulation 
on neonatal mortality and morbidity have not been able to 
reveal effects of team training on neonatal outcomes because 
of insufficient or poor quality data [53, 61].

The following examples highlight the use of simulation-
based training to improve neonatal outcomes:

Simulation, central line‑associated bloodstream 
infection (CLABSI), and hospital acquired infections

Central line–associated bloodstream infections (CLABSIs) 
are common problems in the NICU and are associated with 
increased mortality rates. Studies from 2012 have shown 
that CLABSI rates can decrease significantly from 13.9 per 
1000 catheter days to 4.7 (P < 0.0001) in a NICU after inte-
grating simulation-based training into a CLABSI prevention 
bundle [62]. This data is confirmed by adult studies show-
ing CLABSI rates declining by 85% in a medical intensive 
care unit after implementation of a simulation-based training 
protocol [63]. In this instance, the same simulation-based 
curriculum was successfully disseminated and implemented 
in a community hospital with a significant improvement in 
CLABSI rates [64]. Interestingly, CLABSI rates rose again 
after a short time period when residents were untrained and 
dropped again after the training program was reinstituted. 
This indicates that simulation-based training is highly effec-
tive in reduction of hospital acquired infections.

In situ simulation has also been shown to mitigate a 
methicillin-resistant S. aureus outbreak in a newly renovated 
NICU [65]. In this study, all NICU providers underwent a 
brief in-situ training session that included education, evalu-
ation, and debriefing. The study reported improved hand 
hygiene compliance and improvement in the culture of safety 
during a 6-month period. The in situ simulation intervention 
helped identify latent safety risks and improved workflow. 
No new cases of MRSA colonization or infection occurred 
over the course of 3 weeks after the simulation.

Simulation and reduction of hypothermia 
in extremely low birth weight infants in the first 
hour after admission to the NICU

The care of the extremely low birth infant (ELBW) is chal-
lenging and requires a high level of skill and teamwork. A 
French monocentric, retrospective, mixed-methods study 
evaluated the impact of an interdisciplinary in-situ simu-
lation focusing on the “Golden Hour” (the first hour after 
admission to the NICU), on hypothermia and the time to 
surfactant administration after birth, which are both asso-
ciated with outcomes in the ELBW [37, 66]. A hundred 
and thirty team members underwent interprofessional 
in situ simulation targeting the management of the ELBW 
infant during the first hour of life (Golden Hour protocol) 
over a period of 17 months (Fig. 1). Results after train-
ing showed improvement in body temperature (36.4 °C 
[35.7–36.9] versus 35  °C  [34-36]; P < 0.0001) and a 
decrease in time to surfactant administration (2.5 h [2.5–3] 
versus 3.5 h [3-4]; P = 0.001) after the training [67]. The 
study also included a qualitative analysis of the related 
learning processes and behavioral changes observed in 
relation to the simulation sessions. Improvement in team 
work and communication were observed after team train-
ing [68].

Simulation and prevention of neonatal brachial 
plexus injury

Birth trauma is a low-frequency high severity event. Mul-
tidisciplinary training by obstetrical providers using simu-
lation training for management of shoulder dystocia has 
been shown to decrease the incidence of neonatal brachial 
plexus (NBP) injury. A meta-analysis of 10 studies (non-
randomized and 1 cluster randomized trial) showed that the 
percentage of neonatal brachial plexus injuries per shoulder 
dystocia case fell from 12.1 to 5.7% (RR, 0.37; 95% Cr, 
0.26–0.57; probability of reduction 100%) in 3121 shoulder 
dystocia deliveries [69]. NBP injuries were also reduced 
across all deliveries (both vaginal and C section) but to a 
smaller extent (RR, 0.53; 95% Cr, 0.21–1.26; probability of 
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reduction 94%) [69]. Clavicular and humeral fractures were 
reduced in 6 studies (RR, 0.56; 95% Cr, 0.27–1.18; prob-
ability of reduction 94%) of 2275 cases of shoulder dystocia 
after simulation training. There was a marked variability in 
simulation exercises, type of mannequin, and frequency of 
sessions making it difficult to standardize the type of training 
that would be needed to see similar results, and the costs of 
simulation training were not calculated. The effect of simu-
lation training was most noticeable immediately after intro-
duction of these programs, but the effect on patient outcomes 
declined thereafter [70].

Simulation and reduction in neonatal mortality 
and stillbirth rates

Use of simulation training for obstetric and neonatal man-
agement of preterm births (and infants > 1000 g birthweight) 
in a cluster randomized trial (PRONTO training) has been 
shown to decrease neonatal mortality and stillbirth rates in 
Uganda and Kenya (control (23.3%) vs intervention (15·3%) 
OR 0.66 (CI 0.54–0.81) < 0.0001 [71]. This difference 
remained even after adjustment for caesarean sections, mul-
tiple gestations, sex, country, birthweight, center delivery 
volume, and facility readiness. The training which occurred 
every 5–8 weeks included scenarios addressing gestational 
age assessment, kangaroo care, breastfeeding, neonatal 
resuscitation, and feeding for preterm infants.

Helping Babies Breathe (HBB) is an example of a simula-
tion program using low fidelity equipment to teach neonatal 
resuscitation in limited resource settings [72]. The program 
trains birth attendants in the essential skills of neonatal 
resuscitation and has been implemented globally. HBB has 
been shown to improve early neonatal outcomes and fresh 
stillbirths in several settings, but its impact is difficult to 

measure because of lack of reliable data [61]. HBB has been 
shown to be highly cost-effective in a study from a Tanza-
nian rural hospital [73]. This again highlights the gains that 
could be achieved by simulation training even in limited 
resource environments.

Challenges in neonatal simulation

Interdisciplinary simulation training is an ideal tool for 
improving the quality of neonatal care. Several barriers still 
remain and should be addressed in order to fully integrate 
simulation into the wider clinical setting. Common barriers 
to implementation include cost, time, organizational chal-
lenges, unwillingness of staff, and absence of support from 
policy makers [22]. There are still no clear studies showing 
cost effectiveness of simulation [74]. Cost of material may 
be attenuated through innovative solutions to adapt avail-
able material to the desired learning objectives, or to use 
available equipment from the clinical setting which can be 
recycled for repeated use, or by sharing simulation material 
and equipment with other teams. Development of sharing 
programs or rental programs could be an innovative solution 
to the financial problem. Organizational challenges such as 
poor staffing and/or limited availability of time are a reality 
in many settings and must be addressed on an institutional 
level [22]. The justification of the use of simulation in train-
ing and in quality improvement initiatives is hampered by 
the current scarcity of evidence on clinically relevant out-
comes and the absence of research on cost-effectiveness. 
Research into these areas is crucial to facilitate dialogue 
with decision-makers and stakeholders, and to urge integra-
tion of simulation into the areas of training, risk manage-
ment and QI.

Fig. 1    © 2021 Premasim, 
Romain Moreau. All rights 
reserved. With permission. Pho-
tos from Premasim, an in situ 
simulation program at the 
APHP Paris Saclay University 
NICU in Paris. A A low tech-
nology mannequin (Premature 
Anne™) and clinical equipment 
from the NICU are used to 
create a realistic experience for 
learners. B Ongoing scenario 
with a multiprofessional team. 
C Low cost “icebreakers.” Plas-
tic cups with sweets covered 
with various slogans are used to 
facilitate briefing and debrief-
ing. D Debriefing
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Conclusion

Simulation has evolved from a procedural training tool for 
novices to slowly becoming a cornerstone in clinical settings 
in spite of numerous challenges. Simulation is a promis-
ing tool to improve patient safety, team performance, and 
ultimately patient outcomes, but scarcity of data on clini-
cally relevant outcomes makes it difficult to estimate its real 
impact. The integration of simulation into the clinical reality 
with a goal of establishing high quality, safe, reliable, and 
robust systems to improve patient safety and patient out-
comes must be a priority.

Research on cost effectiveness is essential to achieve buy-
in from decision makers and stakeholders.

Although many challenges and many unanswered ques-
tions still remain, the future seems promising. As per Dr. 
Gaba “The future of simulation in health care depends on 
the commitment and ingenuity of the health care simulation 
community to see that improved patient safety using this tool 
becomes a reality” [2].
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