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Definition of terms 

Early neonatal mortality: Death of a newborn between zero and seven 

days after birth. 

Fresh stillborn: A “fresh” stillborn foetus lacks skin changes and is 
presumed to have died intrapartum.  

Macerated stillborn: A “macerated” stillborn foetus presents skin and 
soft-tissue changes suggesting that death occurred well before start of 
labour.  

Neonatal encephalopathy: The American Academy of Pediatrics 
defines neonatal encephalopathy as “a clinically defined syndrome of 
disturbed neurologic function in the earliest days of life in an infant born 
at or beyond 35 weeks of gestation, manifested by a subnormal level of 
consciousness or seizures, and often accompanied by difficulty with 
initiating and maintaining respiration and depression of tone and 
reflexes” (1). 

Perinatal mortality: Early neonatal mortality and fresh stillbirths. 

Neonatal mortality: Death of a newborn < 28 days after birth. 

Under-five mortality: Death of a child < 5 years after birth. 

Summary 

Background: Globally, 1.4 million newborns die every year due to intra-

partum related events and fresh stillbirths, nearly all occurring in low- 

and middle-income countries. Many of these deaths could be prevented 
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if the non-breathing newborns received skilled and timely bag-mask 

ventilation at birth. Neonatal resuscitation guidelines recommend onset 

of bag-mask ventilation for non-breathing newborns within the first 

minute of life, the so-called Golden Minute. Guideline adherence for 

timely ventilation is challenging in clinical practice, and a multi-country 

study demonstrated that less than one percent of newborns were 

ventilated within the Golden Minute. The Helping Babies Breathe 

educational program improves knowledge and simulated skills in 

neonatal resuscitation. However, two systematic reviews found no 

overall difference in stimulation, suctioning, or bag-mask ventilation 

after implementation of the program, demonstrating the challenge of 

translating improved training-skills into clinical practice. The Helping 

Babies Breathe 2nd Edition addresses the challenges regarding program 

implementation and achievement of sustainable results.  

Aim: The overall aim of the thesis was to investigate the effects of 

several quality improvement/simulation-based training interventions, on 

simulation-based training performance, clinical practice, and perinatal 

outcome. 

Methods: The study design was a prospective, pre/post observational 

study conducted over a six-year period from 01.09.2015 to 31.08.2021, 

including two years post-intervention at a rural referral hospital, Haydom 

Lutheran Hospital, in Tanzania. We conducted three studies throughout 

the study period. In Study I, initiated September 2016, a novel newborn 

simulator was implemented for in-situ, individual skill-training, and 
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scenario team-training at labour ward, consistent with the Helping 

Babies Breathe 2nd Edition program. In Study II, initiated October 2017, 

local champions were appointed to encourage the midwives for enhanced 

simulation-based training effort. And finally, in Study III initiated 

September 2018, the local champions facilitated scenario team-trainings 

and led a quality improvement project, the Golden Minute Campaign. 

The campaign included data-guided scenario team training, frequent 

quality improvement meetings and clinical debriefings, and engaged all 

healthcare workers at labour ward and participants from the 

management. The study included a two-year post-intervention period. 

Data regarding training frequency and performance was collected 

automatically from the newborn manikin (Study I). All births, 

resuscitations and newborns were observed by trained research assistants 

and documented using a comprehensive data collection form containing 

wide-ranging information (Study II and III). In addition, physiological 

measures from the resuscitations were collected by a newborn 

resuscitation monitor for Study II.  

Results: 

Study I demonstrated increased training frequency, training performance 

and staff participation after the appointment of local champions to 

motivate for simulation-training in neonatal resuscitation using the new 

simulator. The number of individual skill-trainings increased from 688 

in 12 months to 8451 in 11 months, the number of monthly trainings per 

midwife increased from 2.3 to 26 (p<0.001) and the staff participation 

increased from 43% to 74% (p=0.016). The training performance, 
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measured as trainings conducted without errors, increased from 75% to 

91% (p<0.001). 

Study II showed translation of improved simulated ventilation skills to 

improved clinical performance with decreased time from birth to first 

ventilation and more continuous ventilations. Median time from birth to 

first ventilation decreased from 118 to 101 seconds (p=0.018), and time-

pauses during ventilation decreased from 28% to 16% (p<0.001). 

Study III demonstrated further reduction in time from birth to first 

ventilation, more non-breathing newborns ventilated within the Golden 

Minute and reduction in fresh stillbirths after implementation of the 

Golden Minute Campaign. During the quality improvement intervention, 

69% newborns were ventilated within the Golden Minute compared to 

16% during baseline and 42% and 29% post-intervention (p<0.001). 

Time to first ventilation decreased from median 101 (quartiles 72-150) 

to 55 (45-67) seconds, before increasing to 67 (49-97) and 85 (57-133) 

seconds post-intervention (p<0.001). More non-breathing newborns 

were ventilated in the intervention period (13%) compared to baseline 

(8.5%) and the post-intervention years (10.6% and 9.4%) (p<0.001). 

Among the newborns receiving bag-mask ventilation, there was a 

reduction in fresh stillbirths from baseline to intervention (3.2% to 0.7%) 

(p=0.013). 

Conclusion: This thesis demonstrates translation of simulated ventilation 

skills to enhanced clinical resuscitation performance, and ultimately 

improved patient outcome. Improvement of the time-critical procedure 
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of rapid onset of bag-mask ventilation, required data-guided scenario 

trainings led by qualified facilitators, in combination with a broader 

quality improvement effort, including provision of feedback from 

clinical data at quality improvement meetings. The benefits 

demonstrated for the fresh stillborns, might be due to more non-breathing 

newborns being correctly classified as severely asphyxiated newborns 

and additionally receiving rapid and good quality resuscitations by 

skilled midwives. The local champions seem to have played a crucial 

role when implementing the quality improvement efforts, especially for 

simulation-based training. The interventions investigated in this thesis is 

considered useful for other healthcare facilities, both in high- and low 

resource setting, for improved quality of care of the non-breathing 

newborns.        
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1 Introduction 

The United Nations Sustainable Development Goal (SDG) 3.2 aims to 

end preventable deaths of newborns and children under five years of age 

(2). To reach that goal, the countries need cost-effective, high-impact 

interventions in newborn care (3). Neonatal resuscitation is considered 

an essential intervention for reducing neonatal mortality (3,4). Research 

on the impact of interventions to provide healthcare workers with 

improved skills and knowledge in neonatal resuscitation, is therefore of 

great significance. This project intended to investigate the effects of 

several simulation-based training (QI/SBT) interventions using a novel 

simulator for neonatal resuscitation, in regards of SBT performance, 

clinical practice, and perinatal outcome.  

1.1 The burden of under-five mortality and perinatal mortality 

Following The Millennium Development Goals, there was a global 

reduction of under-five mortality rate by more than half, from 90 to 43 

deaths per 1,000 live births between 1990 and 2015 (5). The continued 

effort through the United Nations SDG 3.2 aims to end preventable 

deaths of newborns and children under five years of age. All countries 

are seeking to reduce under-five mortality to at least as low as 25 per 

1,000 live births and neonatal mortality to at least 12 per 1,000 live births 

within 2030 (6). So far, the global mortality rate of children under age 

five has fallen by 14 percent from 2015 to 2020 (6). Still, the uneven 
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distribution of under-five-mortality remains a challenge. Sub-Saharan 

Africa and central and southern Asia account for more than 80 percent 

of the under-five deaths in 2019, while they only account for 52 percent 

of the global under-five population (7). Further, the decline in neonatal 

mortality is slow, falling from 18.8/1000 in 2016 to 18.0/1000 in 2021 

(8,9). Globally, 2.3 million newborns die every year during their first 

month of life, and about a third of all neonatal deaths occur on the day 

of birth (8). Intrapartum-related events, commonly referred to as birth 

asphyxia, accounts for approximately 24 percent of the neonatal deaths 

(Figure 1) (10,11).  

Figure 1 Global causes of newborn and under 5 mortality. NCD=non-communicable disease. 
Reprinted from Children’s health priorities and interventions, by Wilson M Were et al., BMJ 
2015, under the terms of the Creative Commons Attribution IGO License (11).

In addition, approximately two million stillbirths occur annualy (12). 

More than 40 percent of stillbirths take place during labour and are 

classified as fresh stillbirths (FSB) or intrapartum stillbirths (12). Data 

on stillbirth rates are unprecise and most likely underestimated, due to 

underreporting (12,13). There is no specific aim of reducing stillbirths in 
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the SDG. However, the World Health Organisation (WHO) includes 

stillbirths in the Every Newborn Action Plan with the aim of reducing 

stillbirths to less than 12 or fewer per 1000 births in every country by 

2030 (14).  

Altogether, approximately 1.4 million newborns die every year due to 

intrapartum-related events and fresh stillbirths, and most of these deaths 

are preventable (3,12,14,15). It should be noted that there is uncertainty 

regarding the exact numbers of deaths, due to challenges in registration, 

especially for rural setting, and thus these numbers vary in different 

sources (10). Distinguishing between a stillbirth and a severely 

asphyxiated newborn resulting in early neonatal death (END) is 

evidently clinically challenging, demonstrating the need for tracking 

changes in mortality rates with measures combining FSB and early 

neonatal deaths (END), e.g., perinatal mortality (16).  

Neonatal disorders are the leading cause of disability adjusted life years 

(DALY) globally with neonatal encephalopathy being a major 

contributor (17). In addition to the wide number of deaths caused by 

intrapartum-related events, there are approximately one million disabled 

survivors due to neonatal encephalopathy with long-term neuro-

developmental injury, including cerebral palsy, global developmental 

problems, and malnutrition (18). Hypoxic ischaemic encephalopathy is 

a subgroup of neonatal encephalopathy that develops mainly from 

hypoxic ischaemia in the newborn (19,20).  
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1.1.1 Risk factors for intrapartum-related events and FSB 
Intrapartum-related events originate from hypoxia and subsequent 

ischemia often caused by disruption of placental blood flow, infection, 

or a newborn failing to establish and maintain regular breathing at birth 

(21). The pathophysiology processes may occur before, during or after 

birth. Conditions at risk of causing foetal hypoxia are e.g., pre-

eclampsia/eclampsia, disruptions of placental circulation (i.e. placental 

abruption), compressed umbilical cord, prolonged labour, breech 

presentation and shoulder dystocia (22). Postpartum hypoxia results 

from the failure of the newborn to initiate breathing after birth (22).  

Severely asphyxiated newborns and fresh stillborns seem to share a 

common hypoxic pathway, and many fresh stillborns are probably 

misclassified (23,24). A study demonstrated that many of the classified 

FSB were actually in secondary apnoea with cardiovascular collapse 

because of severe asphyxia (23).  

1.1.2 Interventions to reduce perinatal mortality 
To reduce perinatal mortality and reach the targets of the SDG 3.2 and 

Every Newborn Action Plan, a variety of available, cost-effective 

interventions are needed, ranging from reproductive health efforts like 

family planning, to pregnancy care including management of pregnancy 

complications and further through labour management and finally 

newborn care (14). A previous analysis of available interventions for 

reduction of newborn mortality concluded that the highest effect on 

neonatal deaths is achieved through interventions delivered during 
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labour and birth (3,14). This includes interventions for obstetric 

complications, followed by care of small and sick newborns, including 

neonatal resuscitation. Available interventions are thought to reduce the 

most common causes of neonatal mortality—preterm, intrapartum, and 

infection-related deaths—by 58%, 79%, and 84%, respectively (3). 

Every Newborn Action Plan highlights the importance of interventions 

for mother and newborn addressed as a functional unit delivered in a 

narrow time window by the same healthcare provider (or team) and in 

the same place, with referral for management of complications including 

mother and baby together (14). Specifically relevant for the present 

thesis, is the evidence of a 30% reduction in term intra-partum-related 

deaths following neonatal resuscitation training in healthcare facilities 

(4).  

1.2 Neonatal resuscitation 

In 1992, the International Liaison Committee on Resuscitation (ILCOR) 

was established (25). The collaboration consists of numerous member 

organisations, i.e., the American Heart Association and resuscitation 

councils from various continents. Within ILCOR, the Neonatal Life 

Support Task Force focuses on development of consensus on science and 

treatment recommendations (CosTR), based on systematic and scoping 

reviews (25). Guidelines for neonatal resuscitation are updated 

frequently, most recent in 2020 (Appendix 1) (26).  

A previous study demonstrated that 93 percent of the live newborns, who 

initiate spontaneous breathing after birth, do so in less than 30 seconds 
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and 99 percent in less than 60 seconds (27). Further, approximately 3-10 

percent of liveborn need respiratory support, and <1 percent require 

advanced cardiopulmonary resuscitation (27–31). In low-resourced 

settings, access to advanced treatment of asphyxiated newborns is 

limited, and tailored resuscitation algorithms, like the Helping Babies 

Breathe (HBB) program, are needed (32). Importantly, all neonatal 

resuscitation algorithms, regardless of resource-setting, share the basic 

resuscitation steps of drying, warming, stimulation, clearing of airways 

when needed and early onset of BMV. These initial steps should be 

completed within 60 seconds after birth, the so-called Golden Minute 

(Appendix 1).  

1.2.1 Helping Babies Breathe 
The American Academy of Pediatrics (AAP) launched the Neonatal 

Resuscitation Program (NRP) in 1987, based on the ILCOR guidelines, 

to ensure a standardised and evidence-based approach to training in the 

resuscitation of the newborn (33). The program is currently implemented 

in 130 countries with over 5 million healthcare workers trained (34). 

Several neonatal programs and guidelines for increased survival have 

been initiated since the launch of NRP, including HBB that was 

introduced in 2009 (32). The paper “Neonatal resuscitation in global 

health settings: an examination of the past to prepare for the future”, 

provides an overview of the different programs from NRP to Helping 

Babies Breathe 2nd Edition, including the Helping Mothers Survive, 

Every Newborn Action Plan and Essential Care for Every Baby (32). 
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HBB is a global curriculum applying SBT as part of the skill-training for 

basic neonatal resuscitation (35). The first edition of the HBB curriculum 

was developed by the Global Implementation Task Force, a private-

public collaboration consisting of stakeholders brought together by the 

American Academy of Pediatrics (AAP) (32). The aim was to develop a 

standardized, simplified neonatal resuscitation curriculum based on the 

same evidence as the NRP (36). The program was especially designed 

for low-resource settings and has been introduced in over 80 low/middle-

income countries worldwide since the introduction of the program (37). 

HBB focuses on improving healthcare workers understanding and basic 

resuscitation skills through SBT, emphasizing training with peers to 

build teamwork, communication skills, and reflective learning (38). 

Following the implementation of HBB 1st Edition, challenges of 

sustained changes was identified, requiring improvements of the 

educational package and implementation approach in the program (38). 

In 2016, the HBB 2nd Edition was launched, aiming to achieve more 

longstanding changes (Figure 2) (39). 
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Figure 2 Action Plan for Helping Babies Breathe (HBB) 2nd Edition by American Academy of 
Pediatrics, Laerdal Global Health. Helping Babies Survive, 2016 Chicago. Reprinted with 
permission from Laerdal Global Health. 

Additionally, in 2017, an Utstein-paper formulated 10 essential action 

points for implementation of the Helping Babies and Mothers Survive 

programs (40). These action points included focus on local champions, 

local systems for low-dose high-frequency training, facility-level 
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perinatal QI teams and systems for collecting clinical data to drive local 

QI (40).  

1.2.2 Helping Babies Breathe at Haydom 
In 2010, Haydom Lutheran Hospital (HLH) introduced HBB as one of 

eight sites in a multicentre study to evaluate implementation and impact 

of the HBB program (30,41). Initially, the training was a one-day course, 

but in 2011, frequent brief on-site training was implemented to support 

the training with the aim of translating the skills from training to clinical 

practice (42). During this period, five midwives were educated as HBB 

trainers with responsibility of conducting a one-day HBB course 

annually. The trainers also provided a weekly brief (3-5 minutes) at the 

ward, and a monthly 40-minute HBB simulation-training for all 

midwives. Midwives were encouraged to conduct high-frequent 

individual skill-training whenever time allowed. SBT at Haydom, 

previous to and throughout the studies included in this thesis, is shown 

in Figure 3. During the study period, several QI/SBT interventions using 

the HBB 2nd Edition were implemented. Study I investigated the impact 

of implementing a novel simulator, NeoNatalie Live, using local 

champions to motivate for training in regards of simulation-training 

outcome. Study II investigated the potential improvements in clinical 

resuscitation performance and perinatal outcome following this 

implementation. Finally, Study III investigated the impact of a QI/SBT 

project, the Golden Minute Campaign, including e.g., data-guided 

feedback for scenario team trainings and monthly QI meetings, in 
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regards of potential improvements in clinical performance and perinatal 

outcome. Detailed information regarding all study interventions is 

provided in chapter 4.4 Interventions. 

Figure 3. Simulation-based training at Haydom Lutheran Hospital 2010–2021. HBB; Helping 
Babies Breathe, LDHF; low-dose high frequency training; Local Champions; dedicated 
midwives in charge of facilitation and motivation for one-site training in HBB 2nd Edition. The 
Golden Minute Campaign was a QI/SBT project, including data-guided feedback, during the 
post-intervention period the QI effort were scaled down. The figure is reprinted from Increase in 
newborns ventilated within the first minute of life and reduced mortality following clinical data-
guided simulation training, by Vadla MS et. al, Simulation in Healthcare (in review), 2023, under 
the terms of the Creative Commons Attribution IGO License (Study III). 

1.2.3 Safer Births 
The present thesis is part of the Safer Births research project. Safer Births 

is a research and development project to save lives at birth initiated at 

HLH in 2013 (43). Throughout the last decade, clinical tools and 

educational interventions have been implemented and investigated at the 

hospital, resulting in more than 100 published papers, and improved 

neonatal survival (43). The clinical tools consist of a novel foetal heart 

rate monitor, newborn heart rate meter, an upright bag-mask ventilator 

and a newborn resuscitation simulator and is described in the Safer Births 

Report (44). Clinical data-driven feedback, where clinicians receive 

clinical data from their ward, has recently been an important feature of 

the QI effort in the Safer Births project.  



Introduction 

11 

1.2.4 The Golden Minute 
Both the ILCOR guideline and the HBB algorithm highlight the 

importance of rapid initiation of BMV within the first minute of life. 

Guideline adherence of rapid initiation of BMV has proven to be 

challenging (45–48). A recent study from three low-income countries 

demonstrated that only <1 percent of non-breathing newborns received 

BMV within the Golden Minute (45). The reasons underlying the 

difficulties of timely BMV is not well documented but is thought to be 

caused by time constraint and cognitive load, due to multiple tasks 

required completed within a constricted timeframe (49). In a qualitative 

study, simulation-facilitators regarded challenges in understanding the 

clinical relevance of the Golden Minute and struggles of accurately 

identify non-breathing newborns needing resuscitation as main barriers 

for timely BMV (48). In addition, they mentioned slow cord clamping, 

performance of initial resuscitation steps, and care for the mother as 

factors increasing time to onset of BMV (48). Despite these barriers, a 

recent a study from Nepal managed to demonstrate an increase newborns 

ventilated within the Golden Minute from none to 84 percent following 

a QI intervention at a tertiary hospital, showing the potential of 

improving this challenging time-critical procedure (50). 

1.3 Simulation-based training 

Simulation-based training is commonly used to improve skills in 

neonatal resuscitation and is a key component of the HBB program 

(51,52). Gaba defines simulation as “a technique to replace or amplify 



Introduction 

12 

real experiences with guided experiences, often immersive in nature, that 

evoke or replicate aspects of the real world in a fully interactive manner” 

(53). Simulation may include role-playing, use of standardized patients, 

computer patients or electronic patients (manikins/simulators) (51). 

Simulators features varying levels of fidelity: low fidelity simulators 

offer a physical body, but require an instructor to provide physiological 

information, while as high-fidelity simulators are interactive and life-like 

and can illuminate physiological conditions (51). Issenberg et al. lists 

several features that are associated with effectiveness in high-fidelity 

simulators including i.e., provision of feedback, curriculum integration, 

range of difficulty level, repetitive practice, and individualized learning 

(54). SBT can be located in-situ or off-cite, e.g., at a simulation-centre, 

and the advantages for different locations depend on the aim of the 

training (55). Superiority of in-situ SBT for individual or team learning 

has not been demonstrated, but in-situ SBT has shown an advantage for 

organisational learning (56,57). Prof. Brazil introduced the term 

translational simulation as an alternative for the more narrowed focus of 

SBT location and modality and described the term as “healthcare 

simulation focused directly on improving patient care and healthcare 

systems, through diagnosing safety and performance issues and 

delivering simulation-based intervention, irrespective of the location, 

modality or content of the simulation.” (55). The simulator used for SBT 

in this thesis was a low-cost, but high-fidelity manikin, NeoNatalie Live 

(Laerdal Global Health) providing in-situ SBT at the labour ward in a 

rural Tanzanian hospital.  
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SBT can be carried out individually or in a team, depending on the aim 

of the training. Individual training mainly focuses on improving 

technical skills, like bag-mask ventilation (BMV) of newborns or 

surgical suturing, while team training additionally enables learning of 

non-technical skills, i.e., situation awareness, leadership and decision 

making, through predefined scenarios (58). For time dependent medical 

procedures, like rapid onset of BMV or stroke management, scenario 

team-training has been proven effectful for improved quality of care 

(59,60). In these clinical settings, it is necessary to offer healthcare 

workers learning opportunities that includes realistic scenarios capturing 

the complete timeline of the procedure, involves the entire team and 

includes debriefing in a safe learning environment (59–62). Feedback 

loops, where factors relevant to local practice is guiding the scenario 

team-trainings, as part of QI projects are promising, but the literature on 

the topic is limited (59,60). Audit and feedback will be discussed in 

greater detail in the theory section. The SBT interventions in the included 

studies of this thesis included both individual skill-training and scenario 

team-training.  

In general, barriers to clinical in-service SBT are typically high staff 

turnover and limited time to focus on training and practice (63). For 

resource-limited settings, it is essential that developers of SBT 

interventions carefully consider culture and contextual factors, e.g., 

available equipment and drug names, when designing and implementing 



Introduction 

14 

scenarios for SBT, to avoid unrealistic or potentially hazardous scenarios 

(64). In many settings, feedback and debriefing as part of education are 

new concepts, and “shame and blame” culture might be barriers for 

creating the necessary psychological safety for SBT (65). (65). Further, 

sustainability must be considered carefully, e.g., using low-cost, low-

fidelity simulators that require minimal maintenance and training, 

limiting supplies needed for facilitating the scenario and having 

collaborators eager to continue the training (64). 

1.3.1 Simulation-based training in neonatal resuscitation 
SBT in neonatal resuscitation is considered highly effective regardless 

of assessed outcome, level of learning, study design og specific task 

trained (66). Simulation-based team training also holds the potential of 

improving important non-technical skills in neonatal resuscitation (67). 

A Cochrane review concluded that training healthcare workers in 

standardized formal neonatal resuscitation training programs resulted in 

a reduction of early neonatal and 28‐day mortality (68). The study 

highlights the need for further research in educational methods that 

facilitate acquisition and retention of knowledge and skills and 

encourage future studies to report outcomes related to long‐term health 

(68).  

Patel et al (69) showed a significant reduction in perinatal mortality after 

implementation of a variety of neonatal resuscitation training (NRT) 

programmes (all the NRT programmes included SBT for skill-training). 

Stillbirths were reduced by 12 percent, fresh stillbirths by 26 percent and 
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one-day mortality by 42 percent. The authors highlight the need for 

further studies to investigate the best combination of setting and type of 

trainee, in addition to assessing the optimal frequency of training (69).  

The literature on HBB show reduced early neonatal mortality and FSB 

following implementation of HBB 1st Edition (30,42,50,63,70). A recent 

systematic review of the HBB program, highlights the need for studies 

related to HBB 2nd Edition and other guidelines for implementing 

sustained practice and local mentorship (63).  

1.4 Quality Improvement in healthcare 

There is growing body of supporting evidence demonstrating SBT to be 

an effective learning method (51,52,71). However, the greater potential 

might be utilized when embedding SBT in broader QI efforts. Then SBT 

might contribute to and shape the culture and relationships that 

strengthen structural or process specific intervention (72). In general, QI 

efforts in healthcare are implemented to provide delivery of care that is 

safe, timely, equitable and cost effective (73). Healthcare systems are 

dynamical, complex social systems, changing over time, consequently 

challenging the processes of QI (73). Evidence of the impact of QI 

interventions diverge, and systematic reviews conclude that QI 

interventions depend on the specific setting for implementation (74–76). 

The literature on QI from developing countries identifies some success 

factors for improved patient care and healthcare delivery in low-

resourced settings (77). These studies show that successful QI 

interventions are often multifaceted, concurrently addressing providers, 
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patients and system interventions, and establishing standards and then 

continuous measurement and feedback to track progress (77,78). As the 

science of QI has progressed, the focus of utilizing high-quality data to 

identify gaps in service delivery and inform improvement approaches 

has increased (79–81). Audit and feedback (A&F) will be discussed in 

further detail in chapter 3. Theoretical perspectives.  

Among several implementation strategies for QI interventions, the use 

of local champions is widely recommended (80,82–85). Miech et al. 

define a champion as “an implementation-related role occupied by 

people who (a) are internal to an organization; (b) generally have an 

intrinsic interest and commitment to implementing a change; (c) work 

diligently and relentlessly to drive implementation forward, even if those 

efforts receive no formal recognition or compensation; (d) are 

enthusiastic, dynamic, energetic, personable, and persistent; and (e) have 

strength of conviction” (84). Local champions have been appointed 

when implementing QI interventions in several clinical areas, including 

stroke management (86,87), resuscitation (88) and mental health (85) 

and was used to facilitate the QI/SBT intervention in the present thesis.  

Overall, there is a need for more knowledge regarding translation of 

simulated skills into clinical practice and impact of patient outcome, as 

well as research of SBT as part of more comprehensive QI efforts.   
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2 Aims 

The overall aim of the thesis was to investigate the effects of several 

QI/SBT interventions, on SBT performance, clinical practice, and 

perinatal outcome in neonatal resuscitation. The thesis aimed at 

providing new knowledge regarding implementation strategies for the 

HBB 2nd Edition and to achieve successful translation of simulation-

based training skills into improved clinical performance.  

2.1  The specific aims of the studies 

1. To describe changes in staff participation in SBT, training

frequency, and simulated ventilation quality, before and after

introduction of local champions to facilitate HBB training using

a novel simulator for neonatal resuscitation (Study I).

2. To describe changes in clinical resuscitation practice and

perinatal outcomes, before and after introduction of a novel

newborn simulator and then local champions to facilitate in-situ

SBT and scenario team-training for neonatal resuscitation

(Study II).

3. To decrease time from birth to start of ventilation and document

potential changes in perinatal outcomes after implementation of

an HBB QI intervention (Study III).
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3 Theoretical perspectives 

3.1 Kirkpatrick model-evaluation of simulation-based training  

The Kirkpatrick model has been used for evaluation of training 

effectiveness since 1959 (89) and the model is often used to evaluate 

SBT interventions (90–93). The Kirkpatrick model comprises four-

levels of training evaluation, illustrated in Figure 4 (94). Level 1- 

reaction, evaluates whether the participant find the training favourable, 

engaging, and relevant for their jobs. Level 2 - learning, evaluates the 

learning in terms of improved knowledge and simulated skills, in 

addition to increased confidence and commitment. Level 3 – behaviour, 

evaluates the participants behaviour in their clinical work, investigating 

the translation of simulated skills to clinical performance. Finally, Level 

4 – results, evaluates if the targeted results, e.g., improved patient 

outcomes, occur as a result of the training. The Kirkpatrick model was 

chosen as a theoretical model in this thesis, due to the aim of evaluating 

SBT interventions at various outcome levels, learning, clinical 

performance, and patient outcome. The model is known to be 

operational, providing clear evaluative steps, and relevant across settings 

and industries (95), and was thus considered suitable for evaluating the 

present interventions. The SBT interventions in the thesis will be 

evaluated according to the Kirkpatrick model, Level 2 (learning), 3 

(behaviour) and 4 (results).  
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Figure 4 Kirkpatrick model illustrating the four levels of evaluation of training effectiveness. 

3.2 Audit & Feedback- a QI tool 

In the present thesis, feedback was a substantial part of the interventions, 

both in individual skill-training (automated performance feedback), 

scenario-based team-training (clinical data-guided scenario design and 

debriefing) and during the more comprehensive QI intervention, the 

Golden Minute Campaign (clinical data for QI meeting discussions). 

Audit and feedback (A&F) means supporting recipients with a summary 

of their performance over a specified period of time (96). A&F is 

considered an important tool in QI and has received enhanced focus as 

high-quality data is increasingly used to identify gaps in service delivery 

and inform improvement approaches (79–81). Previous reviews of A&F 

in healthcare concluded that the approach led to small but potentially 
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important improvements in professional practice, but with wide 

variations in its impact (96–98). Further, the effectiveness of A&F 

seemed to depend on baseline performance and how the feedback was 

provided (97). Five important features of effective A&F were summed 

up in a Cochrane review: i) the health professionals are not performing 

well to start out with; ii) the person responsible for the audit and feedback 

is a supervisor or colleague; iii) feedback is provided more than once; iv) 

feedback is given both verbally and in writing; v) feedback includes clear 

targets and an action plan (97).  

A recent model, the Clinical Performance Feedback Intervention Theory 

(CP-FIT), claims to explain reasons for feedback effectiveness variation 

found in the latest Cochrane review (98,99). This model will be used for 

a more detailed discussion of the complex feedback component of the QI 

intervention, the Golden Minute Campaign, in this thesis. The model was 

preferred because it offers, to our knowledge, the most comprehensive 

theory to date on terms for optimal audit and feedback and is developed 

specifically for the complexity of healthcare systems.  

3.2.1 Clinical Performance Feedback Intervention Theory 
(CP-FIT) 

CP-FIT was designed due to existing theories lacking 

comprehensiveness and specificity necessary for feedback interventions 

in healthcare. The authors synthesised 65 papers evaluating 73 feedback 

interventions from countries spanning five continents and developed 

their model from the synthesis which builds on 30 pre-existing theories 



Theoretical perspectives 

21 

(99). The CP FIT model was specifically developed for the healthcare 

system to explain factors that influence chances of successful use of audit 

and feedback. The model is illustrated in Figure 5 (99). Three sets of 

variables: the feedback variables, recipient variables and context 

variables, all influence the feedback cycle through common 

mechanisms, as illustrated in Figure 5. The eleven steps of the feedback 

cycle, e.g., goal setting, data collection and analysis, are sequential 

actions necessary to improve clinical performance. Initially, there is goal 

setting for improvement, then data on this specific clinical task is 

collected, analysed, and presented to the healthcare workers. Further the 

reception, comprehension, and acceptance of this by the healthcare 

workers result in a planned behavioural response based on the feedback 

which ultimately leads to improved clinical performance. In some cases, 

a further step of verification could occur between perception and 

acceptance of feedback where recipients question the data underlying 

their feedback. In addition to improved clinical performance, positive 

and/or negative unintended consequences may occur as a result of the 

feedback intervention. To ensure a successful progress of the feedback 

cycle, it is substantial that all steps are completed and that the feedback 

intervention includes theory-based, influential variables (feedback, 

recipient, and context variables).  
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Figure 5 Clinical Performance Feedback Intervention Theory: the variables, explanatory 
mechanisms, and feedback cycle. Reprinted from Clinical Performance Feedback Intervention 
Theory (CP-FIT): a new theory for designing, implementing, and evaluating feedback in health 
care based on a systematic review and meta-synthesis of qualitative research by Brown et al., 
Implementation Science, 2019, under the terms of the Creative Commons Attribution IGO 
License (99).

CP-FIT states that “effective feedback works in a cycle of sequential 

processes; it becomes less effective if any individual process fails, thus 

halting progress round the cycle. Feedback’s success is influenced by 

several factors operating via a set of common explanatory mechanisms.” 

(99). These explanatory mechanisms, e.g., resource match and 

complexity, enhance or diminish the effect of the feedback cycle by 

affecting the different steps in the cycle. CP-FIT summarises these 

effects in three propositions: “(1) health care professionals and 
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organisations have a finite capacity to engage with feedback, (2) these 

parties have strong beliefs regarding how patient care should be provided 

that influence their interactions with feedback, and (3) feedback that 

directly supports clinical behaviours is most effective” (99).  

3.2.2 CP-FIT and the Golden Minute Campaign 
The Golden Minute Campaign was designed according to the Plan-Do-

Study-Act (PDSA) cycle (73). The PDSA method follow a specified four 

phase cyclic learning approach to achieve desired changes aimed at 

improvement. In the ‘plan’ phase a change aimed at improvement is 

identified, the ‘do’ phase apply the change, the ‘study’ stage examines 

the effect of the change, and the ‘act’ phase identifies adaptations and 

next steps to inform a new cycle (73). The “study” component of the 

PDSA cycle in this thesis involved a comprehensive feedback 

intervention, with collection of clinical data and the presentation of 

feedback regarding clinical performance to the healthcare workers 

during e.g., monthly QI meetings. The feedback was discussed at the 

meetings with the aim of agreement on action points for clinical 

performance improvement. In addition, feedback on individual 

performance during real-life resuscitations were debriefed immediately 

and further conversed at ward meeting during the week. Clinical data 

guided the design of scenarios for team-trainings, hence addressing gaps 

in clinical performance and facilitating targeted training. This part of the 

PDSA cycle includes the components of Feedback Cycle process of CP-

FIT in the present thesis and will serve as a theoretical perspective to 
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broaden the discussion and evaluation of the QI/SBT intervention (the 

Golden Minute Campaign). According to Bong, comprehensive theory 

allows researcher to select variables of interest and analyse their 

relationship without losing sight of the big picture (100).  CP-FIT aims 

at utilizing feedback from clinical patient data, thus it is not considered 

suitable for evaluation of the feedback provided by the simulator and 

during scenario debriefings in Study I and II. 
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4 Methodology 

4.1 Study design 

The thesis comprised three quantitative pre/post observational studies 

shown in Figure 6.  All studies were conducted at HLH; Study I was 

conducted from 1st September 2016 to 31st August 2018, Study II was 

conducted from 1st September 2015 to 31st August 2018, and Study III 

was conducted from 1st October 2017 to 31st August 2021.  

Figure 6. Overview of the studies included in the thesis: Study I and II: Self-guided training vs. 
Local champions, Study III: Local champions vs the Golden Minute Campaign. 

4.2 Participants 

The participants of the SBT intervention for Study I and II were 

midwives working at labour ward and in neonatal care unit (included 

from January 2018).  All midwives at the labour ward, and the neonatal 

unit from January 2018, were eligible for the study and all gave consent 
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for participation in the study. The ward experiences a high-staff turnover, 

due to new government employment opportunities every midyear, 

leading to experienced midwives leaving the hospital and newly 

educated midwives starting at the end of each year. Thus, the number of 

participants in Study I and II varied throughout the study period (n= 15-

27). Training data were recorded from the simulator, NeoNatalie Live, 

and all individual skill-training sessions conducted by the midwives were 

recorded during the study. In Study III, all healthcare workers at labour 

ward were included in the intervention, the Golden Minute Campaign, 

however most participants were midwives. For Study II and III, clinical 

performance and perinatal outcomes were recorded from all births. All 

labouring women and newborns at HLH were participating in the study 

from 1st September 2015 to 31st of August 2021.  

4.3 Study setting 

4.3.1 Tanzania 
The United Republic of Tanzania is the largest country in East Africa, 

capturing an area of about 945,087 square kilometres (101). The union 

was formed in April 1964 and Tanzania Mainland comprises 27 

administrative regions, 133 districts and 162 councils (101). Over the 

past decade, Tanzania has achieved relatively strong economic growth 

and declining poverty rates, but the country is still considered a lower 
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middle-income country (102). Some key indicators are presented in 

Table 1.  

Table 1. Key indicators for The United Republic of Tanzania regarding demographics, 

mortality, and healthcare. 

Indicator 
Estimated Population December 2022 63,918,927a 

Population density 69.14 persons per square kilometreb 

Population composition Males 51.7%, Female 48.3%b 
Population growth per year 3.0%b 
Births per year 2,145,193b 
Total fertility rate 4.7 per womanb 
Life expectancy 66.1 yearsb 
Median age 18 yearsb 
Poverty rate (the percentage of the 
population living on less than $5.50 a 
day) 

91.8%b 

Literacy rate  71.8%b 
Maternal mortality rate 5.2/1000b 
Under-five-mortality rate 48.9/1000c 

Neonatal mortality rate 20.1/1000c 

Antenatal care 1+ visit - percentage of 
women (aged 15-49 years) attended at 
least once during pregnancy by skilled 
health personnel 

98%c 

Antenatal care 4+ visits - percentage of 
women (aged 15-49 years) attended at 
least four times during pregnancy by any 
provider 

62.2%c 

Skilled birth attendant - percentage of 
deliveries attended by skilled health 
personnel 

63.5%c 

Postnatal care for newborns - percentage 
of newborns who have a postnatal 
contact with a health provider within 2 
days of delivery 

42.9%c 

Government expenditure on health (% 
GDP) 

3.83d 

aWorldometer (103); bTanzania Fertility Rate 1950-2022 (104); cUnited Republic of 
Tanzania (TZA) - Demographics, Health & Infant Mortality UNICEF DATA (105);
dCurrent health expenditure (% of GDP) – Tanzania (106)  

The Ministry of Health and Social Welfare (MOHSW) owns the overall 

responsibility for the health and social welfare services and defines the 
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priorities for the sector services (101). Every fifth year, MOHSW 

publishes the Health Sector Strategic Plan (HSSP) as their guiding 

reference document for further planning at all levels of the healthcare 

system (101,107).  

An overview of the healthcare system in Tanzania is shown in Figure 7, 

as presented in HSSP IV (101). Tanzania has a long history of public-

private partnerships, and about 40% of health facilities are owned by 

private sector, which include faith-based organisations, civil society 

organizations, and private-for-profit providers (107). Primary healthcare 

services are the basis of the healthcare system where healthcare workers 

are engaged at dispensaries and health centres (101). Dispensaries 

provide preventive and curative outpatient services, while health centres 

also admit patients and occasionally provide surgical services. Council 

hospitals offer healthcare to referred patients and provide medical and 

basic surgical services. Regional Referral Hospitals function as referral 

hospitals delivering specialist medical care. Zonal and National 

Hospitals deliver advanced medical care and are educating hospitals for 

medical, paramedical, and nursing training (101). The educational 

qualification of midwives in Tanzania is a Bachelor of Science in 

nursing-midwifery (108).  
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Figure 7. An overview of the healthcare system in Tanzania with a collaboration of public and 
private healthcare providers at different levels. Figure reprinted from Health Sector Strategic Plan 
IV (HSSP IV), by United Republic of Tanzania Ministry of Health and Social Welfare (101). 

According to the HSSP IV, reproductive health services are not 

performing as intended in Tanzania and most targets for these services 

in HSSP III have not been reached (101). Even though there has been 

increasing numbers of facilities that offer reproductive health services, 

skilled birth attendance and post-natal care during the HSSP III period, 

the facilities still face shortages of skilled staff and supplies (101). In 

many rural areas, the pace of quality improvement and availability of 

health services lags that of urban areas. Additionally, the healthcare 

provided for persons with disabilities in Tanzania are inadequate and 

inequitable, and particularly challenging in rural areas (109). 
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4.3.2 Haydom Lutheran Hospital 

Haydom Lutheran Hospital (HLH) is a referral hospital in the Manyara 

region of the northern-central part of Tanzania. HLH is a non-

governmental hospital owned by the Lutheran church. The Manyara 

region has four hospitals, where HLH serves a catchment area of about 

500 000 people, and a higher reference area covering 2 million people 

(110). The Haydom Township, where HLH is located, is a rural, low-

income setting with 20,000 inhabitants. HLH has a capacity of 450 beds 

and provides reproductive and child health services, in addition to 

medical, surgical, outpatient, pharmacy, and medical and technical 

divisional services. During the study period, 3,000-3,500 births were 

conducted annually at the hospital. Approximately 50 percent of the 

births in the catchment area are taking place outside healthcare facilities 

(111). Prior to 2013, delivery services at HLH were free of charge, but 

in 2013/2014 the hospital introduced several user fees. In July 2013, 

HLH introduced a fee of about 1 USD per kilometre distance for 

ambulance services, and in January 2014 a delivery fee of 12 USD for a 

vaginal delivery and about 30 USD for a caesarean section, unless it was 

proved that the family was not able to afford the cost (112). A previous 

study demonstrated an increase in labour complications and caesarean 

sections at HLH after the introduction of these fees (112).   

4.3.3 Labour ward 

The maternity block at HLH includes the labour ward, postnatal ward, 

and neonatal care unit. Labour ward consists of six one-bed delivery 
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rooms with neonatal resuscitation tables present in every room and one 

operating theatre for caesarean sections. Midwives are working in three 

shifts, covering 24/7, and are responsible for all births and most of the 

neonatal resuscitations. There are three to five midwives present on each 

shift. Physicians are present during daytime and on-call during night-

time, and the ward provides comprehensive obstetric and basic newborn 

care on a 24/7-basis. One midwife covers the neonatal unit, where 

severely sick newborns are admitted.   

4.4 Interventions 

4.4.1 NeoNatalie Live 

In September 2016, HLH implemented a novel newborn simulator, 

NeoNatalie Live (Laerdal Global Health, Stavanger, Norway), at their 

labour ward for in-situ SBT. Their main focuses were to reduce time to 

start ventilation, improve time of applied continuous ventilation, and 

utilization of heart rate as an indicator of ventilation quality. The 

simulator was easily accessible, and the midwives were instructed to 

train whenever time allowed during their working shifts according to 

self-guided practice.  

NeoNatalie Live is a novel simulator for neonatal resuscitation, co-

designed with clinicians from HLH (Figure 8). The simulator features 

four different patient cases based on 1,237 live neonatal resuscitations 

recorded at HLH (113). The manikin is substantially improved compared 

to the original manikin, NeoNatalie, previously used in the HBB 
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program. The manikin has a realistic appearance, e.g., variable lung 

compliance and dynamic heart rate that varies with lung aeration (114). 

The simulator provides training opportunities for individual skill-

training as well as scenario-based team training. 

Figure 8. The simulator, NeoNatalie Live, located at one of the delivery rooms at labour ward at 
Haydom Lutheran Hospital. The equipment used for training is the newborn simulator, Ipad, 
heart rate meter, suction device (penguin) for clearing airways and the upright bag for ventilation. 
(Photo: private)

Automated feedback, according to the action points of the HBB 

algorithm, is provided immediately following each session. There are 

eight possible feedback messages prioritized according to clinical 

relevance: missing head tilt, insufficient opening ventilations, paused 

ventilations, mask leak, too high ventilation pressure, and ventilation 

rate. After receiving the initial feedback, the learner is encouraged to try 

again and receives new feedback after the second attempt (Figure 9.) 

Sessions with no errors receives the feedback “Well done”. The Learner 

Guide used in the studies is available in Appendix 2.  
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Figure 9.  An example of feedback provided after second attempt in a training session with 
NeoNatalie Live (Photo: Laerdal Global Health). 

The simulator can be operated using an Ipad or manually through a 

display at the head of the manikin. When using the Ipad, various 

information regarding the training-session is automatically stored in a 

weblog and can be accessed for QI efforts (Figure 10). Stored 

information includes time and date, learner ID, and the full recording of 

the resuscitation. “Valid ventilations” is defined as ventilations with 

correct head tilt and ventilation peak inflation pressure but does not 

include ventilation rate and pauses in ventilations.  
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Figure 10. NeoNatalie Live: The newborn manikin communicates with the Ipad and wide-
ranging information from the training session is stored in a Web log (Photo: Laerdal Global 
Health).

4.4.2 Local champions facilitating SBT 

Following one year of self-guided individual skill-training using the 

novel manikin, the hospital management appointed four midwives as 

local champions to motivate for enhanced SBT effort at the labour ward. 

The local champions were junior midwives, carefully selected according 

to their personality traits: hard-working, inspiring, team builders and 

easy approachable, and their beneficial influence and accessibility at the 

ward. These midwives were responsible for encouraging their colleague 

midwives to train and for technical support to ensure an all-time 

functioning simulator. In addition to their motivating role, they were also 

responsible for scenario team-trainings at the ward. Preceding the 

appointment, the local champions received a Master Trainer Guide for 

the manikin (Appendix 3) and a Learner Trainer Guide (Appendix 2) for 

their colleagues. The local champions possessed a beneficial social 

position, competence in neonatal resuscitation and they were committed 

for the task, in line with recommendations from previous research 
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(115,116). They did not receive any remuneration for this specific 

assignment and did not possess other roles, apart from their clinical tasks, 

during the study period.   

Figure 11. Three out of four appointed local champions responsible for encouraging their 
colleagues for simulation-based training at labour ward in Haydom: Sabrina Sarangu, Paskalina 
Michael and Barikiel Hhando Hhoki. (Photo: private)

4.4.3 The Golden Minute Campaign 

After two years of high-frequent SBT, with more than 9,000 recorded 

trainings conducted and improved training- and clinical performance 

(Study I and Study II), HLH acknowledged the need for a more 

comprehensive QI strategy to reach their goal of reduced time from birth 

to first ventilation. The hospital decided on a goal of 70 percent of non-

breathing newborns receiving ventilation within the Golden Minute. 

Prior to the QI project, the local champions received a 4-day adopted EU 

SimLevel-1 Train-the-Trainer simulation course at SAFER, Norway 

(117). The local champions were appointed to take the lead in the QI 

project, with support from the management team. QI activities 

incorporated in the project are presented in Table 2, and included QI 



Methodology 

36 

meetings, scenario based SBT and individual SBT, in addition to action 

plans for necessary changes at the ward. One important aspect of the 

project was the use of clinical data-driven feedback. Clinical data was 

collected from all resuscitations and newborns at the hospital and 

presented to the healthcare workers at QI meetings, providing 

opportunities for informed changes through action points and scenario 

trainings. Action points agreed upon during the project included 

increased awareness of important aspects of neonatal resuscitation, 

increased preparedness for resuscitation, continuous training of new 

staff, and recording of resuscitations. It was also agreed that research 

assistants should inform the healthcare worker at 30 and 50 seconds after 

birth during a real-life resuscitation. 

The scenario team-trainings were conducted in-situ at labour ward. The 

sessions lasted for 1.5-2 hours and involved three midwives and at least 

one local champion. Initiating the training, a short briefing with 

information about the scenario and the learning objectives were 

provided. Learning objectives were e.g., equipment preparations before 

entering second stage of labor, adherence to the HBB action plan, closed-

loop communication between the team members, and assessment and 

decision-making concerning the need for BMV within 60 seconds after 

birth. The participants performance of the learning objectives was 

evaluated by the local champion and discussed in the debriefing 

following the training. The debriefing was carried out according to 

principles of psychological safety and focused on successes and areas of 

improvement recognized through the training (Study III).  
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Table 2. Overview of the QI activities, responsible and participants for the Golden Minute 

Campaign.  

QI= Quality Improvements, HBB=Helping Babies Breathe. The table is reprinted from 
Increase in newborns ventilated within the first minute of life and reduced mortality 
following clinical data-guided simulation training by Vadla MS et. al, Simulation in 
Healthcare (in review), 2023, under the terms of the Creative Commons Attribution IGO 
License (Study III).
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During the two-year post-intervention period, 01.09.19-31.08.21, the QI 

efforts were substantially scaled down; weekly reports concerning 

clinical outcomes continued, but there were no monthly meetings and 

decreased focus on SBT, both individual skill-training and scenario 

team-training. In the analyses, we divide the post-intervention period 

into two one-year periods to study time trends.   

4.5 Data collection 

For Study I, data were collected from the simulator, NeoNatalie Live, 

from the training sessions stored in the weblog. The weblog provided 

detailed information about each individual training session recorded 

between 1st September 2016 and 31st August 2018, aside from December 

2016 when the simulator was out of order.  

For Study II, data were collected from a comprehensive data collection 

form (Appendix 4) and from the Newborn Resuscitation Monitor 

(Laerdal Global Health, Stavanger, Norway), Figure 12. Trained 

research assistants, working in three shifts covering day and night at 

labour ward, observed and recorded information regarding labour and 

newborn characteristics, events and resuscitation interventions from all 

births throughout the study period. The research assistants did not have 

a medical education and have been conducting data collection for several 

previous studies at HLH, since 2009 (118). In addition, the Newborn 

Resuscitation Monitor collected data through sensors located between 

the ventilation bag and the facemask. The sensors synchronously 
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captured and recorded heart rate from ECG, as well as airway pressure, 

flow, volume, and expired CO2 during BMV (119). Data were collected 

from all neonatal resuscitations performed by healthcare personnel 

working in the labor ward, although most resuscitations (66-84%) were 

delivered by midwives, who were the target of the SBT intervention.  

Figure 12. The Newborn Resuscitation Monitor with sensors capturing and recording heart rate, 
airway pressure, flow, volume, and expired CO2 during bag-mask ventilation. Photo reprinted 
from Størdal K, Eilevstjønn J, Mduma E, Holte K, Thallinger M, Linde J, et al. Increased 
perinatal survival and improved ventilation skills over a five-year period: An observational study. 
PLOS ONE. 2020 Oct 12;15(10):e0240520 under the terms of the Creative Commons Attribution 
IGO License (119).  

For Study III, data were collected from the same data collection form 

used for Study II (Appendix 4).  

4.6 Data management and quality control 

According to the instructions for dataflow in the Safer Births project, a 

designated and trained data management team (Research Quality 

Controllers) handled data management at HLH. Data from the data 

collection form where double-entered using Epidata 3.1 by trained data 



Methodology 

40 

clerks and transferred to SPSS for statistical analysis. The internal 

principal investigator of Safer Births 2.0 was responsible for supervising 

the data collection and data management at HLH. All raw data resided at 

HLH, while de-identified copies were made available to researchers 

abroad. Data sharing were controlled by the Scientific Steering 

Committee to maintain full data integrity and privacy.  

4.7 Measures/variables 

During the studies conducted in the present thesis, measures of 

demographics, training frequency and performance, resuscitation 

characteristics, BMV characteristics and newborn outcome were taken. 

Detailed information regarding outcomes in the three individual studies 

is presented in Table 3.  
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Table 3. Participants, interventions, and outcome variables for the three studies comprising 
the thesis. 

Study I Study II Study III 
Time periods 01.09.16-

31.08.18 
01.09.15-
31.08.18 

01.10.17-
31.08.21 

Participants 
  Midwives + + + 
  All healthcare workers - - + 
  Mothers and newborns - + + 
Intervention Local 

champions 
Local champions Golden Minute 

Campaign 
Outcomes 

Training + - - 
  Training frequency + + + 
  Staff participation   + - - 
  Patient case + - - 
  Training performance 
  Valid ventilations  
  Ventilation rate 

+ 
+ 
+ 

- 
- 
- 

- 
- 
- 

Clinical performance 
  Bag-mask ventilation - + + 
  Stimulation - + + 
  Suction - + + 
  Time to ventilation - + + 
  % ventilated <60 seconds - + + 
  Midwives performing resuscitation - + + 
  Heart rate characteristics - + - 
  BMV characteristics - + - 

Newborn outcomes 
  APGAR 1 min. and 5 min. - + + 
  Fresh stillbirths - + + 
  30 min. perinatal mortality - + + 
  24 h. neonatal mortality - + + 
  Admitted neonatal care unit - + + 

BMV=bag-mask ventilation 

4.8 Statistical analysis 

Data analysis was performed by Matlab (MathWorks, Natick, MA) and 

SPSS (IBM Corp., Armonk, NY). Continuous data were presented by 

mean±SD or median (quartiles), as appropriate, and categorical data by 
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percentages (numbers), unless otherwise stated. For Study II and III, 

including multiple study periods, Kruskal Wallis and Mann-Whitney 

tests were used to test for differences over the periods in continuous 

variables. In Study III, run charts were used to assess the main outcome 

measures; newborns ventilated within the Golden Minute and time from 

birth to start ventilation over the study period with the median line for 

each study period. For categorical data the same approach was used, but 

then applying the Chi-squared or Fischer exact test as appropriate. In 

Study II and III, logistic regression was used to test for differences 

between the periods in proportions of fatale outcomes adjusted for risk 

factors. A significance level of 0.05 was used in all hypothesis tests.  

4.9 Ethical approval 

All studies in the thesis were part of the Safer Births and the Safer 

Births 2.0 project. Ethical approval was obtained from the National 

Institute for Medical Research (NIMR), Tanzania  

(Ref. NIMR/HQ/R.8a/Vol.IX/2877 and NIMR/HQ/R.8a/Vol.IX/3852) 

and the Regional Committee for Medical and Health Research Ethics in 

Western Norway (Ref.no. 2013/110 and 172126). All labouring women 

at HLH were informed about the Safer Births research, however, 

informed consent from the women was not required by the ethical 

committees due to the descriptive QI study design. For Study I, all 

relevant healthcare workers were informed about the study and oral 

consent was obtained. The participants received no compensation for 

participation in the study. 
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5 Summary of Results 

This thesis aimed at investigating the effects of several QI/SBT 

interventions using a novel simulator for neonatal resuscitation, on SBT 

performance, clinical practice, and perinatal outcome. The following 

section summarizes the findings of all three studies, while detailed 

results from each study are presented in the individual papers included 

in the thesis.   

Table 4. summarizes some important demographic variables for the total 

study period, 01.09.15-31.08.21, while comprehensive demographics are 

available in the publications included in the thesis.  

Table 4. Some demographic variables for mother and newborns from Haydom Lutheran 

Hospital for the time period 01.09.15-31.08.21. 

SBT= Simulation-based training, FHR = foetal heart rate 

01.09.15-
31.08.16 

01.09.16- 
30.09.17 

01.10.17-
31.08.18 

01.09.18- 
31.08.19 

01.09.19-
31.08.20 

01.09.20-
31.08.21 

Baseline SBT- 
Self-

guided 

SBT- 
Local 

Champions 

The 
Golden 
Minute 

Campaign 

Post-
intervention 

Post-
intervention 

Births, n 3,572 4,003 2,906 3,291 3,142 3,332 
Referrals, 
n (%) 

3.9 (140) 5.6 (226) 5.9 (171) 6.4 (210) 7.6 (240) 7.6 (253) 

Birth 
weight, 
g± SD 

3,302 
±524 

3,358 
±557 

3,335 
±551 

3,231 
±552 

3,173 
±533 

3,161 
±542 

Preterm, 
n (%) 

2.9 (103) 3.8 (151) 4.1 (118) 4.8 (158) 5.1 (160) 5.4 (181) 

Abnormal 
FHR 
during 
labor, 
n (%) 

5.3 (190) 7.3 (291) 8.7 (252) 5.3 (175) 4.0 (126) 2.9 (97) 

Multiples, 
n (%) 

4.0 (144) 3.9 (56) 3.4 (98) 4.6 (151) 4.4 (137) 5.1 (169) 
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5.1 Study I 

The aim of Study I was to describe changes in staff participation in SBT, 

training frequency, and simulated ventilation quality, before and after 

introduction of local champions to facilitate HBB training. In total, 27 

midwives (n=15-27) participated in the SBT interventions implemented 

during the study period (01.09.16-31.08.18). The number of individual 

SBT sessions increased from 688 sessions before to 8,451 after 

introduction of local champions in October 2017, (Table 5). Staff 

participation increased from 43% to 74% of the midwives (p=0.016). 

The quality of training performance, measured as “Well done” feedback, 

increased from 75% to 92% (p<0.001). Based on these results, we 

rejected our main null hypothesis of no difference in training frequency 

before and after appointment of local champions (p<0.001). 
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Table 5. Changes in mandatory learners, training frequency, participation, training 
performance, and selection of patient cases for simulation-based training using NeoNatalie 
Live, comparing the period before and after appointment of local champions (120).   

Period 1 
Individual 

SBT 
01.09.16-30.09.17 

Period 2 
Local 

champions 
01.10.17-31.08.18 

P-
value

Months, n 13 11 
Births, n 4,003 2,906 
Mandatory learners, n 15-18 18-27
  Median per month 
(quartiles)  

17.0 (15.0, 19.3) 27.0 (18.0, 27.0) <0.001a

Skill-trainings, n 688 8,451 
  Median per month 
(quartiles) 

39.5 (8.3, 87.0) 713.0 (173.0, 1,455.0) <0.001a 

Skill-trainings/midwife 
/month, n median 
(quartiles) 

2.3 (0.5, 5.0) 26.4 (6.4, 53.9) <0.001a 

Midwives training, % 
median (quartiles) 

43 (21, 60) 74 (41, 94) 0.016a 

Trainings “well done”, 
% median (quartiles) 

75 (66, 80) 92 (83, 95) <0.001a 

Valid ventilations, % 
median (quartiles) 

98 (87, 100) 100 (88, 100) <0.001a 

Ventilation rate, n 
median (quartiles) 

51 (45, 56) 51 (47, 54) 0.754a 

a Mann-Whitney U test, SBT=Simulation-based training 
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5.2 Study II 

The aim of Study II was to describe changes in clinical resuscitation 

practice and perinatal outcomes, before and after introduction of the 

novel newborn simulator and then local champions to facilitate in-situ 

SBT and scenario team-training for neonatal resuscitation. In total, 

10,672 births, live and stillbirths, were included in this study. Macerated 

stillbirths (n=191) were excluded before analysis. There were 12% 

missing registrations for the variable “cervical dilatation” and <0.1% for 

the remaining variables. The main findings are presented in Table 6.  

Midwives had practiced self-guided skill-training during the last seven 

days prior to a real neonatal resuscitation in 34% of cases during 

baseline, 30% in period 2 (self-guided SBT), and 71% in period 3 (local 

champions) (p<0.001). Most real resuscitations were provided by 

midwives, increasing from 66% in baseline, to 77% in period 2, and 

further to 84% in period 3 (p<0.001). Median time from birth to first 

ventilation decreased between baseline and period 3 from 118 (85-165) 

to 101 (72-150) seconds (p=0.018), and time-pauses during ventilation 

decreased from 28% to 16% (p<0.001). Ventilations initiated within the 

first minute did not change significantly (13%-16%). The proportion of 

high-risk deliveries increased during the study period, while perinatal 

mortality remained unchanged. Based on these results, we rejected our 

main null hypothesis of no change in time from birth to first ventilation 

before and after implementation of the present interventions (p=0.018). 
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Table 6. Resuscitation characteristics of newborns (n=10,481) and newborns receiving bag-
mask ventilations (n=816). 

Period 1 
Baseline 

01.09.15-
31.08.16 

Period 2 
Individual 

SBT 
01.09.16-
30.09.17 

Period 3 
Local 

champions 
01.10.17-
31.08.18 

P-
value

All live births 
(n=10,481) 
Months, n 12 13 11 
Births, n 3,572 4,003 2,906 
Perinatal mortality 
at 30 min, % (n) 

0.3 (9) 0.3 (13) 0.3 (10)  0.013a 

Stimulation, % (n) 31.0 (1,109) 27.6 (1,104) 34.4 (1,001) <0.001a 

Suction, % (n) 28.2 (1,009) 23.6 (943) 28.0 (815) <0.001a 

BMV, % (n) 7.0 (249) 8.0 (319) 8.5 (248) 0.056a 

Newborns receiving 
BMV (n=816) 
Midwife providing 
resuscitation, %  (n) 

66.3 (165) 77.1 (246) 83.5 (207) <0.001a 

Midwife trained with 
NeoNatalie last 7 
days, % (n) 

33.8 (54) 29.6 (72) 71.4 (147) <0.001a 

Time from birth to 
start BMV (seconds), 
median (quartiles) 

118 (85-165) 100 (74-160) 101 (72-150) 0.018b 

BMV initiated ≤60 
seconds, %, median 
(quartiles) 

13.3 (33) 13.2 (42) 15.7 (39) 0.633b 

Total BMV pausec, 
%, median (quartiles) 

27.9 (15.2, 44.8) 19.1 (8.2, 34.9) 15.7 (4.0, 31.2) <0.001b 

aChi-square test. bKruskal-Wallis test. cNumber of resuscitations recorded from the 
Newborn Resuscitation Monitor (n= 644). SBT= Simulation-based training, BMV= Bag-
mask ventilation 
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5.3 Study III 

The aim of Study III was to decrease time from birth to start of 

ventilation and document potential changes in perinatal outcomes after 

implementation of an HBB QI intervention. In total, 12,938 live and 

stillbirths, were included in this study. Macerated stillbirths (n=260) 

were excluded before analysis. There were 15% missing registrations for 

the variable “cervical dilatation”, 5% for “last foetal heart rate before 

delivery” and <0.1% for the remaining variables. The main findings are 

presented in Table 7.  

During the Golden Minute Campaign, 69% of the newborns were 

ventilated within 60 seconds after birth compared to 16% during baseline 

and 42% and 29% during the post-intervention years (p<0.001). Median 

time to first ventilation decreased from 101 (72-150) to 55 (45-67) 

seconds, before increasing to 67 (49-97) and 85 (57-133) seconds post-

intervention (p<0.001). More non-breathing newborns were ventilated in 

the intervention period (13%) compared to baseline (8.5%) and the post-

intervention period (10.6%-9.4%) (p<0.001). Midwives performed an 

increasing proportion of resuscitations (84%-93%-98%-97%) (p<0.001). 

For the non-breathing newborns receiving BMV, assumed fresh 

stillborns decreased significantly from baseline to intervention (3.2%-

0.7%) (p=0.013). Comparing the baseline period with the intervention 

period, a significant reduction in perinatal mortality, 12.6%-7.5%, 

(p=0.03) was found, but the change did not remain statistically 

significant after adjustment for source of admission, antenatal problem, 

premature/term, mode of delivery, and fetal heart rate during labor 
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(p=0.111). 

Based on these results, we rejected our main null hypothesis of no change 

in proportion of non-breathing newborns ventilated within the 60 

seconds after birth before and after implementing the Golden Minute 

Campaign (p<0.001). 
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Table 7. Resuscitation characteristics (n=12,678) and newborns receiving bag-mask 
ventilation (n= 1,320).

Period 1 
Baseline 

FST 
01.10.17-
31.08.18

Period 2 
Golden 
Minute 

Campaign 
01.09.18- 
31.08.19 

Period 3 
Post 

intervention 
01.09.19-
31.08.20

Period 4 
Post 

intervention 
01.09.20-
31.08.21 

P-
value

All live births 
(n=12,678) 
 Births, n 2,913 3,291 3,142 3,332 
Perinatal 
mortality at 30 
min, % (n) 

0.3 (10) 0.5 (17) 0.4 (11) 0.3 (11) 0.579a 

Stimulation, % 
(n) 

34.5 (1,104) 40.4 (1,328) 37.2 (1,169) 26.2 (873) <0.001a 

Suction 28.1 (818) 31.4 (1,033) 31.4 (988) 23.6 (785) <0.001a 

BMV, % (n) 8.5 (248) 12.9 (426) 10.6 (333) 9.4 (313) <0.001a 

Newborns 
receiving BMV 
(n=1,320) 
Midwife 
providing 
resuscitation, 
%  (n) 

83.5 (207) 92.7 (395) 98.2 (324) 97.1 (304) <0.001a 

HCW trained 
with 
NeoNatalie last 
7 days, % (n) 

64.7 (161) 44.6 (189) 6.7 (22) 5.8 (18) <0.001a 

Time from birth 
to start BMV 
(seconds),    
median 
(quartiles) 

101 (72-150) 55 (45-67) 67 (49-97) 85 (57-133) <0.001b 

 BMV initiated 
≤60 seconds, 
% (n) 

15.8 (39) 68.5 (292) 42.2 (137) 28.9 (88) <0.001a 

 Fresh stillbirth, 
  % (n) 

3.2 (8) 0.7 (3) 1.8 (6) 2.9 (9) 0.074a 

FSB/30min/24h-
mortality,c % (n) 

12.6 (31) 7.5 (32) 8.4 (28) 9.3 (29) 0.164a 

aChi-square test. bKruskal-Wallis test. cFresh Stillbirths, 30 min perinatal deaths and 24 
h neonatal deaths. FST= Frequent simulation training, BMV= Bag-mask ventilation, 
HCW= Healthcare worker, FSB= Fresh stillbirths  
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6 General discussion of the results 

This thesis demonstrates enhanced training performance (Study I), 

changes in clinical practice (Study II and Study III) and improved patient 

outcome (Study III) after implementation of different QI/SBT efforts in 

neonatal resuscitation, led by local champions. The results are also 

evaluated in accordance with the Kirkpatrick model on 

learning/simulation (Level 2), behaviour/clinical performance (Level 3) 

and results/patient outcome (Level 4). The results demonstrate 

improvements in accordance with the Kirkpatricks Model Level 2, 3 and 

4. Overall, it seems that more wide-ranging QI efforts were required to

improve the most challenging time-critical clinical procedures, like rapid

onset of BMV. The impressive increase in non-breathing newborns

ventilated within the Golden Minute, was first achieved after a

comprehensive QI/SBT project, the Golden Minute Campaign, which

included clinical data-driven feedback and data-guided SBT. Increased

use of stimulation and BMV was demonstrated after SBT led by local

champions (Study II), and further enhanced following the

implementation of the Golden Minute Campaign (Study III). Patient

outcome remained stable, despite a more vulnerable population during

Study II. However, improvement of perinatal mortality was achieved for

fresh stillbirths after the Golden Minute Campaign (Study III), possibly

due to earlier start of ventilation that likely improved outcome of the

most severely asphyxiated newborns, assumed to be fresh stillborns.
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6.1 Outcomes- simulation-based training, clinical performance, 

and perinatal mortality 

6.1.1 SBT outcomes- frequency, participation, and 
performance 

Previous studies have shown the need for refresher training to retain 

knowledge and skills after SBT in neonatal resuscitation 

(41,63,110,121,122). This thesis demonstrates the advantage of using 

local champions to lead SBT to achieve refresher training and engage 

most midwives in training (Study I). The results did not show increased 

use of the novel simulator compared to the original simulator prior to the 

appointment of local champions (Study II). The proportion of midwives 

trained using the original NeoNatalie did not change after the 

implementation of the novel simulator, Neo Natalie Live (Table 5). 

However, after the appointment of local champions, there was a 

substantial increase in training frequency and the midwives conducted 

nearly daily SBT, 26 trainings/month/midwife (Study I). During the 

Golden Minute Campaign, SBT frequency declined slightly when the 

hospital shifted the focus to a more comprehensive QI effort. Still, 45 

percent of the healthcare workers had trained the last 7 days prior to a 

real resuscitation (Study III). This number decreased to only 6.7 percent 

after the end of the campaign. The study demonstrates the challenge of 

maintaining SBT over time, even at a hospital which has emphasized 

SBT for a decade. It is likely that a minimum of QI efforts is necessary 

to accomplish longstanding change, even when implementing high-
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fidelity, user-friendly simulators. Training frequency was measured 

solemnly for midwives during Study II, but due to the QI/SBT 

intervention in Study III including a broader part of the healthcare staff 

these were also included in the analyses of training frequency for this 

study.  

Some of the major challenges for in-service SBT, are high staff-turnover 

and limited time for training (63). HLH experienced both obstacles, and 

the need for QI interventions targeting these aspects were crucial for 

success. During the study periods including local champions, either to 

encourage colleagues for SBT (Study I/II) or leading the Golden Minute 

Campaign (Study III), the ward experienced a high staff participation in 

the QI/SBT activities. Proportion of midwives participating in SBT 

increased after appointment of local champions from 43 to 75 percent 

(Study I), consequently, this enabled most providers opportunities for 

training. This seems to have improved guideline adherence as 

demonstrated by less monthly variation in time to ventilation and 

newborns ventilated within the first 60 seconds of life during the 

campaign compared to the post-intervention period when QI efforts were 

scaled down (Study III).  

The midwives experienced an increase in training performance from 75 

percent training sessions conducted without errors during self-guided 

SBT, to 92 percent following the profound rise in SBT frequency (Study 

I). There is scarce evidence regarding recommended SBT frequency 

(63,123). A single study indicates a frequency of 8 trainings per 3 months 
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to achieve effective simulated performance (124). It is of great 

importance to gain more knowledge regarding optimal SBT frequency, 

so that the valuable resources in healthcare can be utilized wisely. 

Trainings of short duration, with an easily accessible simulator featuring 

automated feedback, enables refresher training in settings with limited 

time and shortage of healthcare workers (110). The improvements of the 

novel simulator, especially the automated feedback, might have 

motivated the midwives for training in this study. A previous study 

showed that skill acquisition in cardiac compression training with 

automated feedback was not inferior when compared to a human 

instructor, and the majority of the participants found the automated 

simulator feedback more useful than the instructor feedback (125). A 

qualitative study could potentially have provided important insight 

regarding possible motivating factors for SBT using the novel simulator 

compared to the original version in this thesis. 

6.1.2 Clinical performance outcome 
Clinical performance improved following increased SBT frequency and 

even more so after the QI efforts conducted during the Golden Minute 

Campaign. One crucial, time-critical recommendation in the neonatal 

resuscitation guideline, is initiation of BMV within 60 seconds after 

birth. Even after conducting nearly 8,500 SBT sessions, and achieving 

reduction in time from birth to ventilation, only 16 percent of the non-

breathing newborns at HLH received BMV within the Golden Minute 

(Study II). Aiming at increasing this proportion to 70 percent, HLH 
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launched the Golden Minute Campaign and managed to increase this 

number to 69 percent (Study III). Several studies have reported 

difficulties in achieving guideline adherence at this crucial point (41,45–

47,70). The Golden Minute Campaign was a multifaceted QI 

intervention (Table 2), combining SBT, clinical debriefing and feedback 

of local clinical data discussed in QI meetings and guiding scenario 

team-trainings. The study was not designed to evaluate the separate QI 

efforts in the Golden Minute Campaign, but monthly data-guided 

scenario team-trainings, focusing on complete timelines from birth to 

start ventilation, might have been important in changing the clinical 

practice of timely BMV. Frequent HBB trainings prior to the Golden 

Minute Campaign were typically individual skill-trainings, starting with 

the newborn simulator on the resuscitation table, focusing on ventilation 

techniques. During the campaign, neonatal resuscitation scenarios were 

carefully adjusted to address identified quality gaps in clinical care and 

included the complete timeline from birth through BMV. After a near 

decade with no improvement in time from birth to start BMV, the 

midwives managed to halve this time in real situations and virtually 

reach their goal of 70 percent newborns ventilated within the Golden 

Minute. This is consistent with findings from studies of scenario team-

training in comparable time-critical procedures in emergency medicine 

(59,60).  

The QI efforts were substantially scaled down during the post-

intervention period, with consequently deterioration of the 

improvements in timely BMV. The monthly meetings were not 
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continued post-intervention, and it seems this QI effort was vital for 

achieving sustainable changes in clinical performance. The monthly 

meeting provided an arena for clinical staff, research assistants, and the 

management to meet and discuss the challenges of timely BMV. Support 

from leaders, and discussions of potential improvements in a 

psychologically safe learning environment, might have been necessary 

to maintain the improvements in clinical performance. The lack of 

qualitative data in the thesis, restricts the possibilities to explore this 

further, however other studies supports these assumptions 

(76,96,99,126,127).    

Non-breathing newborns receiving BMV increased steadily throughout 

the study period until the end of the Golden Minute Campaign when the 

trend was reversed. Still, more newborns received BMV post-

intervention compared to the period prior to implementation of 

NeoNatalie Live. Globally, 3-8 percent of newborns receive respiratory 

support, beyond drying and stimulation, during the first minutes of life 

(27–30). The BMV frequency at Haydom, after the QI interventions, was 

high, 13 percent, though comparable to similar resource settings 

(50,128). The reasons for the increase might be due to a more vulnerable 

newborn population during Study II, combined with possible increased 

confidence of midwives following high-frequent SBT. Again, the more 

comprehensive approach during the Golden Minute Campaign seems to 

have impacted clinical behaviour more than merely focus on SBT, with 

a rise from 8.5 to 13 percent newborns receiving BMV. During the 

Golden Minute Campaign (Study III), the newborns had lower 
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birthweights, but the proportion of preterms was stable, and we observed 

an increase in normal foetal heart rate during labor, compared to the 

previous years. This might indicate other explanations for the increase in 

BMV during this study period than a vulnerable patient population and 

could possibly be due to increased focus and confidence in BMV among 

healthcare workers. In general, the proportion of non-breathing 

newborns who would benefit from BMV is probably unknown and varies 

across settings, depending on maternal and newborn vulnerability and 

obstetric and newborn care (129). Therefore, it is challenging to evaluate 

if the observed frequency of BMV in this thesis is appropriate and to 

compare it with other settings. All newborns in this thesis being 

ventilated were observed by the trained research assistants as “not 

breathing” before initiation of BMV, thus limiting the possibility of the 

increased BMV frequency being due to altered indication for BMV after 

intervention.  

To provide sufficient oxygenation of the non-breathing newborn, 

continuous ventilations are recommended (130). NeoNatalie Live 

provides feedback on this action point in the HBB algorithm, and the 

thesis demonstrates reduction in ventilation pauses after high-frequent 

SBT (Study II). It is likely that frequent training with focus on 

continuous ventilations have improved this skill.  

The simulator is proven comparable to real-life resuscitations, thus 

providing realistic training opportunities for correct BMV, including 

skills like reduced mask leak and tidal volume (114). However, the thesis 
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shows a reduction in expired tidal volume and minute volume, and a 

trend of increased mask leak despite high-frequent BMV skill training 

(Study II) (129). During this study period, the newborn population was 

more vulnerable, with more preterms and more foetuses with abnormal 

heart rate during labour, making it more challenging to provide sufficient 

minute volume during BMV. The decreased static lung compliance also 

indicates more vulnerable newborns with stiffer lungs in this study 

population. To establish functional residual capacity in stiff lungs may 

be difficult, and possibly explains the trend towards more mask leak in 

the first minute of BMV (131).    

Neonatal resuscitation guidelines no longer recommend suction of 

airways that are not blocked by secretion (130,132). In this thesis, use of 

suction increased in all study periods, apart from the period of self-

guided SBT. The simulator does not provide feedback regarding this step 

in the resuscitation algorithm; therefore, reduction of unnecessary 

suctioning was not anticipated after the SBT intervention. During the 

Golden Minute Campaign, focus was directed at timely BMV, thus the 

increase in use of suction in real resuscitations might not have been 

addressed. It is known that there is a risk of singular focus during QI 

interventions, where aspects of healthcare not included in the 

intervention is neglected, thus imposing a risk of worsened patient care 

(99). Several studies report reduction in unnecessary suctioning 

following implementation of HBB training (47,50,133). A review of the 

harms and benefits regarding suctioning of clear amniotic fluid at birth 

concluded that there were no benefits of this practice, however the risk 
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of adverse outcome was more uncertain (132). If possible, QI efforts in 

neonatal resuscitation, should have a broad focus to improve guideline 

adherence in a wider sense.  

In general, the thesis demonstrates a successful translation of knowledge 

and skills from SBT to clinical pratice. Previous individual studies differ 

regarding accomplishments of this crucial translation, and a systematic 

review of implementation of HBB training concluded that impact on 

provider practices varied largely (29,30,41,63,134). The thesis confirms 

previous research regarding the need for refresher training, but also 

highlights the potential of data-guided scenario-team trainings and SBT 

as part of more comprehensive QI efforts to achieve improvements of 

time-critical clinical procedures. This is consistent with the concept 

“translational simulation” by prof. Brazil, where healthcare simulation is 

focused directly on improving patient care, offering a functional 

alignment with QI efforts in healthcare institutions, while covering 

educational interventions targeting practice behaviour and/or patient 

outcomes (55).  

6.1.3 Perinatal outcome 
Perinatal outcome was assessed over a six-year period in this thesis, 

following varying QI/SBT interventions aiming at improving clinical 

performance and ultimately perinatal outcome (Study II and III). For all 

births, perinatal mortality remained stable throughout the study period 3-

5/1000. Regarding the study population, there were trends of increasing 

proportion of mothers admitted from health centres and preterm 
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newborns during the study period. Abnormal FHR during labor 

increased during Study II but decreased to baseline level and below 

during Study III. There are several causes of perinatal mortality, apart 

from birth asphyxia, and multiple factors affecting this outcome. Thus, 

the vulnerability of the patient population varied throughout the present 

studies, introducing potential confounding factors, challenging the 

interpretation of the results regarding perinatal mortality.  

Interestingly, FSB in the group of newborns receiving BMV decreased 

from 3.2 percent to 0.7 percent during the Golden Minute Campaign 

(Study III). A reduction in FSB would be anticipated, due to the 

increased number of non-breathing newborns ventilated within 60 

seconds after birth. The reasoning for rapid onset of bag-mask ventilation 

of non-breathing newborns is the known pathophysiological mechanisms 

for birth asphyxia (135,136). A newborn with primary apnoea responds 

well to initial resuscitation steps, such as stimulation, and will initiate 

spontaneous respiration in the majority of the cases (27). When the 

newborn enters secondary apnoea, it requires artificial ventilation to gain 

spontaneous respiration (27,136). A previous study found the risk for 

death or prolonged admission increasing by 16 percent for every 30 

seconds delay in initiating BMV (27). Perinatal death, following 

intrapartum hypoxia, and FSB is probably part of the same circulatory 

end-process (23). Distinguishing FSB from severely asphyxiated 

newborns is known to be clinically difficult (13,23). Neonatal 

resuscitation training has been demonstrated to reduce this 

misclassification by increasing the likelihood of healthcare workers to 
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initiate BMV of non-breathing newborns assumed to be fresh stillborn 

(24,29,30,50). The reduction in FSB shown in the present study, 

indicates the potential of timely BMV for improved outcome for this 

patient group. Due to the challenges of misclassification, a previous 

paper recommends combining FSB and live birth/neonatal death 

outcome for the least biased description of a trial outcome (16). In Study 

III, there was significant reduction from baseline to intervention for a 

combined measure of FSB and 30 min perinatal/24 h neonatal deaths 

from 12.6 to 7.5 percent (p-value=0.03). However, the result did not 

remain significant after adjusting for relevant confounders.  

6.2 Potential success factors – Local champions and 
Audit & Feedback 

6.2.1 Local champions 
This thesis highlights the advantage of using local champions when 

implementing QI efforts in neonatal resuscitation. Their motivating roles 

seemed to increase SBT frequency and staff participation (Study I and 

II), and they most likely affected the success of the multifaceted QI/SBT-

intervention, the Golden Minute Campaign (Study III). The benefits of 

using local champions when implementing various innovations in 

healthcare is well-known (82–84,137,138). Strategies for selection of 

local champions varies and clear evidence of the most effectful strategy 

is lacking (82,115). A combination of champion commitment, including 
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allocated time and dedication, champions previous experience with the 

innovation and role, and self-efficacy influence champion performance 

and ultimately the campions` impact (116). Post-intervention, we 

observed a slight decline of the improvements in clinical practice of 

timely BMV (Study III). During this period, the QI interventions were 

scaled down and less focus were directed at SBT among the staff and the 

local champions. The local champions did not receive any financial 

remuneration for their task, and one can speculate whether it is necessary 

to provide more time and resources to this crucial role to achieve 

sustained quality improvements over time.  

6.2.2 Audit & Feedback- Clinical Performance-Fit model 
The present thesis demonstrates improvements in clinical performance 

and perinatal outcome, following a QI/SBT intervention, including audit 

and feedback interventions. A&F is considered an essential tool in QI 

and has received increased focus as high-quality data is increasingly used 

to identify quality gaps in healthcare and guide improvement approaches 

(79–81). A Cochrane review indicates that feedback could be more 

effective when baseline performance is low, the source is a 

supervisor/colleague, feedback is provided more than once, is delivered 

in both verbal and written formats, and includes both explicit targets and 

an action plan (97). The Golden Minute Campaign met all these 

recommendations regarding feedback features, and this will be further 

outlined in the following section when discussing the A&F components 

of the intervention related to CP-FIT.  
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CP-FIT, described in chapter 3.2.1, will serve as the theoretical 

framework for the following discussion of the feedback component of 

the QI/SBT intervention. Variables concerning the feedback (goal 

setting, data collection and analysis, feedback display and delivery), 

recipients (behavioural response) and context (organisation/team 

characteristics, co-Interventions, and implementation process) presented 

in CP-FIT (Figure 5), will be discussed in relation to the design of the 

Golden Minute Campaign (99).  

Overall, the A&F component of the Golden Minute Campaign was 

conducted according to most of the recommendations of CP-FIT 

comprising a successful feedback cycle. This strengthens the assumption 

that this QI/SBT intervention affected the documented improvements of 

clinical performance in neonatal resuscitation and patient outcome.  

Regarding the feedback variables, goal setting was prominent in the 

Golden Minute Campaign and was nearly reached during the study 

period. The goal of timelier BMV was important due to its evidence-

based effect on perinatal mortality; it represented good clinical practice 

and addressed a perceived quality problem at the ward in line with the 

recommendations of CP-FIT. Further, the data collection for A&F was 

performed by research assistants and the analysis conducted by the 

research department. CP-FIT states that data should not be collected by 

participants, due to increased resource demands and complexity of the 

intervention. However, data collection performed by research assistants 

24/7 is undeniably resource demanding, and a limitation in the 
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generalisation of this QI intervention compared to automatically 

collected feedback. The positive effects of this method are the accuracy 

and the relevance of the data, that might improve the recipients trust in 

the clinical feedback. The inability for participants to exclude patients 

deemed unsuitable from the data collection is in general known to lower 

the acceptance of the intervention. In the present study this is less 

relevant, because all the non-breathing newborns included in the clinical 

data feedback would benefit from timelier BMV.  

CP-FIT advocates for few numbers of feedback metrics to decrease 

complexity of the intervention. In the Golden Minute Campaign, 

feedback was displayed at the monthly meeting as only one metric: time 

to BMV. However, several metrics were provided on the weekly 

meetings, including information of patient outcome of non-breathing 

newborns during the last week. Feedback on performance level and 

trends are recommended in both the Cochrane review and the CP-FIT 

model (97,99). Proportion of newborns receiving BMV was tracked 

throughout the QI intervention period, and thus both level and trend of 

performance was provided, but not at an individual level. Feedback was 

also given immediately after resuscitation to the individual healthcare 

worker, in addition to the weekly and monthly QI meetings, which is 

close in time to the performance, as advised by the CP-FIT model. 

Feedback on individual performance is thought to increase feedback 

specificity and enhance the participants chances of changing behaviour. 

The present intervention provided feedback both at the individual and 

group level, facilitating increased teamwork and social influence. 



General discussion of the results 

65 

Feedback was delivered actively, both verbally, during QI meetings, and 

in writing through a What`s App group and at the notification board in 

the ward. The delivery of feedback in the intervention was in line with 

the CP-FIT model recommendations.  

The recipient variable evaluated in QI/SBT intervention, behavioural 

response, was directed at the individual patient level and the 

organisational level. The healthcare workers were able to communicate 

structural challenges at the ward directly to their leaders, thus facilitating 

organisational changes as to further enhance individual clinical 

performance. It also guided scenario team-training related to gaps in 

clinical performance. Scenario trainings provided opportunities for 

teamwork as a response to the clinical feedback provided at the QI 

meeting. The intra-organisational network, through the What’s App 

group, the scenario trainings, and the leadership support, through their 

participation at the monthly meetings, might have contributed to the 

success of the intervention. 

Regarding context variables, the positive effect of local champions 

leading QI interventions is well-documented and consistent with CP-FIT 

and the Cochrane review (82,83,85). The local champions in the present 

study, led the simulation-training as well as the QI/SBT intervention and 

their role has been discussed previously (6.2.1). High staff turnover is a 

challenge at the labour ward at HLH, and in general thought to be a 

challenge for feedback interventions. To meet this challenge, new staff 

was trained in HBB, and the high frequency of meeting ensured 
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enrolment of new staff into the QI project. This might have limited the 

negative impact of high staff turnover and contributed to the reduced 

variance in clinical performance. An organisational challenge of the 

Golden Minute Campaign was the complex clinical task the midwives 

are facing when conducting labours and resuscitations at their ward. This 

task extended beyond the feedback intervention of timely BMV and thus 

decreased the resource match to engage with and respond to the changes 

required by the feedback intervention, as highlighted in the model. 

Further, The Golden Minute Campaign included several co-

interventions: problem solving, action planning and peer discussions to 

act on the clinical feedback to improve clinical performance, as 

recommended by CP-FIT and the Cochrane review (97,99). The CP-FIT 

model also highlights external change agents to positively influence all 

feedback intervention processes by providing an additional resource to 

increase resource match. Adding external agents might have further 

increased the effect of the present feedback intervention. 

Regarding the implementation process and resources, the feedback 

intervention was developed for the local context and tailored to ongoing 

routines, e.g., research assistants already observing all births. Thus, extra 

costs related to data collection were minimal, only requiring extra 

expenses for the specific analysis and feedback display for the Golden 

Minute Campaign. The monthly meetings, however, did require human 

resources outside working hours, representing a challenge of 

maintenance of the intervention. 
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Discussion of the healthcare workers characteristics, and some of the 

features of the discussed variables e.g., the recipients’ perception of 

whether the function of the feedback intervention was to punish or 

support them, would have required studies targeting healthcare workers 

beliefs and perspectives of the intervention and is therefore un-known in 

this quantitative thesis. 

The assessment of the Golden Minute Campaign in regards of the CP-

FIT recommendations, shows consistency with the model and 

strengthens the assumption that the Golden Minute Campaign was 

associated with the demonstrated improvements of clinical resuscitation 

performance and perinatal outcome at HLH. 
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7 Discussion of the Methodology 

7.1 General consideration 

All the included studies in the present thesis are quantitative, prospective 

observational pre/post studies. The studies investigated labour 

characteristics, resuscitation performance and perinatal outcomes over 

several years, before and after the implementation of QI/SBT 

interventions. This thesis investigated potential associations between the 

exposure, QI/SBT, and several outcomes: SBT frequency/performance, 

clinical performance, and perinatal mortality. The chosen design enables 

investigations of complex interventions implemented in a clinical 

environment. The strengths and limitations of the study design will be 

discussed in the following section.  

For some research questions, like assessing the efficacy of medical 

treatments, randomized controlled trials (RCT) are favourable due to the 

advantages of controlling confounders and biases (139). However, 

RCT`s are not well suited for investigating more multifaceted 

interventions in complex healthcare systems and in these studies 

observational pre/post design possess some benefits (139,140). 

Moreover, observational studies are relatively less expensive and easy to 

undertake and can be performed when RCT`s would be considered 

unethical or impracticable to conduct (139). Among observational 

studies, cohort studies provide a higher level of evidence of causality 

than e.g., case-control studies because temporality is preserved (139). 

According to the Hill`s criteria for causation, the time of exposure must 
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occur prior to the outcome in order to claim causality, and the 

temporality is highly agreed upon among epidemiologists as necessary 

for causation (141). Observational pre/post design also have the 

advantage of opportunities for investigating multiple exposures and 

outcomes as done in the present studies (139,142). 

If the design should follow a conventional RCT design, a control group 

receiving no intervention, or a different intervention, would be needed 

(143). In this thesis, the aim of improving quality of care for newborns 

through a QI project, would deny the control group of newborns quality 

practice, which would be considered unethical. In addition, the hospital 

was a rural referral hospital with only one labour ward including 

approximately 20 midwives. This restricted the opportunities for a 

control group of midwives receiving no intervention or a different 

intervention than the intervention group. Keeping track of which arm 

each birth should be assigned to would be difficult since in real-life 

clinical practice, several midwives participate in many of the labours. It 

would be possible to choose a multicentred design and compare a labour 

ward without interventions with the labour ward at HLH. However, there 

would be challenges of standardising the groups because of the many 

varying factors between hospitals and labor wards in regards of 

resources, previous QI/SBT efforts etc., thus requiring randomization of 

several labour wards at different hospitals for comparison. 
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7.2 Confounding 

Confounding refers to the mixing of effects when investigating potential 

causation between an exposure and an outcome, leading to erroneous 

results (144). To be considered a confounder, a variable need to be 

associated with the exposure and influence the outcome. In addition, the 

variable should not be an intermediate variable in the causal pathway 

between exposure and outcome (144).  

Several potential confounders needed to be considered when 

investigating the outcomes in the present thesis. The staff turnover, 

where experienced midwives left the hospital and newly educated 

midwives started, could have affected the clinical performance and the 

perinatal outcome. Still, the QI/SBT intervention focused on enrolment 

of new staff in training and the results show limited variation in clinical 

performance through the Golden Minute Campaign (Study III). There 

were no other training interventions for neonatal resuscitation during the 

study period that could have affected the increase in training 

performance. The outcomes measured for training performance and 

clinical performance were very specific and unlikely affected by other 

factors then the study intervention. Other interventions targeting 

perinatal care could have affected the patient outcome, but to our 

knowledge, no such interventions were implemented during the study 

period. Risk adjustments for potential confounders were carried out 

when analysing changes in perinatal mortality. This reduced the risk of 

erroneous conclusions but did not eliminate the risk confounders. It is 
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possible that confounders existed that we were not aware of, which might 

have influenced the outcomes.  

7.3 Biases 

Bias is defined as “a systematic error introduced into sampling or testing 

by selecting or encouraging one outcome or answer over others” (145). 

Biases can cause under-estimation or over-estimation of the true effect 

and can vary in magnitude (146). Bias is a threat to the validity of a study 

and includes different subgroups e.g., selection bias, recall bias, 

observational bias and publication bias (147).  

In the first two studies, Study I and Study II, all midwives at labour ward 

were included in the studies. Even so, it was not mandatory to conduct 

SBT, and there is a risk of selection bias in the participation in training 

for these two studies. If, supposedly, only the midwives most interested 

or skilled in neonatal resuscitation participated, this could influence the 

results. During the intervention period of these studies, 75% of the 

midwives at the ward participated in SBT monthly, thus indicating that 

most midwives participated and diminishing the risk of selection bias.  

In the third study, all healthcare workers at labour ward were eligible for 

participating in the Golden Minute Campaign. The QI activities were not 

mandatory, and we cannot know with certainty that all healthcare 

workers participated at the QI meetings or the scenario team-trainings. 

However, the training and the meetings were organized to facilitate 

participation and we have reason to believe that most healthcare workers 

participated. The outcomes measured were clinical performance of all 
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healthcare workers at the ward, regardless of participation at the QI 

activities, and perinatal outcomes from all live births and stillbirths. The 

proportion of missing data were <0.1% for most variables. Thus, there is 

no reason to suspect selection bias of the observed births taking place at 

the hospital. Still, only 50% of labouring women give birth at HLH, 

introducing a risk of selection bias for the overall patient population in 

the catchment area (111).  

The data collection form (Study II/III) contains some questions for the 

mother concerning information about past events e.g., antenatal care, 

antenatal problems, and level of education. Apart from these questions 

in the data collection form, all data gathered for the analyses are 

objective data collected by the simulator, trained research assistants and 

the Newborn Resuscitation Monitor. Collecting information 

retrospectively, poses the risk of recall bias or responder bias, due to 

differences in the accuracy of the memories recalled by study 

participants regarding events or experiences from the past (148,149). 

This recall bias can be unintentionally, caused by poor memory, or 

intentionally, due to participants reluctance to provide the required 

information or intentional providing incorrect information (150). Most 

of the questions posed to the mothers in this study relates to recent events 

from the last nine months, and mainly asks for objective information like 

number of pregnancies, children, or mothers age, reducing the risk of 

recall bias. The information collected in this thesis is not particularly 

sensitive and not assumed at risk for intentional recall bias. Importantly, 

it is unlikely that the information provided by the population of mothers 
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before the implementation of the interventions, are less accurate than the 

information from the mothers provided during or after the intervention. 

Therefore, the information collected in this thesis is not assumed at risk 

for intentional recall bias. 

Hawthorne effect is described as a change in behaviour of the study 

participants in experimental or observational studies (151). This was 

relevant for this thesis (Study II/III) as the healthcare workers were 

observed and measured in their clinical performance in neonatal 

resuscitation. The Hawthorne effect could influence the healthcare 

workers performance in a positive manner, generating better clinical 

outcomes. However, HLH has been conducting clinical research, 

including observation of all births, since 2010. Thus, the healthcare 

workers were accustomed to being observed for many years prior to the 

data collection in the present thesis, reducing the risk of Hawthorne 

effect considerably.  

In research there is a risk of the response or measured value differing 

from the real value. Measurement error or misclassification may result 

from disregard by the researcher or from poor quality of measuring or 

survey instruments (152). With continuous variables there is a risk of 

measurement errors resulting from e.g., not calibrated measuring 

equipment and for categorical variables there is a risk of 

misclassification (152). There are several survey instruments in the 

present study e.g., FHR detectors (Moyo/Pinard stethoscope), blood 

pressure monitors and the Newborn Resuscitation Monitor. HLH has 
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reliable routines for maintenance of the technical equipment with support 

from Laerdal Medical and all devices were validated by either clinicians 

or the research department. To our knowledge there is no reason to 

suspect measurement errors caused by poor quality of survey instruments 

in the present thesis. To avoid measurement errors from self-reported 

surveys, the collection of data using the data observation form (Appendix 

4) was undertaken by trained research assistants. These research

assistants were not healthcare workers and did not have any other role at

the hospital apart from this task.

Regarding misclassification, there are concerns regarding the accuracy 

of APGAR scoring of newborns (153). In this study we have several 

variables for evaluation of perinatal outcome besides APGAR score, e.g., 

FHR, admission to Neonatal Care Unit and mortality, overall increasing 

the chances of correct assessment of the newborn. Classification of FSB 

can be challenging, due to difficulties in clinically distinguish a true FSB 

from severely asphyxiated newborns (136). This may lead to more 

newborns classified as FSB, when they should be classified as live born. 

Throughout the study period, midwives at HLH were equipped with 

either the Newborn Resuscitation Monitor or the NeoBeat (154) to 

measure heart rate of the newborns, though the use of these devices for 

classification of stillbirth during the study period is uncertain. If used 

thoroughly, this would reduce the risk of misclassification. Due to the 

challenges of misclassification of stillbirth, we also included an outcome 

combining FSB and early neonatal mortality. Overall, we do not consider 
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measurement errors or misclassification a major threat to internal 

validity in the present thesis.  

Publication bias refers to the fact that researchers and trial sponsors may 

be unwilling to publish unfavourable results, thus, positive results are 

more likely to be submitted for publication than negative results (149). 

In the present thesis all findings, positive and negative, were included in 

the results and published.  

7.4 Strengths, limitations, and generalizability 

One important strength of all the studies included in the thesis is the high 

number of observations. For Study I, a major strength is the high number 

of trainings, over 9 000 sessions, analysed based on the automated and 

continuous measures of simulated ventilation quality recorded from each 

training session. For both Study II and Study III, the large population 

size is considered a great strength, as well as the rigorous data 

management system and comprehensive data collection form presenting 

detailed information on resuscitation practice and patient outcome. For 

Study II these data were combined with physiological data during the 

first minutes of life providing unique information. Study III provided 

information from a two-year follow-up period, enabling the gain of 

knowledge on the sustainability of the improvements post-intervention.  

The main limitation of all the included studies is the non-randomized, 

single-center design. This restricts the possibilities of claiming causation 

between the intervention and the demonstrated improvements of 
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outcomes. A limitation of Study I is the new evaluation method of 

ventilation quality using data from the simulator in contrast to the 

frequently used OSCE score, making this indicator less comparable to 

previous studies. For study III the multi-faceted QI/SBT intervention 

constrains the opportunities of analysing the separate QI activities and 

their individual effect on the outcomes. Additionally, qualitative data 

regarding midwives' and local champions' perceptions and experiences 

of the SBT would have contributed to illuminating the results in this 

thesis. 

In terms of generalizability, HBB and the NeoNatalie Live simulator is 

a low-cost program and hence possible to implement in other resource-

limited settings (155). High-income settings might require additional 

training on more advanced interventions for neonatal resuscitation, but 

the implementation strategy of using local champions (Study I/II/III) and 

the data-guided QI activities (Study III) is considered generalisable 

(129). HLH has emphasized individual SBT for a decade, therefore the 

management and staff are used to such learning methods, and this might 

have impacted their effective adoption of the SBT intervention. Labor 

wards with less experience with SBT practice might achieve other results 

or may need more time to achieve similar results (129).  

7.5 Ethical issues 

All the studies in the thesis were approved by the National Institute for 

Medical Research (NIMR) and Ministry of Health in Tanzania 

(NIMR/HQ/R.8a/Vol.IX/3852) and by the Regional Committee for 
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Medical and Health Research Ethics, Western Norway (Ref. 

2013/110/REK and 172126). All relevant health care workers were 

informed about the different quality assessment studies and oral consent 

was obtained. Patients were also informed about ongoing studies; 

however, consent for these descriptive studies was not considered 

necessary by the ethical committees due to the descriptive QI study 

design.   

The World Medical Association (WMA) Declaration of Helsinki 

provides ethical principles for medical research involving human subject 

(156). The document has been regularly amended since the first version 

in 1964 and is currently under revision (156). All the studies in the thesis 

were conducted according to the ethical principles of this declaration.  

Declaration of Helsinki states that all vulnerable groups and individuals 

participating in research should receive specifically considered 

protection (156). The International Ethical Guidelines for Biomedical 

Research Involving Human Subjects states that “vulnerable persons are 

those who are relatively (or absolutely) incapable of protecting their own 

interests” (157). The study population in this project was highly 

vulnerable. This project aimed to investigate the impact of a QI/SBT 

intervention in neonatal resuscitation, thus it was necessary to include 

vulnerable subjects to obtain the most relevant and solid results. The 

intervention had no previously known potential of imposing harm on the 

newborns or the mothers; on the contrary, increased training in neonatal 

resuscitation was expected to improve care. The guidelines highlight the 
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importance of research projects to make developed products reasonably 

available for the low-resource country that hosts the project (157). 

NeoNatalie Live was developed in close cooperation with healthcare 

workers at HLH and is offered to a not-for profit price for low-resource 

countries, to meet this ethical standard (158). The guidelines, consistent 

with guidelines from the Norwegian National Committee for Medical 

and Health Research Ethics (159), also states that projects should assist 

in building local research capacity, which has been a fundamental 

principle for the Safer Births study since the initiation of the project (43). 

7.6 The role of sponsors and funding agencies 

The studies in the thesis were funded by the University of Stavanger, the 

Global Health and Vaccines Research (GLOBVAC) program at the 

Research Council of Norway, Saving Lives at Birth Grand Challenges, 

and the Laerdal Foundation. The development of NeoNatalie Live 

received funding from Innovation Norway, the Research Council of 

Norway and Skattefunn. The study was performed using simulation 

equipment provided by Laerdal Global Health. The funders had no role 

in the design of the study; in the collection, analyses, or interpretation of 

data; in the writing of the manuscript, or in the decision to publish the 

results. 
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8 Conclusion 

The overall aim of the thesis was to investigate the effects of different 

QI/SBT interventions using a novel simulator for neonatal resuscitation, 

on SBT performance, clinical performance, and perinatal outcome. The 

thesis demonstrates improvements of outcomes corresponding with 

Kirkpatrick level 2 (learning), 3 (behaviour) and 4 (results). Most 

importantly, median time from birth to ventilation decreased by 46 

seconds, and the proportion of non-breathing newborns ventilated within 

the Golden Minute increased from 16 to 69 percent. Subsequently, FSB 

in the group of newborns receiving BMV, decreased from 3.2 to 0.7 

percent. It seems that a comprehensive QI approach, i.e., the Golden 

Minute Campaign, was necessary to achieve improvement in the 

complex, time-critical clinical procedure, of timely BMV. Providing 

feedback of clinical data for discussions at QI meetings and to guide 

scenario team-trainings appears to be effective in changing clinical 

performance. Local champions increased training frequency and staff 

participation dramatically, with over 9,000 trainings conducted, and they 

most likely played a crucial role in leading the Golden Minute Campaign. 

The gained knowledge from this thesis could be utilized by other 

healthcare facilities when implementing SBT for improved neonatal 

resuscitation.     
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8.1 Future perspectives 

8.1.1 Implication for practice 
The QI/SBT interventions in the present thesis, have been demonstrated 

to have a positive impact on skills, clinical resuscitation performance and 

perinatal survival. Especially the use of local champions when 

implementing QI/SBT interventions, and the use of clinical data-guided 

feedback, both for SBT scenario team-trainings and QI meetings, should 

be considered when planning QI efforts for improved neonatal 

resuscitation in different settings. These interventions can be 

implemented as part of the work towards reaching SDG 3.2 and 

hopefully more lives can be saved. 

8.1.2 Future studies 
There is a need for studies applying a mixed-method design to explore 

the beliefs and the underlying reasons for the observed changes in 

clinical performance following similar QI/SBT interventions. There is 

also a need for knowledge regarding the optimal training frequency to 

achieve sustained improvements in neonatal resuscitation and regarding 

the success factors and barriers to optimize the use of local champions. 

QI interventions in healthcare are often, intentionally, multifaceted, 

however studies exploring the effect of separate QI activities could be 

valuable to gain more knowledge on the best QI approach for improved 

care of non-breathing newborns. When feasible, randomized, multi-

centred studies of similar QI/SBT interventions would enable stronger 

evidence for potential causation. Finally, follow-up studies of the 
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resuscitated newborns should be conducted to gain insight regarding the 

long-term consequences for the patients.    
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Appendix 1 

The Neonatal Resuscitation Algorithm 

Figure reprinted from Resuscitation. 2020 Nov 1;156:A156–87, Wyckoff MH, Wyllie J, Aziz K, de Almeida MF, Fabres JW, 
Fawke J, et al.  2020 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science 
With Treatment Recommendations, Copyright (2020) with permission from Elsevier.  



1
Place the manikin on the resuscitation table and 
put on the green heart rate sensor

2

3

4

Activate the screen

Select your name from the list and the level 
you want to train

Read the introduction and start ventilations

Start ventilation

Look for chest rise and observe heart rate on 
the heart rate monitor

Adjust ventilation technique if needed

The screen shows how long time you have been 
ventilating

Ventilate until the manikin starts crying

Recieve feedback on ventilation time and how 
to improve your ventilations

A good advice is to repeat the same level at 
least one more time

Ventilation Skill Training
How to use manikin and screen 
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Appendix 2 Learner Guide (reprinted with permission from Laerdal Global Health)



Newborn Resuscitation
How to ventilate newborn babies 

Ventilate until 
baby is breathing

Start ventilations
within 1 minute 

after birth

Follow the HBB action plan

Give 40-60 ventilations per minute
- Open airways
- Good mask seal

Look for chest rise
- Chest rise indicates that the baby gets air into the lungs
- Adjust ventilation technique if you don’t see chest rise

Some babies need higher pressure initially for the lungs to open
Give a few ventilations with increased pressure

Observe heart rate
- Low heart rate indicates that the baby has had too little oxygen
- Decreasing heart rate indicates that the baby does not get enough
air into the lungs

- Increasing heart rate indicates that the baby gets air into the lungs

Keep focus on ventilations
- The baby may need ventilations for a while to start breathing
- Avoid any unnecessary pauses



Newborn Ventilation Trainer
Master Trainer Guide

Appendix 3 Master Trainer Guide (reprinted with permission from Laerdal Global Health



To Master Trainers at Haydom Lutheran Hospital,

Congratulations with the Newborn Ventilation Trainer, a result of the close collaboration 
between midwives, doctors, researchers and product developers in Tanzania and Norway in the 
Safer Births project. 

Focus in the newborn ventilation training is quick initiation of ventilations, continuous ventilation 
and effective ventilations. 

We hope master trainers and midwives enjoy the product and that everybody becomes more 
proficent with repeated training.

Good luck!

Ingunn Anda Haug and Øystein Gomo
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Screen
The screen is used to register
training, select training level and give 
feedback. The screen is fixed to the 
trolley.

Manikin
Manikin for ventilation training. To be 
used with bag/mask and heart rate 
sensor.

Trolley
Trolley for storage of training equipment. 
Power cable and manikin charge cable 
are attached to the trolley.

Hat, blanket and cord
Hat, blanket and cord for scenario 
training.

Learners Guide
Simple introduction to midwives about 
how to perform Ventilation Skill Training.

Discussion cards
Discussion points related to newborn 
resuscitation. The cards can be used 
in group discussions guided by Master 
Trainers or other skilled staff.

Master Trainer Guide (this folder)
Information to Master Trainers about 
how to prepare the equipment and 
perform ventilation training
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Where and when to train
The Newborn Ventilation Trainer should be used in the delivery rooms together with the 
Laerdal Newborn Resuscitation Monitor.

Learners should be encouraged to practice often. After each training the learners will 
receive feedback from the screen on how to improve. A good advice is to repeat the 
same training level at least one more time.

Registration of training
The screen is used to guide and to register all training sessions. Learners will have to be 
registered by Master Trainers in the learner list before first training.

Training results are sent to a training log. The training log can be viewed from a pc or the 
screen (password needed):

https://researchsandboxapp.azurewebsites.net/

Master Trainers can use this log to follow up the training activities and invite midwives to 
regular training.

How to train
The Newborn Ventilation Trainer can be used in two different ways:
• Ventilation Skill Training (individual training - without Master Trainer)
• Ventilation Scenario Training (team training - led by Master Trainer)
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Ventilation Skill Training
Focus in Ventilation Skill Training is to practice doing good and continuous 
ventilations.

Skill training is for individual learners and can be performed without a 
master trainer. 
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Ventilation ScenarioTraining
Ventilation Scenario Training means to practice the whole sequence from 
the baby is born until it is breathing. Focus areas are The Golden Minute 
and good and continuous ventilations.

In Scenario Training several learners can practice together. A good advice 
is to work together as you would during real resuscitations.

Scenario Training is led by a master trainer.



Startup and Charging
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Press and hold button 
on upper right corner 
to turn the screen on

Swipe finger to unlock 
the screen

Touch          to start 
Newborn Ventilation Training

To charge the screen, plug the power cable to the wall 
outlet.

Screen



Startup and Charging
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Manikin

Press and hold      to turn on 
the manikin.

If no light appears, the manikin 
must be charged.

The manikin will turn off
automatically when it has not 
been used for a while.

To charge the manikin, plug in the 
black manikin charge cable under 
the ear.

Plug the white power cable 
attached to the trolley to the wall 
outlet.

Steady light = fully charged and power on

Blinking light = charging

No light = power off or charging needed



Registration of Learners
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The Ventilation Skill Training startup screen shows a list of registered learners. Learners 
will have to be registered by a master trainer before their first training.

Select “Edit learner list”

You can now add, remove or 
correct names in the learner list

Touch the menu icon
in the upper left corner



Registration of Learners
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Touch      in front of the 
name you want to edit

Select “Edit” to correct spelling

Select “Delete”to remove the 
name from the list

Select “Add learner”
to include a new learner in 
the list

To go back to the startup 
screen, touch the menu icon in 
the upper left corner
and select “Skill Training” or 
"Scenario Training"



How the Manikin works

12

Ventilations
The manikin represents a newborn baby who is not breathing. 
The learners’ task is to ventilate continuously until the baby is breathing.

To get air into the lungs, you have to
• open the airways by tilting the head backwards
• make sure you have a good mask seal



How the Manikin works

13

Manikins’ response to ventilations
• You will see chest rise when the manikin gets air into the lungs

• The heart rate will increase with good ventilations and decrease with lack of good
ventilations. When the green heart rate sensor is placed on the manikin, the heart
rate will be displayed on the monitor on the wall.

Low heart rate means that the baby has been without oxygen  
for a while. This may require longer ventilation time. The heart rate will increase 
with good ventilations.

• The manikin will start crying after sufficient time of good ventilations. The crying
indicates that the baby is breathing.

Simulation of different patient conditions
Babies who are not breathing may have normal or low heart rate and it may be easy 
or difficult to get air into the lungs.  To simulate this, the manikin has 4 different starting 
conditions (Training levels).
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The Newborn Ventilation Trainer has four different training levels. The main learning 
objective for all levels is to ventilate continuously until the baby is breatning. 

• Ventilation technique
- 40-60 ventilations per minute
- Head tilt and mask seal needed to get air into the lungs
- Chest rise indicates that the air enters the lungs

• Relationship between heart rate and ventilations
- Heart rate will increase with good and continuous ventilations
- Heart rate will decrease with lack of good and continuous ventilations

Training level 1 to 4 have different heart and lung settings, and represents different patient 
conditions:

Level 1 represents a baby with initial good heart rate and lungs that are easy to ventilate. 
Learners should start with this level for basic ventilation training.

Level 2 represents a baby with initial low heart rate. The learners will see that the heart 
rate increases with good and continuous ventilations.
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Level 3 represents a baby with initial stiff lungs.  The learners have to give some 
ventilations with higher pressure to open the lungs.

Level 4 represents a baby with both initial low hear rate and stiff lungs. The learners have 
to give some ventilations with higher pressure to open the lungs. When the lungs are 
open, the learners will see that the heart rate increases with good and continuous 
ventilations.

This will be one of the 4 levels above. The learner will not get any information about the 
patient condition before start.



How to do Ventilation Skill Training

16

2

Place the manikin on the 
resuscitation table and put 
on the green heart rate 
sensor

Activate the screen

Select your name from 
the list and the level you 
want to train

Read the introduction 
and start ventilations

1
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4

3
Start ventilation

Look for chest rise and 
observe heart rate on the 
heart rate monitor

Adjust ventilation technique if 
needed

The screen shows how long 
time you have been
ventilating

Ventilate until the
manikin starts crying

Recieve feedback on
ventilation time and how to 
improve your ventilations

A good advice is to repeat 
the same level at least one 
more time
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1 - Preparations
Prepare manikin and resuscitation table
• Attach cord to manikin
• Place manikin in delivery bed
• Make sure needed equipment is available

on resuscitation table

Prepare screen
• Select Scenario Training from the menu
• Select participants from the learner list
• Select training level

2 - Introduction
Brief participants on how to do scenario training
• We want to do this simulation as realistic as

possible - work together as we do with real babies
• Time aspect is important - do all tasks as we would

with real babies

Introduce scenario to participants
• Baby is not breathing after delivery
• Follow HBB action plan
• Start ventilations within 1 minute
• Ventilate until baby is breathing
• Observe heart rate during ventilation

Discuss roles and resopnsibilities with participants
• Who will keep track of time?
• Who will be responsible for ventilating the baby?
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3 - Scenario
• Press "Baby is born" to start scenario
• Observe participants and log tasks

on the screen

4 - Discussion 
The discussion is an important part of the scenario training. Encourage participants 
to talk and share their experiences.

• What happened?
• What worked well?
• How did we work together?
• What can be improved?

A good advice is to repeat the scenario at least one more time after the discussion.
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Form Safer Births_1 – v11July_2018  

ONE FORM FOR EACH DELIVERY TO BE FILLED IN AT HLH 

Study Station 2 HLH 

Mother Hospital ID (HLH) 
New-born ID (HLH) 
If Multiplies (twins and more) New-born number (write 8 if single birth) 

Mother's age (in complete years) Years 

Gravida 
Marital status 1Married  2Single 3Cohabiting 4Not 

specified     

Maternal education 1No formal education 2Primary  

3 Secondary 4 College and above 

Number of children Born alive  Born dead 

Antenatal care attendance 1 YES     2 NO    

Antenatal problem 1 YES     2 NO    

Source of admission 1 Referral: __________________________ 

2 Home   3 Maternity home (waiting area) 

:  Hours since start of labour 

DURING ADMISSION Date:  (ddmmyy) Time :

Number of Fetus  number of foetuses  

Gestational age 1 Term  2 Pre-term    WEEKS 

Fetal Heart Rate (FHR) on admission 1 Normal (120-160 BPM) 

2 Abnormal; Confirmed   1 YES   2 NO 

3 Not detectable        9 Not measured 

Cervical dilatation (on admission)  CM        9 Not measured 

Presentation 1Cephalic 2 Breech 3 Others 

(specify)___________ 

Device used to monitor FHR during 
labour 

1 Pinard Intermittent 2 Doppler 

intermittent   
3 Moyo strap on; 5 Moyo intermittent 

number of Moyo (device) 4 NA 

RANDOMISATION 
1 Upright 

2 Standard  4Upright with PEEP 3 NA 

Appendix 4 Safer Births Data Collection Form
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LABOUR/DELIVERY INFORMATION 
Maternal fever 1 YES  2 NO 

Maternal Infection (more than 1 is 
possible) 
1. Lower Reproductive tract

2. UTI

3. malaria

4. PMTCT 1

5. Others; mention _____________

 1 YES   2 NO 

 1 YES   2 NO 

 1 YES   2 NO 

 1 YES   2 NO 

 1 YES   2 NO 

Equipment checked 1 YES  2 NO  

Delivery kit present 1 YES  2 NO  

Resuscitation kit present 1 YES  2 NO  

Bag mask present 1YES   2 NO  

Fetal heart rate  
(Every 30 minutes in 1. Stage and 

every 15 minutes in 2. Stage)  

1 Normal (120-160 BPM)   

2 Abnormal: Time :

3 Not detectable         9 Not measured 

Device mostly used for taking FHR 1Pinard  2 Doppler  3 None 4 Moyo 

If abnormal; what rate 
Confirmed with Moyo 

 BPM (if with Moyo skip next question) 

1 YES  2 NO           BPM 

Time :

Those in Pinard with abnormal FHR, 
was Moyo strap on? 
Time of strap on Moyo (following 
abnormal FHR) 

1 Yes 2 No (If No Skip next question) 

Time :

If abnormal FHR, What was done? 
(more than 1 is possible) 
1. Stop oxytocin

2. change mother's position

3. IV fluid given

4. Oxygen given

5. Others (Specify)................................ 

 1 YES    2 NO 

 1 YES    2 NO 

 1 YES    2 NO 

 1 YES    2 NO 

 1 YES    2 NO 

Duration of labour 
1st. Stage 

2nd. stage 

:  hrs: min 

:  hrs: min 
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3rd. Stage :  hrs: min 

Last FHR measurement/reading 
before delivery  

BPM; Time :

 Not measured (skip to the next question) 

Confirmed Moyo  1 YES  2 NO 

Compared with Maternal HR 1 YES  2 NO 

Amniotic Fluid colour 1 Clear 2 Slight Meconium 

3 Thick Meconium  4 Blood stained 

Labour complications 
• Obstructed labor

• Uterine rupture

• Pre-Eclampsia

• Eclampsia

• Cord Prolapse

• Bleeding/Placenta Praevia

• Shoulder dystocia

 1 YES   2 NO 

 1 YES   2 NO 

 1 YES   2 NO 

 1 YES   2 NO 

 1 YES   2 NO 

 1 YES   2 NO 

 1 YES   2 NO 

Date of delivery DAY   MONTH  YEAR 

Time of delivery  HOURS 

Mode of delivery (If 1,3,4 or 5 skip to 

HCW attending delivery) 
1 VD (SVD) 

2 CS  3 VD (ABD)  4 VD (Vacuum) 

5 Others; mention  

Category of CS 1 Emergency CS  2 Elective CS  

If CS; what indication  1 Obstructed labour  2 Fetal distress   

 3 Previous CS           4 Mal-presentation 

 5 Prolonged labor     6 Others; 

mention________ 

HCW attending the delivery 1 Midwife  2 Ward attendant  5 Doctor     

3 Student   4 Clinical officer  6 None 



Form Safer Births_1 – v11July_2018 

NEONATAL INFORMATION 
Birth weight GRAM 

Sex of new-born 1 MALE     2 FEMALE  3 Ambiguous 

Time intervals (for HLH) 

   birth – breathing 

   birth - cord clump 

   birth- use of heart rate buckle 

SEC (skip if resuscitation is needed) 

 SEC 

 SEC  (skip if not used) 

Name of NRM monitor ______________________ 
Apgar score (range 0-10)  1 MIN    5 MIN 

RESUSCITATION ATTEMPTED 1 YES; Fill in this section 2 NO; go to next section 

Use of Newborn Resuscitation Monitor 

(NRM) 

1 YES         2 NO        3 NA 

If Yes; name of monitor ______________________ 

If No; mention reason ________________________ 

Stimulation 

Suction 

Bag mask ventilation 

Device used for bag mask ventilation 

1 YES         2 NO   

1 YES; by use of Penguin 3 YES; not Penguin      

2 NO 

1 YES         2 NO 

1 Upright bag  2 Standard bag 

3 Upright with PEEP bag          

Time intervals 
  birth - breathing or ventilation 

  ventilation - breathing or death 
SEC   1 Breathing   2 Ventilation  

SEC   1 Breathing   2 Death 

3 Mechanical ventilation 

Did the attending HCW/midwife call for 

help to resuscitate? 

Who provided resuscitation 

 1 YES          2 NO 

1 Midwife      2 Operating Nurse     

3 Clinical Officer     4 Doctor       

5 Other;  __________________   6 AMO 

Last Resuscitation training attended? MONTH  YEAR   2 Never Attended   

3. Not Sure

Ever practiced with NeoNatalie in past 

7 days? 

1 YES   2 NO 



Form Safer Births_1 – v11July_2018 

NEONATAL OUTCOME 
within 30 min 

1 NORMAL 

2 Admitted neonatal unit 

(room 20) 

3 Death 

4 Stillbirth (fresh)  5 Stillbirth (macerated) 

(If 3,4, or 5 skip neonatal outcome) 

Neonatal outcome at 24 hours 

postpartum /at discharge  

_________ hours postpartum 

1 NORMAL           

2 Still in neonatal unit 

3 Death      6 Seizures 

Neonatal outcome of admitted baby 
at ________ days (max 7 days) 

1 NORMAL  2 Still in neonatal unit    

3 Death      6 Seizures   

Maternal outcome 
- Complications

• PPH

• Perinea tear (3rd degree and above)

• Cervical tear

• Retained placenta

• Others specify ---------------------

Status at 24hours 

 1 YES    2 NO 

 1 YES    2 NO 

 1 YES    2 NO 

 1 YES    2 NO 

 1 YES    2 NO 

1Alive         2 Near miss (If mother has 

succumbed complications and then has not died)   

3 Dead  

Consent; To be obtained by midwife 

or research nurse. 
Pinard intermittent/ Moyo strap on 

1 YES 2 NO 3 NA  (fill “NA”) 
Upright with PEEP/upright no  PEEP 

1 YES  2 NO 3 NA 

Observer’s initials ___________________________ 
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Abstract: Globally, intrapartum-related complications account for approximately 2 million perinatal
deaths annually. Adequate skills in neonatal resuscitation are required to reduce perinatal mortality.
NeoNatalie Live is a newborn simulator providing immediate feedback, originally designed to
accomplish Helping Babies Breathe training in low-resource settings. The objectives of this study
were to describe changes in staff participation, skill-training frequency, and simulated ventilation
quality before and after the introduction of “local motivators” in a rural Tanzanian hospital with
4000–5000 deliveries annually. Midwives (n = 15–27) were encouraged to perform in situ low-dose
high-frequency simulation skill-training using NeoNatalie Live from September 2016 through to
August 2018. Frequency and quality of trainings were automatically recorded in the simulator. The
number of skill-trainings increased from 688 (12 months) to 8451 (11 months) after the introduction
of local motivators in October 2017. Staff participation increased from 43% to 74% of the midwives.
The quality of training performance, measured as “well done” feedback, increased from 75% to 91%.
We conclude that training frequency, participation, and performance increased after introduction of
dedicated motivators. In addition, the immediate constructive feedback features of the simulator
may have influenced motivation and training quality performance.

Keywords: neonatal resuscitation; simulation-based training; self-regulatory; Helping Babies Breathe
second edition; feedback; implementation; motivators; training performance; ventilation quality;
skill-training

1. Introduction

Despite a global reduction in under-five child mortality over the past several decades,
around 5.9 million children under five years die annually, with 2.7 million of these deaths
occurring during the neonatal period [1]. Early neonatal mortality, i.e., deaths within the
first seven days of life, constitutes 73% of neonatal deaths [2]. Intrapartum-related events,
previously known as “birth asphyxia”, accounts for around 0.7 million of these cases, and
approximately 1.3 million fresh stillbirths [3,4]. Many of these fresh stillbirths may be
misclassified [3]. Therefore, in order to reduce perinatal mortality (i.e., fresh stillbirths and
early neonatal deaths) it is crucial that health care providers possess adequate skills in
neonatal resuscitation [5].
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Simulation-based training in neonatal resuscitation is reported to be highly effective re-
gardless of outcome variables, level of learner, and specific tasks being trained [6]. Another
meta-analysis presents several features that are associated with increased effectiveness of
high-fidelity simulators, such as provision of feedback, curriculum integration, range of
difficulty level, repetitive practice, and individualized learning [7]. Barriers to simulation-
based skill-training are typically high staff turnover and limited time to focus on training
and practice [8]. However, it is also evident that a decline in knowledge and skills over
time can be prevented by low-dose high-frequency refresher trainings, on-the-job practice,
or similar interventions [8].

Helping Babies Breathe (HBB) is a simulation-based program for birth attendants in
low-resource settings with the aim of improving skills in neonatal resuscitation. A low-cost
NeoNatalie Newborn Simulator was developed (Laerdal Medical, Stavanger, Norway)
to facilitate HBB skill-trainings [9]. The HBB First Edition was introduced in 2010 and is
currently implemented in more than 80 low-income countries [10,11]. Several systematic
reviews show convincing results regarding training performance, clinical practice, and re-
duced perinatal mortality following implementation of HBB [8,12–14]. However, midwives
in rural Tanzania (i.e., Haydom Lutheran Hospital) have revealed that anxiety and fear of
ventilating a non-breathing baby often led to poor resuscitation performance [15]. These
midwives did not experience training with the original simulator, NeoNatalie, as sufficient
to be optimally prepared for actual resuscitations, due to a lack of “sense of urgency” and
missing responses from the simulator during training.

In 2016, the Second Edition of HBB was launched with an increased focus on qual-
ity improvement efforts and implementation strategies, including establishment of local
facilitators to improve skills retention [10,11]. At the same time, a new, improved simula-
tor, NeoNatalie Live (Laerdal Medical), was developed, featuring different patient cases,
integrating HBB action points and scenario training, and automated responses from the
simulator, including immediate feedback to the learners [16].

One recent multi-center observational study from Nepal has evaluated changes in
practice following introduction of HBB Second Edition training and reported earlier initia-
tion of neonatal ventilation after birth [17]. However, there are no studies evaluating the
potential impact of the more advanced simulator, NeoNatalie Live, on training frequency
and quality. Additionally, in previous studies, introduction of traditional HBB master
trainers or instructors have been the case, but in line with the increased focus on quality
improvement efforts in the Second Edition of HBB, we introduced a new role, “local HBB
motivators”, to enhance the implementation process.

Implementation of the HBB Second Edition and NeoNatalie Live started in September
2016 at Haydom Lutheran Hospital. The objectives of the present study were to describe
changes in staff participation in simulation skill-trainings, training frequency, and simulated
ventilation quality over time, before and after the introduction of local motivators to
facilitate HBB training from October 2017.

2. Materials and Methods

This is a prospective observational study at Haydom Lutheran Hospital in rural
Tanzania from 1 September 2016 to 31 August 2018.

2.1. Study Setting

Haydom is a first referral hospital in rural Tanzania with 4000–5000 deliveries each
year. The catchment area is approximately 2 million people. The hospital provides com-
prehensive emergency obstetric and basic emergency newborn care on a 24/7 basis [18].
Midwives largely conduct deliveries and neonatal resuscitation when indicated [19]. The
labor ward holds six delivery beds and one operating theatre for caesarean sections.

HBB First Edition was introduced at Haydom in 2010. In 2013, the Safer Births project
began, aiming to further improve HBB training and perinatal care [20]. In September
2016, the HBB Second Edition and NeoNatalie Live was introduced. All midwives were
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mandated to practice bag-mask ventilation on a weekly basis in addition to an annual
one-day HBB course. An overview of simulation-based training at Haydom, prior to and
throughout this study period, is presented in Figure 1.
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Figure 1. Simulation-based training at Haydom Lutheran Hospital 2010–2018. HBB; Helping Babies
Breathe, LDHF; low-dose high frequency training. “Local motivators” were dedicated midwives
tasked to facilitate and motivate for on-site LDHF training, following the HBB Second Edition.

2.2. NeoNatalie Live—Newborn Resuscitation Simulator

NeoNatalie Live is a substantially improved newborn resuscitation simulator, com-
pared to the original NeoNatalie [16]. The manikin has a variable lung compliance, enables
realistic bag-mask ventilation training, and has a dynamic heart rate that varies with lung
aeration [21]. In total, four different patient cases, based on 1237 live resuscitations recorded
at Haydom, can be trained [19]. The first patient case simulates a newborn with normal
heart rate and normal lung compliance, while patient case four, the most complicated
case, simulates low heart rate and stiffer lungs, representing water-filled or low compliant
lungs. The simulator is operated by a tablet app where the learner registers and selects
patient case (Figure 2). The training sessions last from 30 s to two minutes, depending on
patient case and resuscitation/ventilation quality. After sufficient time with good quality
ventilations, the mannequin starts crying, and the app provides automated feedback. The
feedback suggests how to improve ventilation quality and encourages a new training
attempt. The presented feedback is prioritized after the following list based on HBB; miss-
ing head tilt, insufficient opening ventilations, paused ventilations, mask leak, too high
ventilation pressure, and ventilation rate. In sessions with several errors, only the most
critical feedback is given. If the training scenario is repeated and the error is corrected,
positive feedback is provided, followed by a new improvement advise. The feedback
“well done” is provided when the learner conducts the training without any mistakes. The
training session, including time and date, learner, and the full recording of the resuscitation
is automatically up-loaded to and stored in a web log (Figure 2). “Valid ventilations” is
defined as ventilations with correct head tilt and ventilation peak inflation pressure. This
parameter does not include ventilation rate and pauses in ventilations. The percentage of
“valid ventilations” is automatically calculated and presented in the web log.
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Both individual skill-training and scenario team training can be undertaken using the
simulator. Only skill-trainings are included in this study.

2.3. Implementation of NeoNatalie Live and HBB Second Edition

Haydom implemented HBB Second Edition and NeoNatalie Live in their labor ward,
September 2016, to enhance ongoing simulation training (Figure 1). Their main focuses
were to reduce time to start ventilation and improve time of applied continuous ventilation
and utilization of heart rate as an indicator of ventilation quality. During the first phase
of the implementation, 1 September 2016–30 September 2017, the mannequin was used
exclusively for individual skill-training according to self-regulatory practice.

Initiating the second implementation phase, 1 October 2017–31 August 2018, the
hospital management appointed four dedicated midwives to facilitate and motivate for
training. These midwives, named “local motivators”, were responsible for encouraging
midwives to train and for technical support to ensure an all-time functioning simulator. The
local motivators were junior midwives, carefully selected according to their engagement in
the ward. They were tasked to arrange scenario team-training and encourage the midwives
to conduct self-regulated skill-training whenever time allowed. Initially, the motivators
informed the midwives about potential benefits of simulation-based training in terms
of increased confidence and improved skills in neonatal resuscitation. Thereafter, they
reminded the midwives about training and answered questions on a daily basis. In addition,
the group of midwives were divided in two teams, with two local motivators responsible
for following up the training in each team. To increase motivation and training frequency,
they arranged five informal competitions during the study period where participants on
the winning team received a bottle of Coke.

Regular skill-trainings were strongly recommended, but there were no specific rewards
or negative consequences following the actual training participation or frequency for each
midwife. The hospital management received monthly training-reports from the NeoNatalie
Live data weblog, presenting training frequency and performance for the ward and the
individual participants. All midwives registered on the NeoNatalie Live app using their
true name, even though this was not mandatory.

2.4. Study Participants

The study was conducted in a low-resourced clinical setting with a high turnover of
midwives due to new government employment opportunities every midyear, leading to
experienced midwives leaving the hospital and newly educated midwives starting at the
end of each year. In total, 20 midwives participated from the beginning of the study, one
midwife was enrolled in the study from 1 October 2017, and an additional nine midwives
from 1 January 2018. During the study period, three midwives dropped out of the study
from 1 January 2017, and two midwives were absent for a period of three months, 1 January
2017–31 March 2017. Consequently, the number of participants varied throughout the study
period (September–December 2016; n = 20, January–April 2017; n = 15, May–September
2017; n = 17, October–December 2017; n = 18 and January–August 2018; n = 27). All
midwives at the labor ward, and the neonatal unit from January 2018, were eligible for
the study. All gave consent for participation in the study. This was not an obligation to
participate in training. The participants were labeled “mandatory learners” in the period
they were eligible (employed).

2.5. Data Collection

Data from all skill-training sessions were stored in the web log, providing detailed
information about each training session registered between 1 September 2016–31 August
2018, except for December 2016, when the mannequin was out of order. The outcomes
were participation of midwives, frequency of training, chosen patient case, percentage of
trainings with feedback “well done”, valid ventilations, and ventilation rate.
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2.6. Statistics

Data were analyzed using SPSS version 26. Data were summarized by medians
and quartiles. Non-parametric tests were used to compare the variables before and after
appointment of motivators. A significance level of 0.05 was used in all hypothesis tests.
Figures were produced in Excel.

3. Results
3.1. Participation and Frequency of Trainings Per Midwife

In total, 30 midwives participated in this study. The number of trainings per included
midwife through the study period and the time-period where they were classified as
“mandatory learner”, varied among the midwives (Figure 3). For example, midwife number
3 completed 817 trainings and was employed at the labor ward for eight months during
the study period.
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Figure 3. Descriptive data of training frequency for each midwife and duration of time classified as
mandatory learner. The X-axis shows the individual midwives participating in the study, numbered
from 1–30. The left Y-axis shows the number of trainings per midwife during their period as
mandatory learner, illustrated by the blue frequency line. The midwifes are sorted according to
this frequency.

The right Y-axis shows the number of months each midwife participated in the study,
categorized as a mandatory learner, illustrated by the orange columns.

3.2. Training-Frequency, Participation and Ventilation Quality

Figure 4 describes the number of skill-trainings, median number of skill-trainings per
midwife, percentage of midwives training, and percentages of training sessions receiving
the feedback “well done” from September 2016 through August 2018. Local motivators
were appointed in October 2017, illustrated by the red vertical line.

The total number of skill-trainings increased from 688 during the 12 months with
an operative mannequin before October 2017 to 8451 during the 11 months after the
introduction of motivators in October 2017. There was a steep incline in number of skill-
trainings from November 2017, with a marked decline in April 2018. The percentage of
midwives conducting self-regulated trainings increased to almost 100% after introduction
of local motivators, remained above 80% until April 2018, and decreased to 20% in July
2018. After November 2017, more than 90% of trainings were classified as “well-done”. All
indicators appear to increase in August 2018 following a dip in July 2018.
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Figure 4. Timelines for number of skill-trainings, median number of skill-trainings per midwife,
percentage of midwives participating in training and percentage of sessions receiving feedback
“well done”.

Table 1 compares changes in number of mandatory learners (i.e., employed midwives),
frequency of skill-trainings, participation of midwives (i.e., midwives undergoing training),
performance of the trainings, and how often each patient case were selected, before and
after appointment of motivators.

The median number of mandatory learners and skill-trainings per month were sub-
stantially higher after October 2017 and appointment of local motivators. The number
of monthly trainings per midwife increased from median 2.3 to 26.4 and the percentage
of mandatory learners (midwives) undertaking training increased from median 43% to
74%. Training performance improved from median 75% to 91% classified as “well done”,
and the percentage of valid ventilations increased from 98% to 100%. The results show no
significant differences in ventilation rate and selection of patient cases between the two
time periods.
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Table 1. Changes in mandatory learners, training frequency, participation, training performance and
selection of patient cases for simulation-based skill-training using NeoNatalie Live, comparing the
period before and after appointment of local motivators.

Before (1 September 2016–
30 September 2017)

After (1 October 2017–
31 August 2018) p-Value

Mandatory learners, n 15–18 18–27
Median per month (quartiles) 17.0 (15.0, 19.3) 27.0 (18.0, 27.0) <0.001 †

Skill-trainings, n 688 8451
<0.001 †

Median per month (quartiles) 39.5 (8.3, 87.0) 713 (173, 1455)

Skill-trainings/midwife/month, n
Median (quartiles) 2.3 (0.5, 5.0) 26.4 (6.4, 53.9) <0.001 †

Midwives training, %
Median (quartiles) 43 (21, 60) 74 (41, 94) 0.016 †

Training performance
Trainings “well done”, %

Median (quartiles) 75 (66, 80) 92 (83, 95) <0.001 †

Valid ventilations, %
Median (quartiles) 98 (87, 100) 100 (88, 100) <0.001 †

Ventilation rate, n
Median (quartiles) 51 (45, 56) 51 (47, 54) 0.754 †

Selected patient cases, n (%)
Patient case 1 194 (28.2) 2154 (25.5)

0.131 ‡
Patient case 2 134 (19.5) 1924 (22.8)
Patient case 3 147 (21.4) 1881 (22.3)
Patient case 4 142 (20.7) 1760 (20.8)

Random patient case 71 (10.3) 732 (8.7)
† Mann–Whitney U test, ‡ Chi-squared test.

4. Discussion

This study indicates that it is possible to establish and maintain a culture of frequent
in situ trainings in a hospital with limited resources, high turnover of midwives, and a
low midwife-to-delivery ratio. The majority of midwives conducted self-regulated brief
skill-trainings, using the NeoNatalie Live simulator, almost every day after appointment of
local motivators. The number of simulation-based skill-trainings increased profoundly, and
the percentage of newborn resuscitation simulations classified as “well-done” improved to
and stabilized above 90%.

No other relevant interventions or changes regarding neonatal resuscitation training
was implemented at the hospital during the study period.

4.1. Local Motivators and Training Frequency

The role of the local motivators in our study differs from more traditional master
trainers or simulation facilitators who usually instruct in skill-training or facilitate team-
simulations and debriefings. Our local motivators mainly motivated for training and
provided technical maintenance of the mannequin. The latter is important in order to
facilitate ongoing training [22], and preceding October 2017, the simulator was out of order
for one month due to technical issues. This new “motivator” role has not been studied
before in relation to newborn resuscitation training, as far as the authors are aware.

Since 2011, Haydom has simulated low-dose high-frequency simulation-based HBB
training to enhance newborn resuscitation care and specifically reduce challenges related to
high staff turnover [18]. This study complements previous studies from Haydom demon-
strating that high training frequency and participation (i.e., large proportion of midwives)
are possible, even in a setting with low midwife-to-delivery ratio, high staff turnover, and
limited resources [18,19]. These findings are contrary to previous literature stating all these
aspects as barriers to training [8]. The present study indicates that the dedicated motivators
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managed to further increase training participation and frequency. Interestingly, the number
of trainings and midwives conducting trainings declined markedly in the period with
high turnover (April–July). The drop can also be a consequence of more focus towards
scenario-based simulation training in the ward, conducted without the mannequin and
thus not recorded in the data collection. All these circumstances may partly explain the
decreased number of individual skill training between April–July 2018.

Other possible drivers for increased training, may be the strong management support
and their acknowledgement of the motivators [22]. In addition, the midwives knew that
the management could follow their participation and training frequency. Furthermore, it
is likely that the long-lasting focus on HBB simulation-based training, placement of the
simulator readily in the labor ward, and the short duration of the different patient cases
(only a few minutes) contributed to the high training frequency, consistent with previous
studies [23]. The improvement of resuscitation and ventilation skills following low-dose
high frequency training is in line with other studies [18,19].

4.2. Features of the Simulator, NeoNatalie Live

Even though training frequency increased significantly after the introduction of mo-
tivators, still, 686 trainings were conducted during the first 12 months of the study. We
speculate that the immediate constructive feedback from the simulator might have con-
tributed to this high training frequency, consistent with other studies [7,24,25]. The au-
tomated feedback is related to the HBB action points, followed by recommendations on
how to improve. However, it lacks some of the more comprehensive reflection elements
that can be gained through facilitator-lead debriefing. A previous study showed that skill
acquisition in cardiac compression training with automated feedback was not inferior when
compared to a human instructor, and the majority of the participants found the automated
mannequin feedback more useful than the instructor feedback [26]. The authors highlight
that automated feedback in self-regulatory, individual skill-training, enables opportunities
for learning with a potentially reduced need for human instructors. A review found anxiety
related to being observed by peers during training perceived as a stressor in simulation
training among nursery students, and automated feedback may facilitate a safer learning
environment [27]. In addition to feedback, the realistic appearance of the mannequin
and the different patient cases, may have contributed to enhanced motivation for training
through increased relevance [7,21,28].

4.3. Optimal Level of Training Frequency

One important aspect regarding simulation-based training in neonatal resuscitation is
the amount of training needed to improve and maintain skills and to translate acquired
skills into clinical practice. A previous study indicates that an average skill drill of eight in
three months leads to effective simulated ventilation, but more research is needed to find
the optimal level of training frequency [29]. This is important for optimizing cost-benefit
aspects of frequent on-site simulation-based training where time and resources are scarce,
and training must fit in with clinical tasks.

4.4. Strengths and Limitations

The strengths of this study are the long observation period of two years, the high
number of trainings analyzed, and the automated and continuous measures of ventilation
quality registered from every training session.

This study is not a randomized controlled trial and cannot claim causality. Still, it
seems likely that the increase in training frequency and participation among the midwives
can be explained by the presence of dedicated motivators at the ward and the features of
the simulator. Another limitation of the study is the new evaluation method of ventilation
quality using data from the simulator in contrast to the frequently used OSCE score, making
this indicator less comparable to previous studies.
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4.5. Future Studies

Skill-trainings with NeoNatalie Live aim to enhance the ability to follow the resuscita-
tive HBB steps and mastery of bag-mask ventilations, which is fundamental to improve
overall quality of newborn resuscitations [5]. Scenario team-trainings might be necessary
to enhance clinical management, by increasing situation-awareness and decision-making
regarding when to initiate resuscitation, and a rapid onset of ventilation when indicated.
Further research should focus on using NeoNatalie Live for scenario-team training and
investigate if the combination of individual skill-trainings and scenario-team trainings lead
to improved clinical management of neonatal resuscitations and perinatal outcome.

5. Conclusions

Appointing dedicated motivators when implementing HBB Second Edition and
NeoNatalie Live most likely increased training frequency, staff participation, and ven-
tilation quality.

Further research is needed regarding the underlying reasons for the increase in training,
and whether this high training frequency had an impact on clinical management and
perinatal outcome.
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Newborn resuscitation simulation 
training and changes in clinical performance 
and perinatal outcomes: a clinical observational 
study of 10,481 births
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Abstract 

Background: Annually, 1.5 million intrapartum-related deaths occur; fresh stillbirths and early newborn deaths. Most 
of these deaths are preventable with skilled ventilation starting within the first minute of life. Helping Babies Breathe is 
an educational program shown to improve simulated skills in newborn resuscitation. However, translation into clinical 
practice remains a challenge. The aim was to describe changes in clinical resuscitation and perinatal outcomes (i.e., 
fresh stillbirths and 24-h newborn deaths) after introducing a novel simulator (phase 1) and then local champions 
(phase 2) to facilitate ongoing Helping Babies Breathe skill and scenario simulation training.

Methods: This is a 3-year prospective before/after (2 phases) clinical observational study in Tanzania. Research 
assistants observed all deliveries from September 2015 through August 2018 and recorded labor/newborn informa-
tion and perinatal outcomes. A novel simulator with automatic feedback to stimulate self-guided skill training was 
introduced in September 2016. Local champions were introduced in October 2017 to motivate midwives for weekly 
training, also team simulations.

Results: The study included 10,481 births. Midwives had practiced self-guided skill training during the last week 
prior to a real newborn resuscitation in 34% of cases during baseline, 30% in phase 1, and 71% in phase 2. Most real 
resuscitations were provided by midwives, increasing from 66% in the baseline, to 77% in phase 1, and further to 83% 
in phase 2. The median time from birth to first ventilation decreased between baseline and phase 2 from 118 (85–165) 
to 101 (72–150) s, and time pauses during ventilation decreased from 28 to 16%. Ventilations initiated within the 
first minute did not change significantly (13–16%). The proportion of high-risk deliveries increased during the study 
period, while perinatal mortality remained unchanged.

Conclusions: This study reports a gradual improvement in real newborn resuscitation skills after introducing a novel 
simulator and then local champions. The frequency of trainings increased first after the introduction of motivating 
champions. Time from birth to first ventilation decreased; still, merely 16% of newborns received ventilation within the 
first minute as recommended. This is a remaining challenge that may require more targeted team-scenario training 
and quality improvement efforts to improve.
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Background
Annually, 1.5 million fresh stillbirths (FSB) and early 
newborn deaths occur due to intrapartum-related events 
[1, 2]. The majority of these deaths, including misclas-
sified FSB, could be prevented if non-breathing new-
borns received skilled resuscitation at birth [3]. Helping 
Babies Breathe (HBB) is a simulation-based educational 
program, implemented in more than 80 low-resourced 
countries, with the aim of increasing skills among birth 
attendants in newborn resuscitation [4]. The program is 
shown to be cost-effective, able to enhance knowledge 
and skills, and able to reduce perinatal mortality [5]. HBB 
2nd Edition was launched in 2016, emphasizing educa-
tional advice, program implementation, and strategies 
for quality improvement [6]. Simultaneously, a new and 
improved simulator, NeoNatalie Live (Laerdal Global 
Health, Stavanger, Norway), was developed and has 
shown to provide realistic training comparable to real-life 
resuscitations [7, 8].

Previous studies have found low-dose high-frequency 
training strategies effective for knowledge and skills 
retention [5, 9, 10]. However, individual studies show var-
ied results regarding the translation of improved train-
ing skills to clinical practice [5, 11–14]. Two systematic 
reviews show no overall difference in drying, stimula-
tion, suctioning, or bag-mask ventilation (BMV) after 
HBB implementation [15, 16]. The number of newborns 
receiving BMV within 60 s increased significantly in one 
study following a quality improvement cycle for HBB 
implementation at a tertiary hospital in Nepal [17]. A 
study from a high-resourced setting, testing the NeoSim 
simulation-based training (SBT), demonstrated reduced 
mortality, and decreased need for suction, BMV, intuba-
tion, chest compressions, and adrenaline during newborn 
resuscitation [18].

In real-life newborn resuscitations, a most crucial step 
is to start ventilation within the “golden minute” after 
birth [19, 20]. Preparedness, including available resus-
citation equipment, is a key factor for successful resus-
citations [19, 21]. Mastery of BMV skills, both during 
training and in real-life resuscitations, are challenging 
[22, 23]. Well-known barriers to training include staff 
turnover and limited time [5, 24, 25]. The rationale for 
the present study was the need for more research on how 
to implement and sustain frequent training and improve 
the translation of training skills into clinical practice.

HBB 2nd Edition, along with the new simulator, Neo-
Natalie Live, was implemented at Haydom Lutheran 

Hospital, in Tanzania in September 2016 [26]. The imple-
mentation consisted of two phases: first, an intervention 
period of mainly self-guided individual skill training (13 
months) and second, individual skill training and sce-
nario team training facilitated by local champions (11 
months). During the first intervention period, 688 skill 
trainings and 40 team trainings were conducted, whereas 
8451 skill trainings and 307 team trainings were con-
ducted during the second intervention period, with a 
significant increase in staff participation and training 
performance after the appointment of local champions 
[26].

The aim of the present study was to describe changes 
in clinical resuscitation performance and perinatal out-
comes, before and after the introduction of the novel 
simulator (in September 2016) and then local champions 
(in October 2017) to facilitate ongoing in situ HBB skills 
and scenario SBT among midwives.

Methods and material
This is a prospective observational study from September 
1, 2015, through August 31, 2018, at Haydom Lutheran 
Hospital in rural Tanzania. All deliveries were observed 
by research assistants, and all live births and FSB were 
included in the analysis. The study was approved by 
the National Institute for Medical Research, Tanzania 
(NIMR/HQ/R.8a/Vol.IX/2877) and the Regional Com-
mittee for Medical and Health Research Ethics, Western 
Norway (Ref.no. 2013/110). Informed consent from the 
mothers was not required by the ethical committees due 
to the descriptive quality improvement study design.

Study setting and participants
Haydom is a rural referral hospital in Northern Tanzania 
that serves a catchment area of approximately 2 million 
people and has 3500–4000 deliveries annually. Deliver-
ies and newborn resuscitations are mainly conducted 
by 18–22 midwives, with physicians on-call. The hospi-
tal has emphasized SBT since the introduction of HBB 
1st Edition in 2010 and further through the Safer Births 
project as described by Mduma et al. [12]. An overview 
of SBT at Haydom, prior to and throughout this study 
period, is presented in Fig. 1. Simulations were conducted 
by midwives working in the maternity ward. The number 
of midwives varied throughout the study period due to a 
high staff turnover (n=15–27). Other healthcare work-
ers, i.e., physicians and students, were allowed to use the 
simulator, but were not part of the SBT intervention.

Keywords: Helping Babies Breathe 2nd Edition, Implementation, In situ simulation-based training, Local champions, 
Perinatal mortality
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Interventions
NeoNatalie Live—newborn resuscitation simulator
NeoNatalie Live is a substantially improved newborn 
resuscitation simulator, compared to the original Neo-
Natalie (Laerdal Global Health, Stavanger, Norway) and 
provides both individual skill training and scenario team 
training. The learner guides for the simulator are avail-
able in the supplementary information (Additional files 1 
and 2). The simulator features variable lung compliance, 
realistic BMV training, and four different patient cases 
[8]. The simulator provides automated feedback based 
on HBB guidelines. The presented feedback is prioritized 
after the following lists: missing head tilt, insufficient 
opening ventilations, paused ventilations, mask leak, too 
high-ventilation pressure, and ventilation rate.

Implementation of NeoNatalie Live and local champions
Preceding implementation, we observed a 1-year base-
line period (period 1) with low-dose high-frequency 
HBB training using the original NeoNatalie simulator. 
During the first intervention phase (period 2), Septem-
ber 1, 2016–September 30, 2017, Haydom continued 
HBB training using the 2nd Edition and introduced Neo-
Natalie Live in their labor ward (Fig.  1). The improved 
simulator was mainly used for individual skill training 
according to self-guided practice, and 688 skill-trainings 
were conducted in this period 2 [26]. In addition, 40 sce-
nario team trainings were performed in the same period.

Initiating the second intervention phase (period 3), 
October 1, 2017–August 31, 2018, the hospital manage-
ment appointed four dedicated midwives, “local cham-
pions,” to facilitate and motivate for training. The local 
champions were junior midwives, carefully selected 

according to their personality traits and their beneficial 
influence in the ward. They were responsible for encour-
aging midwives to train and for technical support to 
ensure an all-time functioning simulator. They were 
tasked to arrange scenario team training and motivate 
the midwives to conduct self-guided skill training when-
ever time allowed. The local champions received a Mas-
ter Trainer Guide and a Learner Guide for the simulator 
(Additional files 1 and 2) preceding the appointment. 
They did not receive any remuneration for this specific 
assignment or possess other roles apart from their clini-
cal tasks. In period 3, a total of 8451 skill trainings and 
307 scenario team trainings were conducted [26].

Data collection and management
Trained research assistants, working in 3 shifts, 24 h 
a day, observed and recorded information (labor and 
newborn characteristics, events, and resuscitation inter-
ventions) on a data collection form. Trained data clerks 
double-entered data using Epidata 3.1. Biomedical signal 
data during resuscitations from September 1, 2015, until 
June 26, 2018, were obtained using the Newborn Resus-
citation Monitor (Laerdal Global Health, Stavanger, Nor-
way). The monitor had sensors to synchronously capture 
and record heart rate from ECG, as well as airway pres-
sure, flow, volume, and expired  CO2 during BMV using a 
self-inflating bag [27]. All sensors were located between 
the resuscitator bag and the facemask.

Outcomes
The main outcomes were the proportion of newborns 
receiving stimulation, suction, and/or BMV immedi-
ately after birth and time from birth to first ventilation. 

Fig. 1 SBT at Haydom Lutheran Hospital 2010–2018. Simulation-based training at Haydom Lutheran Hospital 2010–2018. HBB, Helping Babies 
Breathe; LDHF, low-dose high-frequency training; local champions, dedicated midwives in charge of facilitation and motivation for one-site training 
in HBB 2nd Edition. Figure by Ingunn Anda Haug (Laerdal Medical) [26]
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In addition, the total duration of BMV, pauses during 
BMV (pauses >3 s), ventilation frequency, tidal volumes, 
and mask leak was observed. We also investigated ini-
tial newborn heart rate, increase in newborn heart rate 
during BMV, and frequency of BMV training. Secondary 
outcomes included FSB, a 24-h neonatal mortality, and 
admissions to the Neonatal Care Unit.

Statistical methods
Data analysis was performed by Matlab R2021a (Math-
Works, Natick, MA) and SPSS version 26 (IBM Corp., 
Armonk, NY). Continuous data were presented by 
mean±SD or median (quartiles) and categorical data by
percentages (numbers), unless otherwise stated. To test 
for differences over the periods in continuous variables, 
Kruskal-Wallis test was used. If a significant difference 
over the periods was found, this was further examined 
by pairwise comparisons between the periods, using the 
Mann-Whitney test and a Bonferroni adjustment for 
multiple testing. For categorical data, the same approach 
was used, but then applying the chi-squared or Fischer’s 
exact test was appropriate. Logistic regression was used 
to test for differences between the periods in proportions 
of fatal outcomes adjusted for risk factors. A significance 
level of 0.05 was used in all hypothesis tests.

Results
During the study period, 10,672 births were recorded. 
The 191 macerated stillbirths (i.e., suspected dead before 
onset of labor) were excluded, while 10,481 births, 
including 135 FSB, were included for further analysis. 
Throughout the study period, 816 newborns received 
BMV and 644 of these resuscitations were recorded using 
the Newborn Resuscitation Monitor. Resuscitations were 
mainly performed by midwives, and some were provided 
by physicians or students. There were 12% missing reg-
istrations for the variable “cervical dilatation” and <0.1% 
for the remaining variables.

Patient vulnerability and perinatal outcome
The proportion of high-risk deliveries increased dur-
ing the study period. From baseline to each interven-
tion period, a higher number of admissions came from 
health centers (referrals) and the frequency of abnormal 
fetal heart rate on admission and during labor increased 
(Table  1). The proportion of premature newborns 
increased significantly, from 2.9 to 4.1%, corresponding 
to an increase in newborns with low birth weight <1500 
g (Table 2).

In unadjusted analyses, perinatal mortality (i.e., 24-h 
newborn deaths and FSB) increased slightly during the 
study period (p value 0.038). After adjustment for the 

source of admission, premature/term, birth weight, mode 
of delivery, and the last fetal heart rate before deliv-
ery, there was no significant change in risk for perinatal 
deaths (p value 0.898).

Changes in resuscitation performance and training 
frequency
The proportion of births with a bag/mask resuscita-
tor present before the delivery increased from 91.0 to 
98.1% (Table  2). The observed proportion of newborns 
receiving BMV increased over the periods, from 7.0 to 
8.5%, although not statistically significant (p value 0.056) 
(Table 2). We observed a significant decrease in both suc-
tion and stimulation in period 2 compared to period 1, 
but an increase in stimulation between periods 2 and 3 
(Table 2). The median time from birth to the start of venti-
lation decreased from 118 to 101 s (p value 0.007) over the 
whole study period (Table 3). Resuscitations were performed 
by midwives in 66.3% of the cases in period 1 vs 77.1% in 
period 2 and 83.5% in period 3 (Table  3). The proportion 
of midwives who had trained, using NeoNatalie Live, dur-
ing the last 7 days prior to the resuscitation, increased from 
33.8% in period 1 to 71.4% in period 3 (Table 3).

There was a significant decrease in time to start BMV, 
but no significant change in newborns being ventilated 
within the golden first minute from birth or the time of 
applied BMV, throughout the study period. The propor-
tion of pauses during ventilation decreased from 27.9 to 
15.7%, and ventilation frequency increased slightly from 
45 to 48 ventilations per/min (Table  4). There was no 
statistically significant change in mask leak, but expired 
tidal volume decreased from 7.6 to 6.3 ml/kg (Table  4). 
Static newborn lung compliance decreased during the 
whole study period (Table 4).

Discussion
Following a period of frequent in  situ SBT in newborn 
resuscitation, preparedness for resuscitation and the 
number of newborns receiving BMV increased. Time to 
first ventilation and pauses during ventilation decreased 
significantly. The vulnerability among admitted women 
and their newborns seemed to increase during the study 
period. In line with the intention, we found a significant 
increase in self-reported training using NeoNatalie Live 
over the last 7 days before conducting a real resuscita-
tion, from 33.8 to 71.4% throughout the study period, and 
midwives performed real resuscitations more frequently 
during the intervention periods.

The use of stimulation during real resuscitation decreased 
from period 1 to period 2 but increased from period 1 to 
period 3. Stimulation is an initial intervention in newborn 
resuscitation and marks the initiation of resuscitation, thus 
reflecting the number of newborns receiving resuscitation. 
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Table 1 Labor and maternal characteristics of live births and fresh stillbirths (n=10,481). Values are given as mean± SD or percentage
(number)

a Chi-squared test
b Data collection initiated 01.02.2016
c Kruskal-Wallis test
d Mann-Whitney test
e Not significant after Bonferroni correction
f One or several labor complications
g Fischer’s exact test

Period 1
Baseline

Period 2
Individual skill training

Period 3
Local champions

P value Period 1 vs 2 Period 1 vs 3 Period 2 vs 3

01.09.15–31.08.16 01.09.16–30.09.17 01.10.17–31.08.18

Months (n) 12 13 11

Births (n) 3572 4003 2 906

Admission from the health 
center

3.9 (140) 5.6 (226) 5.9 (171) <0.001a <0.001a <0.001a 0.675a

Mother had no formal 
educationb

9.3 (196) 8.2 (328) 6.3 (184) <0.001a 0.140a <0.001a <0.004a

Maternal ageb 26.2 ±6.9 26.1 ±6.7 26.1 ±6.8 0.835c

No antenatal care 0.9 (33) 0.9 (35) 1.0 (28) 0.928a

Antenatal problem 1.5 (52) 2.0 (79) 2.3 (67) 0.039a 0.084a 0.011a 0.343a

Cervical dilatation on  
admission (cm)

5.7 ±2.5 5.6 ±2.6 5.8 ±2.6 0.009c 0.897d 0.009d 0.005d

10-cm cervical dilation on 
admission

6.7 (212) 7.4 (262) 8.5 (212) 0.044a 0.263a 0.013a 0.135a

Hours in labor before  
admission (h:min)

5:08 ±2:29 4:28 ±2:32 4:44 ±2:15 <0.001c <0.001d <0.001d 0.004d

Fetal heart rate on admission 0.001a 0.001a 0.006a 0.744a

Normal (120–160 bpm) 91.7 (3274) 93.1 (3724) 93.2 (2709)

Abnormal (<120 or >160) 1.0 (37) 1.2 (49) 1.3 (38)

Not detectable 0.5 (19) 0.9 (37) 0.7 (20)

Not measured 6.7 (241) 4.8 (192) 4.8 (139)

Fetal heart rate during labor <0.001a <0.001a <0.001a 0.022e

Normal (120–160 bpm) 82.6 (2952) 85.5 (3423) 85.5 (2486)

Abnormal (<120 or >160) 5.3 (190) 7.3 (291) 8.7 (252)

Not detectable 0.5 (19) 1.0 (40) 0.7 (20)

Not measured 11.5 (411) 6.2 (248) 5.1 (148)

Final fetal heart rate before 
delivery

134.0 ±14.0 132.9 ±17.3 132.5 ±17.3 0.075c

Mode of delivery 0.020a 0.181a 0.222a 0.010a

Spontaneous vaginal delivery 75.3 (2690) 75.8 (3035) 75.0 (2179)

Cesarian delivery 23.8 (851) 23.0 (922) 23.7 (690)

Assisted breech delivery 0.6 (22) 0.5 (22) 1.1 (31)

Vacuum extraction 0.3 (9) 0.6 (23) 0.2 (5)

 Others 0.0 (0) 0.0 (1) 0.0 (1)

Singleton/multiple 0.353a

 Singleton 96.0 (3428) 96.1 (3847) 96.6 (2808)

 Multiple 4.0 (144) 3.9 (56) 3.4 (98)

Labor complicationsf 2.4 (85) 2.3 (94) 2.7 (78) 0.634a

Uterine rupture 0.2 (6) 0.1 (5) 0.1 (3) 0.763a

 Pre-eclampsia 0.5 (17) 0.6 (25) 0.6 (16) 0.686a

 Eclampsia 0.3 (9) 0.2 (7) 0.5 (14) 0.056a

Cord prolapse 0.8 (25) 0.7 (29) 0.6 (16) 0.653a

Prepartum bleeding 0.7 (23) 0.8 (31) 1.0 (28) 0.348a

Shoulder dystocia 0.2 (7) 0.0 (1) 0.1 (3) 0.062g
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Table 2 Newborn characteristics, resuscitation characteristics, and outcome of live births and fresh stillbirths (n= 10,481). Values are
given as mean± SD or percentage (number)

Fresh stillbirth is reported for perinatal outcome at 30 min
a Kruskal-Wallis test
b Mann-Whitney test
c Chi-square test
d Not significant after Bonferroni correction

Period 1
Baseline

Period 2
Individual skill 
training

Period 3
Local champions

P value Period 1 vs 2 Period 1 vs 3 Period 2 vs 3

01.09.15–31.08.16 01.09.16–30.09.17 01.10.17–31.08.18

Births (n) 3572 4003 2906

Newborn characteristics
 Gestational age 
(week)

38.8 ±1.9 38.7 ±1.9 38.6 ±2.0 0.003a 0.620b 0.001b 0.005b

Preterm 2.9 (103) 3.8 (151) 4.1 (118) 0.024c 0.032cd 0.009c 0.540c

Birth weight (gram) 3302.4 ±523.6 3357.7 ±556.6 3335.3 ±550.9 <0.001a <0.001b 0.002b 0.115b

Birth weight  
categories (gram)

<0.001c <0.001c 0.002c 0.038cd

  <1500 0.5 (18) 0.8 (32) 1.0 (30)

  1500–2499 5.0 (178) 4.9 (195) 4.3 (126)

  2500–3499 56.2 (2008) 50.2 (2011) 52.7 (1531)

  3500–4499 37.2 (1328) 42.2 (1690) 40.2 (1167)

≥4500 1.1 (40) 1.9 (75) 1.8 (52)

Resuscitation characteristics
 Resuscitation kit 
present

92.7 (3313) 93.5 (3742) 93.6 (2721) 0.276c

 Bag/mask resuscitator 
present

91.0 (3252) 98.1 (3923) 97.8 (2842) <0.001c <0.001c <0.001c 0.456c

Stimulation 31.0 (1109) 27.6 (1104) 34.4 (1001) <0.001c 0.001c <0.004c <0.001c

Suction 28.2 (1009) 23.6 (943) 28.0 (815) <0.001c <0.001c 0.857c <0.001c

Bag/mask ventilation 7.0 (249) 8.0 (319) 8.5 (248) 0.056c

APGAR 1 min 8.6 ±1.2 8.5 ±1.5 8.5 ±1.4 0.537a

APGAR 5 min 9.8 ±1.2 9.7 ±1.5 9.7 ±1.4 <0.001a 0.006b <0.001b 0.049bd

Low APGAR 1 min 
(APGAR ≤7)

4.0 (143) 5.0 (200) 5.7 (167) 0.005a 0.038ad 0.001a 0.170a

Low APGAR 5 min 
(APGAR ≤7)

2.3 (81) 3.9 (157) 4.2 (123) <0.001c <0.001c <0.001c 0.518c

Perinatal outcome at 
30 min

0.013c 0.008c 0.013c 0.563c

 Normal 93.6 (3345) 91.6 (3666) 91.6 (2662)

Admitted neonatal unit 5.0 (179) 6.5 (262) 6.9 (200)

 Death 0.3 (9) 0.3 (13) 0.3 (10)

Fresh stillbirth 1.1 (39) 1.5 (62) 1.2 (34)

Neonatal outcome at 
24 h

0.003c 0.002c 0.012c 0.261c

 Normal 95.1 (3396) 93.0 (3723) 93.5 (2715)

 Still in the neonatal 
care unit

3.2 (114) 4.4 (178) 4.0 (116)

 Death 0.6 (23) 1.0 (40) 1.3 (38)
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The increased use of stimulation may reflect the more vul-
nerable population of newborns or increased training. 
We documented a decrease in the use of the suction from 
period 1 to period 2; still, there were no changes from period 
1 to period 3. Two systematic reviews found no change in 
the frequency of either stimulation or suction after HBB 
training [15, 16]. Newborn resuscitation guidelines no 
longer recommend suction unless the airway is obstructed 
by secretions, and several studies show decreased use of 
unnecessary suctioning after HBB training [17, 19, 28].

As much as 8.5% of the newborns received BMV in 
period 3, compared to 7.0% during period 1. Several indi-
vidual studies report more frequent BMV following the 
implementation of HBB [17, 28, 29]. However, two system-
atic reviews found no change in the frequency of BMV after 
HBB training [15, 16]. The not significant tendency towards 
more newborns receiving BMV in our study is likely due to 
a more vulnerable population with an increased number of 
newborns requiring BMV. Daily simulation-based train-
ing during the second intervention period might also have 
contributed to enhanced confidence and thus increased 
use of BMV. The aim of HBB training is to provide timely 
and skilled BMV when needed. The actual proportion of 
non-breathing newborns who would benefit from BMV is 

probably unknown and varies across settings, depending 
on maternal and newborn vulnerability and obstetric and 
newborn care. Thus, it may be difficult to evaluate if the 
observed frequency of BMV is appropriate and to compare 
it with other settings. Importantly, all newborns being ven-
tilated were observed by the trained research assistants as 
“not breathing” until the start of BMV.

Rapid initiation of BMV among non-breathing new-
borns is critical for intact survival, and guidelines recom-
mend the start of ventilation within 1 min after birth [19, 
20]. Time from birth to first ventilation decreased from 
118 to 101 s during our study period. Still, merely 15.7% 
of the newborns receiving BMV were ventilated within 
the first minute of life, confirming previous literature 
[28, 30]. Chaulagain et  al. found a monthly cumulative 
median time to first ventilation of 153 s and a proportion 
of 11.1% of the newborns ventilated within the first min-
ute, showing that even after a targeted quality improve-
ment package in newborn resuscitation, rapid initiation 
of BMV remains a great challenge [28]. In our study, the 
increase in births with bag/mask resuscitators present 
prior to delivery, demonstrating an increased prepar-
edness for resuscitation, in addition to increased skills 
might have impacted the time to start ventilation [31, 32].

Table 3 Resuscitation characteristics of newborns receiving bag/mask ventilation (n=816). Values are given as median (quartiles) or
percentage (number)

BMV bag/mask ventilation
a Chi-square test
b Kruskal-Wallis test
c Mann-Whitney test
d Not significant after Bonferroni correction

Period 1
Baseline

Period 2
Individual skill training

Period 3
Local champions

P value Period 1 vs 2 Period
1 vs 3

Period 2 vs 3

01.09.15–31.08.16 01.09.16–30.09.17 01.10.17–31.08.18

Newborns receiving BMV (n) 249 319 248

Midwife providing resusci-
tation

66.3 (165) 77.1 (246) 83.5 (207) <0.001a 0.004a <0.001a 0.061a

Midwife trained with Neo-
Natalie last 7 days

33.8 (54) 29.6 (72) 71.4 (147) <0.001a 0.383a <0.001a <0.001a

Time from birth to the start 
of BMV (seconds)

118 (85–165) 100 (74–160) 101 (72–150) 0.018b 0.028cd 0.007c 0.532c

BMV initiated within 60 s 13.3 (33) 13.2 (42) 15.7 (39) 0.633a

Perinatal outcome at 30 min 0.213a

 Normal 58.2 (145) 51.7 (165) 52 (129)

Admitted neonatal unit 33.3 (83) 42.3 (135) 42.3 (105)

 Death 3.2 (8) 3.4 (11) 2.4 (6)

Fresh stillbirth 5.2 (13) 2.5 (8) 3.2 (8)

Neonatal outcome at 24 h 0.398a

 Normal 66.7 (166) 62.4 (199) 62.6 (154)

 Still in the neonatal care 
unit

21.7 (54) 25.7 (82) 24.8 (61)

 Death 6.4 (16) 9.4 (30) 9.3 (23)
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Over the study period, midwives at Haydom conducted 
a large amount of both individual skill training [26] and 
organized scenario team trainings. It is not possible to 
analyze how these different training modalities sepa-
rately may have influenced the documented changes in 
clinical care. However, we believe that scenario team-
trainings may typically influence team work, decision 

making, and clinical treatment timelines more than 
individual skill training would do [33, 34]. Therefore, 
we speculate that more targeted team-scenario train-
ings in combination with specific continuous quality 
improvement efforts are necessary to ensure that most 
non-breathing newborns receive BMV within the first 
minute.

Table 4 Bag/mask ventilation characteristics recorded from the newborn resuscitation monitor (n=644). Values are given as median
(quartiles) or percentage (number)

HR heart rate, BMV bag/mask ventilation, Bpm beat per minute
a Kruskal-Wallis test
b Mann-Whitney test
c Not significant after Bonferroni correction

Period 1
Baseline

Period 2
Individual skill 
training

Period 3
Local champions

P value Period 1 vs 2 Period
1 vs 3

Period 2 vs 3

01.09.15–31.08.16 01.09.16–30.09.17 01.10.17–26.06.18

220 268 156

Heart rate characteristics
First HR (bpm) 98 (61–152) 95 (62–149) 88 (60–140) 0.699a

First HR under 100 bpm (%) 50.9 (112) 50.7 (136) 55.1 (86) 0.644a

 HR after last ventilation 
(bpm)

153 (130, 171) 157 (134, 169) 160 (137, 170) 0.621a

 HR 60 s after last  
ventilation (bpm)

160 (138, 176) 163 (145, 176) 160 (140, 175) 0.550a

BMV characteristics
 Total BMV duration  
(seconds)

135 (66, 349) 127 (64, 266) 152 (82, 347) 0.234a

Total BMV pause (%) 27.9 (15.2, 44.8) 19.1 (8.2, 34.9) 15.7 (4.0, 31.2) <0.001a <0.001b <0.001b 0.077b

 Tidal volume expired,  
(ml/kg)

7.6 (4.8, 11.8) 6.0 (2.9, 9.8) 6.3 (3.5, 10.4) <0.001a <0.001b 0.025bc 0.137b

Mask leak (%) 38.0 (15.8, 57.0) 42.0 (18.5, 61.8) 38.8 (16.0, 60.0) 0.495a

 Ventilation frequency,  
(1/min)

45.0 (36.0, 55.0) 48.0 (42.0, 54.0) 48.0 (42.2, 54.0) 0.006a 0.009b 0.005b 0.542b

 Peak inspiratory pressure 
(mbar)

36.0 (30.0, 39.0) 39.0 (36.0, 40.0) 38.0 (37.0, 40.0) <0.001a <0.001b <0.001b 0.498b

Minute volume (ml) 369 (225, 556) 287 (181, 459) 324 (198, 449) 0.005a 0.001b 0.049bc 0.335b

Number of ventilations 61 (34, 159) 72 (38, 147) 85 (44, 208) 0.017a 0.348b 0.006b 0.029bc

 Static lung compliance, 
(ml/mbar)

0.93 (0.60, 1.40) 0.64 (0.38, 1.01) 0.67 (0.40, 1.02) <0.001a <0.001b <0.001b 0.630b

First minute of ventilation
 Total BMV pause during 
first minute (%)

31.1 (12.3, 56.6) 23.6 (8.3, 42.1) 15.1 (5.5, 38.7) <0.001a 0.003b <0.001b 0.020bc

Tidal volume expired (ml/kg) 7.0 (3.5, 10.6) 4.2 (1.4, 8.1) 4.3 (1.9, 8.7) <0.001a <0.001b <0.001b 0.443b

Mask leak (%) 42.2 (21.0, 68.2) 52.8 (24.2, 74.5) 52.5 (26.0, 72.0) 0.068a

 Ventilation frequency,  
(1/min)

46.0 (37.0, 58.0) 48.0 (42.0, 55.5) 49.0 (43.0, 55.0) 0.058a

 Peak inspiratory pressure 
(mbar)

37.0 (32.0, 40.0) 39.0 (37.0, 41.0) 38.8 (37.0, 41.5) <0.001a <0.001b <0.001b 0.742b

Minute volume (ml) 317 (183, 494) 241 (113, 385) 247 (153, 387) <0.001a <0.001b 0.002b 0.500b

Number of ventilations 30 (20, 40) 36 (27, 44) 39 (29, 44) <0.001a <0.001b <0.001b 0.190b

 Static lung compliance 
(ml/mbar)

0.93 (0.61, 1.41) 0.65 (0.39, 1.04) 0.71 (0.41, 1.06) <0.001a <0.001b <0.001b 0.396b
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Regarding ventilation performance, healthcare work-
ers managed to ventilate with less pauses after increased 
use of self-guided skill training in period 2. The simula-
tor provides feedback regarding this specific action point 
in the HBB algorithm, making it reasonable that training 
contributed to enhancing this clinical skill. The observed 
reduction in expired tidal volume and minute volume 
during the study period are most likely due to a more 
vulnerable newborn population. This is supported by 
the findings of decreased static lung compliance indicat-
ing stiffer lungs and thus increased difficulties in provid-
ing a sufficient minute volume during BMV, despite the 
increased number of ventilations and peak inspiratory 
pressure. Low lung compliance likely represents unma-
ture preterm lungs and/or liquid-filled lungs of severely 
asphyxiated newborns. To establish functional residual 
capacity in such lungs may be difficult and likely explains 
the almost significant trend towards more mask leaks in 
the first minute of BMV [35].

Regarding mortality, overall 30-min newborn mortal-
ity seems to be stable around 3/1000 and the FSB rate 
changes from 1.1 to 1.5 % throughout the study period, 
despite an increased population vulnerability (Table  2). 
The 30-min perinatal outcome is typically associated 
with intrapartum-related events and complications, caus-
ing FSB or severely asphyxiated newborns [36]. The 24-h 
newborn mortality mainly reflects intrapartum-related 
deaths, but may also include some deaths secondary to 
other causes, e.g., prematurity and severe infections [37]. 
SBT interventions combining obstetric and newborn 
care might be needed for reducing perinatal mortality 
[33, 38]. The increase in more vulnerable women being 
admitted over time is difficult to explain based on our 
data alone. However, a recent paper from the same set-
ting describes how this poor catchment population reacts 
to changing conditions like introducing patient fees for 
ambulance service and hospital delivery [39].

Among several strengths of this study is the large pop-
ulation size. In addition, the rigorous data management 
system, comprehensive data collection form present-
ing detailed information on resuscitation practice, com-
bined with physiological data during the first minutes of 
life provides unique information. One limitation is the 
non-randomized design and thus the inability to claim 
causality. In addition, lack of qualitative data restricts the 
interpretation of reasons behind the successes and poten-
tial barriers. A mixed method design could have added 
important knowledge for further improvement of train-
ing approaches and eventually clinical performance.

HBB and the new NeoNatalie Live simulator is a low-
cost program and thus possible to scale up in other 
resource-limited settings [40]. However, Haydom has 

emphasized individual simulation-based HBB skill train-
ing for a decade, thus the management and staff are 
used to such learning methods. This background likely 
explains their eagerness to use the new simulator, and 
furthermore, the huge training load response when the 
local champions started their work. These responses hap-
pened despite the high turnover in clinical staff. Settings 
with less SBT practice may need more time to achieve 
similar results. High-income settings might require addi-
tional training on more advanced interventions for new-
born resuscitation, but the implementation strategy of 
using local champions is considered generalizable.

Conclusion
Even when caring for a more vulnerable maternal and 
newborn population, midwives at Haydom managed 
to improve their clinical skills in newborn resuscitation 
after an impressive increase in individual training fre-
quency and scenario team trainings using a novel new-
born simulator, stimulated by local champions. The low 
number of newborns receiving BMV within the first min-
ute is a remaining critical challenge, and we think more 
additional quality improvement efforts are necessary to 
achieve guideline adherence. Further research should 
focus on qualitative and/or mixed-methods studies 
exploring underlying reasons for the described changes 
and the challenge of timely BMV.
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Abstract 

Introduction: 

Birth asphyxia related deaths is a major global concern. Rapid initiation of ventilation within the “Golden Minute” is 

important for intact survival, but reported to be challenging, especially in low/middle-income countries. Helping Babies 

Breathe (HBB) is a simulation-based training program for newborn resuscitation. The aim of this HBB quality improvement 

(QI) intervention was to decrease time from birth to ventilation and document potential changes in perinatal outcomes. 

Method: 

Prospective observational QI study in a rural Tanzanian hospital, 01.10.2017-31.08.2021; 1st year baseline, 2nd year 

QI/simulation intervention, and two years post-intervention. Trained research assistants observed wide-ranging information 

from all births (n=12,938). The intervention included monthly targeted HBB simulation-training addressing documented gaps 

in clinical care, clinical debriefings and feedback meetings.  
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Results: 

During the QI/simulation intervention, 68.5% newborns were ventilated within 60 seconds after birth compared to 15.8% 

during baseline and 42.2% and 28.9% during the two post-intervention years (p<0.001). Time to first ventilation decreased 

from median 101 (quartiles 72-150) to 55 (45-67) seconds (p<0.001), before increasing to 67 (49-97) and 85 (57-133) 

seconds post-intervention. More non-breathing newborns were ventilated in the intervention period (12.9%) compared to 

baseline (8.5%) and the post-intervention years (10.6% and9.4%) (p<0.001). Assumed fresh stillborns decreased significantly 

from baseline to intervention (3.2% to 0.7%) (p=0.013). 

Conclusions: 

This study demonstrates a 4.5-fold increase in newborns being ventilated within the Golden Minute and a significant 

reduction in fresh stillborns after introduction of an HBB QI/simulation intervention. Improvements are partially reversed 

post-intervention, highlighting the need for continuous simulation-based training and research into QI efforts essential for 

sustainable changes.  

Keywords 

Clinical performance, Helping Babies Breathe 2nd Edition, low-resource setting, newborn mortality, newborn resuscitation, 

perinatal mortality, patient outcome, simulation-based training 

Introduction 

Each year, 1.5 million fresh stillbirths (FSB) and early newborn deaths occur due to intrapartum related events(1,2). Timely 

and skilled resuscitation of the non-breathing newborns could prevent the majority of these deaths(3). Initiating bag-mask 

ventilation (BMV) within 60 seconds is recommended by newborn resuscitation guidelines(4), and the risk of death and/or 

morbidity, in a low-resource setting, increased with 16% for every 30-second delay in start of ventilation after birth(5). 

However, it remains a huge challenge to achieve initiation of BMV within the so-called Golden Minute(6–10). A recent study 

of nearly 23,000 births from five public hospitals in high mortality burden countries found only 1% of non-breathing 

newborns receiving ventilation within 60 seconds after birth(6). A tertiary hospital in Nepal managed to increase the 

proportion of newborns receiving BMV within the Golden Minute by 83.9% after implementing a Quality Improvement (QI) 

intervention, and the researchers address the need for studies on similar interventions from district hospitals(11). 

Helping Babies Breathe (HBB) is a simulation-based training program in basic newborn resuscitation(12). HBB is endorsed 

by WHO and introduced in >80 low/middle-income countries worldwide(13). The program was launched in 2009, and 

several studies have shown reduced early neonatal mortality and FSB  following implementation of HBB 1st Edition(8,11,14–

16). Still, challenges of sustained changes have been identified, and in order to further improve implementation and 

sustainability of the training program, the HBB 2nd Edition was launched in 2016(9,14,17). Moreover, in 2017, 10 essential 

action points for better implementation of the Helping Babies and Mothers Survive training program were formulated (17). 
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These included focus on local champions, local systems for low-dose high-frequency simulation-training, facility-level 

perinatal QI teams and systems for collecting clinical data to drive local QI. There is a need to study whether a combination 

of such simulation and implementation strategies lead to changes in clinical practice and patient outcome over time (14).  

Haydom Lutheran Hospital in rural Tanzania has practiced HBB simulation-based training since 2010(16). However, mean 

time to start BMV of non-breathing newborns has been constantly around two minutes. To increase the numbers of newborns 

receiving BMV within the Golden Minute, a QI/simulation intervention consistent with the HBB 2nd Edition started 

September 1st, 2018, named “The Golden Minute Campaign”. The goal was to ventilate 70% of non-breathing newborns 

within the first minute of life. The aim of this study was to document potential changes in time from birth to start of 

ventilation and in perinatal outcomes after implementation of this QI/simulation intervention. 

Methods 

This is a prospective 4-year observational QI study including all deliveries at Haydom Lutheran Hospital, from October 1st, 

2017, through August 31st, 2021. All deliveries were observed by research assistants and all live births and FSB were 

included in the analysis.  

Study setting 

Haydom Lutheran Hospital is a rural referral hospital in Northern Tanzania that serves a population of approximately 2 

million people and had 3000–3500 deliveries annually during the study period. Deliveries, including newborn resuscitations, 

are mainly conducted by 18–22 midwives working two-three on every shift, with physicians on-call. The hospital experiences 

a high turnover of midwives due to new government employment opportunities every midyear, leading to experienced 

midwives leaving and newly educated midwives starting at the end of each year.  

Since introduction of HBB in 2010, regular simulation-based skill-training has been conducted(18). Since September 2016, 

the NeoNatalie Live simulator (Laerdal Global Health) with variable lung compliance, realistic tactile appearance, and 

automated feedback (19), has been available in the labour ward for individual self-guided skill-training. NeoNatalie Live 

enables healthcare workers to practice essential technical skills such as proper head tilt, adequate ventilation pressure and 

frequency, continuous ventilation, and reduction of mask leaks(20).  

In October 2017 “local champions” were appointed to encourage midwives to continue frequent simulation training. The 

champions were junior midwives, carefully selected by the management according to their personality traits and engagement 

in the ward. They did not receive any formal simulation-facilitator training at that time. Nevertheless, in the baseline period 

of this study 01.10.17-31.08.18, almost 8 500 individual skill-trainings and around 300 scenario team-trainings were 

conducted (21). In this baseline period, ventilation of non-breathing newborns improved and time to start BMV decreased 

from around two minutes to 100 seconds (20). Still, only 14.6% of newborns received BMV within the first minute as 
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recommended. Figure 1  presents an overview of simulation-based training at the hospital, prior to and throughout this study 

period. 

Simulation-based training at Haydom Lutheran Hospital 2010–2021 

Figure 1 Simulation-based training at Haydom Lutheran Hospital 2010–2021. HBB; Helping Babies Breathe, LDHF; low-dose high frequency training; Local 

Champions; dedicated midwives in charge of facilitation and motivation for one-site training in HBB 2nd Edition. Figure by Ingunn Anda Haug (Laerdal 

Medical). 

Intervention 

The Golden Minute Campaign started September 1st 2018 and remained through August 31st 2019. Before launching the 

campaign, the local champions received a 4-day adopted EU Sim Level 1 Train-the-Trainer simulation course(22) and were 

appointed simulation facilitators. We thought this would improve the quality of the team-scenario simulation trainings and 

enable the trained simulation facilitators/local champions to continuously adjust training focus (learning objectives) to 

address learning needs as documented in clinical performance data. Several QI efforts were introduced to support this linking 

between clinical data and training, create awareness and consensus among staff and establish a sustainable system for QI. The 

Golden Minute QI/simulation interventions are summarized in Table 1.  

During the intervention period, the local champions arranged monthly team-scenario simulation training targeting gaps in 

real-life resuscitations with a special focus on reducing time from birth to start BMV. Non-technical skills, including decision 

making, communication, teamwork, and leadership were also addressed. The team-trainings were conducted in situ at labor 

ward. The sessions continued for 1.5-2 hours and involved three participants and one local champion. Initiation the training, a 

short briefing with information about the scenario and the learning objectives were provided. Learning objectives were e.g., 

equipment preparations before entering second stage of labor, adherence to the HBB action plan, closed-loop communication 

between the team members, and assessment and decision-making concerning the need for BMV within 60 seconds after birth. 

The participants performance of the learning objectives was evaluated by the local champion and discussed in the debriefing 

following the training. The debriefing was carried out according to principles of psychological safety and focused on 

successes and areas of improvement recognized through the training. All midwives had to participate regularly in the team-

simulations and in addition, they were encouraged to carry out individual skill-training four times per month. The NeoNatalie 
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Live simulator was available for all other healthcare workers, but the QI/simulation intervention was focusing on midwives 

since they are responsible for newborn resuscitations in this setting.  

Moreover, during the QI/simulation intervention, all newborn resuscitations were debriefed immediately and at the daily shift 

meeting. Clinical data from real resuscitations were summarized and presented at one morning report each week. Clinical 

data were also presented at monthly meetings including both clinical staff, research assistants and hospital management. At 

these meetings questions and challenges were examined, implementation of previous action points was evaluated, and further 

potential improvements were discussed until consensus on new action points was reached. The action points from the 

monthly meetings were displayed on a progress board in the labor ward. Action points included increased awareness and 

knowledge of important aspects of newborn resuscitation, increased preparedness for resuscitation, training of new staff, and 

recording of resuscitations. In addition, it was decided that research assistants should inform the healthcare worker at 30 and 

50 seconds after birth during real-life resuscitations.  

Table 1 The Golden Minute Campaign; activities, responsible part, and participants. 

Activity Description Responsible Participants 
Train-the-trainer simulation course 
to become simulation- “facilitator” 

EU-sim level 1 course enabling the local champions to start running 
simulation-based scenario training, emphasizing feedback relevant for 
learning in a safe and constructive atmosphere. 

SAFER-Stavanger Local champions 

QI monthly meetings 

Follow-up of action points 
established during QI monthly 
meeting 

Clinical data were presented by one of the local champions. 
Implementation of action points agreed upon in previous QI meetings was 
evaluated, and further potential improvements were discussed until 
consensus on new action points was reached. Action points included 
increased awareness and knowledge of important aspects of newborn 
resuscitation; increased preparedness for resuscitation, training of new 
staff, recording of resuscitations, research assistants informing the health 
care worker at 30 and 50 seconds after birth during a resuscitation, 
among others. 

Progress of the QI intervention goal and agreed action points were 
displayed at a progress board in labor ward and shared in a WhatsApp 
group. Local champions were responsible for designing relevant scenarios 
for simulation-based team-training to address gaps in knowledge/skills 
discussed at the QI monthly meeting. 

Hospital management and 
local champions 

Local champions 

All healthcare workers from 
labor ward, research 
assistants, nursing matron and 
hospital management 

Midwives and staff labor ward 

Monthly scenario team simulation 
training 

Low-dose high-frequency individual 
skill-training 

Weekly morning report 

Monthly scenario team trainings targeting gaps from the real-life 
resuscitations at the ward, identified by clinical data and the other ongoing 
QI activities.  

Midwives were encouraged to carry out individual skill training four times 
per month covering different patient cases, in addition to the monthly 
scenario team-training. 

Clinical data from the resuscitations were presented at one of the morning 
reports at the ward each week. 

Local champions 

Local champions, midwives 
at labor ward 

One of the local champions 

Midwives at labor ward 

Midwives at labor ward 

Midwives and physicians from 
the night shift and the day 
shift, and the nursing matron  

Daily clinical debriefing at shift 
meeting 

Clinical debriefing after 
resuscitation  

Daily debriefings and reports of the most recent resuscitations at the shift 
meeting by application of three phases of debriefing; description, analysis, 
and application under the assistance of a local champion if present. 
Report concluding with a “take home message”, such as “Bag mask 
ventilation-equipment not present”. 

7-10 minutes debriefing after a neonatal resuscitation, involving the group 
of midwives, the research assistant observing the resuscitation  and 
physician if present during the resuscitation. The debriefing included
reflections on what went well, what could be improved and what was 
learnt. A take home message was created and presented at the shift 
meeting. 

Midwives 

Midwives and local 
champion (if available) 

Staff from labor ward present 
at shift meeting  

Midwives, research assistant, 
other healthcare workers and 
physician involved in the 
resuscitation 

Annual one-day-HBB course One-day HBB course providing knowledge and skill training in newborn 
resuscitation. 

HBB master trainers 
(midwives at Haydom who 
have conducted a one-day 

Staff in the labor ward 5 
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scenario team-training. 

Clinical data from the resuscitations were presented at one of the morning 
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and application under the assistance of a local champion if present. 
Report concluding with a “take home message”, such as “Bag mask 
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of midwives, the research assistant observing the resuscitation  and 
physician if present during the resuscitation. The debriefing included
reflections on what went well, what could be improved and what was 
learnt. A take home message was created and presented at the shift 
meeting. 
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HBB Master Trainer 
Course) and local 
champions  

QI= Quality Improvement, HBB=Helping Babies Breathe 

In the 2-year post-intervention period, 01.09.19-31.08.21, weekly reports concerning clinical outcomes continued, however, 

there were no monthly meetings and decreased focus on simulations, both individual skill-training and scenario team-

training. In the analyses, we divide the post-intervention period into two one-year periods, to study time trends.   

Data collection and management 

Trained research assistants, divided into three shifts over 24 hours covering the labor ward, observed and recorded 

information (labor and newborn characteristics, events and resuscitation interventions) on a data collection form and in the 

Liveborn app(23). The Liveborn app was used to record data from resuscitations, such as time from birth to first ventilation. 

Trained data clerks double-entered data using Epidata 3.1.  

Outcomes 

The main outcomes were time from birth to first ventilation; proportion of newborns ventilated within the Golden Minute, 

proportion of newborns receiving stimulation, suction and/or BMV immediately after birth, and healthcare workers’ 

frequency of BMV training. Secondary outcomes included FSB, 24-hour newborn deaths and admissions to Neonatal Care 

Unit.  

Statistical methods  

Analysis was performed using SPSS version 26 (IBM Corp., Armonk, NY). Continuous data were summarized by mean and 

standard deviation (SD) or median and quartiles, as appropriate, and categorical data by percentages and numbers. The 

Kruskal Wallis test was used to test for differences over the periods in continuous variables; and the Chi-squared or Fishers 

exact tests, as appropriate, for categorical data. To test for differences between the periods in proportions of fatale outcomes, 

adjusted for risk factors, logistic regression was used. In all hypothesis tests a significance level of 0.05 was used. We used 

run charts to assess the main outcome measures; newborns ventilated within the Golden Minute and time from birth to start 

ventilation over the study period with the median line for each study period. 

Ethical considerations 

The study was approved by the National Institute for Medical Research, Tanzania (NIMR/HQ/R.8a/Vol.IX/3852) and the 

Regional Committee for Medical and Health Research Ethics, Western Norway (ref.no. 172126). Informed consent from the 

mothers was not required by the ethical committees due to the descriptive QI study design.   
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Results 

During the study period, 12,938 births were recorded; 260 macerated stillbirths (baby born dead with skin disintegration, 

assumingly died >12 hours prior to birth) were excluded, while 12,678 births, including 143 FSB, were included for further 

analysis. There were 15% missing registrations for the variable “cervical dilatation”, 5% for “last fetal heart rate before 

delivery” and <0.1% for the remaining variables. 

More parturient women were admitted as referrals from health centers in the post-intervention period compared to baseline 

(Table 2). The proportion of newborns with a normal fetal heart rate during labor increased (Table 2), whereas average birth 

weight decreased despite a stable number of preterm newborns throughout the study (Table 3).  

Table 2. Labor and maternal characteristics of live births and fresh stillbirths (n= 12 678) 

Period 1 
Baseline 

FST 

Period 2 
Golden Minute 

campaign 

Period 3 
Post intervention 

Period 4 
Post intervention 

P-value

01.10.17-31.08.18 01.09.18-31.08.19 01.09.19-31.08.20 01.09.20-
31.08.21 

Months (n) 11 12 12 12 

Births (n) 2 913 3 291 3 142 3 332 

Admission from health center 5.9 (171) 6.4 (210) 7.6 (240) 7.6 (253) 0.010b

Mother no formal education 6.3 (184) 8.1 (267) 6.8 (214) 6.0 (199) 0.004b 

Maternal age 26.4 ±6.8 26.3 ±6.7 26.5 ±6.9 26.4 ±6.6 0.889c

No antenatal care 1.0 (28) 1.1 (35) 1.5 (46) 1.7 (56) 0.038b

Antenatal problem 2.4 (69) 1.7 (57) 2.0 (62) 2.4 (81) 0.163b

Cervical dilatation on admission (cm) 5.9 ±2.6 5.9 ±2.6 5.8 ±2.6 6.3 ±2.3 <0.001c

10 cm cervical dilatation on admission 8.5 (214) 8.8 (247) 8.0 (210) 8.8 (242) 0.675b

Fetal heart rate on admission 0.051b

    Normal (120-160 bpm) 93.2 (2 714) 94.0 (3 093) 93.3 (2 930) 92.4 (3 079) 

    Abnormal (<120 or >160) 1.3 (38) 1.3 (44) 0.9 (28) 1.0 (33) 

    Not detectable 0.7 (20) 0.6 (20) 0.7 (23) 0.7 (23) 

    Not measured 4.8 (141) 4.0 (133) 5.1 (160) 5.9 (197) 

Fetal heart rate during labor <0.001b 

    Normal (120-160 bpm) 85.5 (2 491) 89.9 (2 959) 90.1 (2 830) 90.6 (3 018) 

    Abnormal (<120 or >160) 8.7 (252) 5.3 (175) 4.0 (126) 2.9 (97) 

    Not detectable      0.7 (20) 0.7 (22) 0.9 (29) 0.7 (24) 

    Not measured 5.1 (150) 4.1 (134) 5.0 (157) 5.8 (193) 
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    Uterine rupture 0.1 (3) 0.1 (3) 0.2 (5) 0.1 (4) 0.872b

    Pre-eclampsia 0.6 (17) 0.2 (6) 0.3 (10) 0.6 (21) 0.015b

    Eclampsia       0.5 (14) 0.4 (12) 0.4 (14) 0.2 (6) 0.188b

    Cord prolapse 0.5 (16) 0.9 (28) 0.7 (21) 0.8 (28) 0.443b

    Prepartum bleeding 1.0 (29) 0.8 (26) 0.5 (17) 0.6 (20) 0.148b

    Shoulder dystocia 0.1 (3) 0.2 (5) 0.1 (2) 0.2 (5) 0.719e

a Values are given as mean± SD or percentage (number). 
b Chi-squared test. 
c Kruskal-Wallis test.  
d One or several labor complications. 
e Fischer`s exact test. 
FST= Frequent Skill Training 

Throughout the study period, 4,474 (35%) newborns were stimulated to start breathing and 1,320 (10.4%) of these were also 

ventilated. Both stimulation (34.5%-40.4%), suction (28.1%-31.4%) and BMV (8.5%-12.9%) increased from baseline to the 

intervention period (Table 3). Stimulation (40.4%-37.2%-26.2%) and BMV (12.9%-10.6%-9.4%) decreased from the 

intervention period to post-intervention (Table 3). 

Table 3. Resuscitation characteristics, newborn characteristics and perinatal outcomes (n=12 678) 

Period 1 
Baseline 

FST 

Period 2 
Golden Minute 

campaign 

Period 3 
Post intervention 

Period 4 
Post intervention 

P-value

01.10.17-31.08.18 01.09.18- 31.08.19 01.09.19-31.08.20 01.09.20-31.08.21 

Births (n) 2 913 3 291 3 142 3 332 

Newborn characteristics 

Gestational age (week) 38.6 ±2.0 38.6 ±2.1 38.5 ±2.1 38.5 ±1.9 <0.001b

Preterm 4.1 (120) 4.8 (158) 5.1 (160) 5.4 (181) 0.105c

Birth weight (gram) 3 334.4 ±552.1 3 230.7 ±552.1 3 172.8 ±532.9 3 161.0 ±541.5 <0.001b

Birth weight categories (gram) <0.001c

   <1500 1.1 (31) 0.9 (30) 0.9 (27) 1.1 (37) 

   1500-2499 4.4 (127) 6.0 (197) 7.3 (228) 7.7 (256) 

   2500-3499 52.7 (1 534) 59.8 (1 967) 63.2 (1 983) 63.2 (2 104) 

   3500-4499 40.2 (1 169) 32.3 (1 062) 28.2 (885) 27.6 (919) 

   ≥4500 1.7 (50) 0.9 (31) 0.5 (16) 0.5 (15) 

Resuscitation characteristics 

Resuscitation kit present  93.6 (2 728) 97.1 (3 194) 98.4 (3 092) 99.2 (3 307) <0.001c

Bag mask resuscitator present  97.8 (2 849) 98.7 (3 246) 99.1 (3 114) 99.4 (3 311) <0.001c

Stimulation 34.5 (1104) 40.4 (1 328) 37.2 (1 169) 26.2 (873) <0.001c 

Suction  28.1 (818) 31.4 (1 033) 31.4 (988) 23.6 (785) <0.001c 

Bag/mask ventilation  8.5 (248) 12.9 (426) 10.6 (333) 9.4 (313) <0.001c

APGAR 1 min 8.5 ±1.4 8.3 ±1.5 8.3 ±1.5 8.4 ±1.5 <0.001b

APGAR 5 min 9.7 ±1.4 9.6 ±1.5 9.6 ±1.5 9.6 ± 1.5 <0.001b

Low APGAR 1 min (APGAR ≤7) 9.8 (284) 13.3 (439) 12.5 (395) 11.9 (396) <0.001c

Low APGAR 5 min (APGAR ≤7) 4.2 (123) 6.1 (200) 5.6 (177) 5.6 (187)   0.010c

Perinatal outcome at 30 min <0.001c

   Normal 91.6 (2 667) 87.7 (2 886) 84.5 (2 654) 83.0 (2 766) 

   Admitted neonatal unit 6.9 (202) 10.9 (358) 13.9 (438) 15.5 (515) 

   Death 0.3 (10) 0.5 (17) 0.4 (11) 0.3 (11) 

   Fresh Stillbirth 1.2 (34) 0.9 (30) 1.2 (39) 1.2 (40) 

Neonatal outcome at 24 hd <0.001c
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   Admitted neonatal unit 6.9 (202) 10.9 (358) 13.9 (438) 15.5 (515) 

   Death 0.3 (10) 0.5 (17) 0.4 (11) 0.3 (11) 

   Fresh Stillbirth 1.2 (34) 0.9 (30) 1.2 (39) 1.2 (40) 

Neonatal outcome at 24 hd <0.001c
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   Normal 93.5 (2 720) 89.6 (2 904) 87.8 (2 715) 87 (2 856) 
   Still in Neonatal Care Unit 4.1 (118) 9.8 (318) 11.6 (358) 12.5 (411) 

   Death 1.0 (28) 0.6 (18) 0.6 (18) 0.4 (14) 

Fresh Stillbirth/30min/24h-mortalitye 2.5 (72) 2.0 (65) 2.2 (68) 2.0 (65) 0.466c

Early Neonatal Mortalityf  1.3 (38) 1.1 (35) 0.9 (29) 0.8 (25) 0.178c

a Values are given as mean± SD or percentage (number). 
b Kruskal-Wallis test.  
c Chi-square test. 
d Fresh Stillbirth is reported for perinatal outcome at 30 min. 
e Fresh Stillbirths, 30 min perinatal deaths and 24 h neonatal deaths. 
f Early neonatal mortality (30 min perinatal deaths and 24 h neonatal deaths). 
FST= Frequent skill training 

Run chart of newborns ventilated within the golden minute 

Figure 2: Newborns ventilated within the golden minute and median time from birth to ventilation 
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Figure 3: Run chart of median time from birth to start ventilation 

The percentage of newborns ventilated within one minute and time from birth to first ventilation are presented in Figures 2 

and 3. There is an increase in newborns receiving ventilation within the Golden Minute from 15.8% at baseline to 68.5% 

(p<0.001) during intervention, and a decrease, 68.5% -42.2%- 28.9% (p<0.001), from intervention to post-intervention 

periods (Table 4). Time from birth to first ventilation decreased from median 101 (quartiles 72-150) seconds in baseline to 55 

(45-67) seconds in the intervention period, and then increased to 67 (49-97) seconds and further to 85 (57-133) seconds 

during the post-intervention periods (Table 4).  

Most resuscitations were provided by midwives, increasing throughout the study period, 83.5%-92.7%-98.2%-97.1% 

(p<0.001) (Table 4). Healthcare workers who had trained using NeoNatalie Live in the last 7 days before conducting a real 

resuscitation, decreased throughout the study (64.7%-44.6%-6.7%-5.5%) (Table 4).  

Table 4. Resuscitation characteristics of newborns receiving bag/mask ventilation (n= 1 320) 

Period 1 
Baseline 

FST 

Period 2 
Golden Minute 

campaign 

Period 3 
Post intervention 

Period 4 
Post intervention 

P-value

01.10.17-31.08.18 01.09.18- 31.08.19 01.09.19-
31.08.20 

01.09.20-
31.08.21 

Newborns receiving BMV (n)  248 426 333 313 

Midwife providing resuscitation 83.5 (207) 92.7 (395) 98.2 (324) 97.1 (304) <0.001b

Healthcare Worker trained with 
NeoNatalie last 7 days 

64.7 (161) 44.6 (189) 6.7 (22) 5.8 (18) <0.001b

Time from birth to start BMV (seconds) 101 (72-150) 55 (45-67) 67 (49-97) 85 (57-133) <0.001c

BMV initiated within 60 seconds 15.8 (39) 68.5 (292) 42.2 (137) 28.9 (88) <0.001b

Perinatal outcome at 30 min <0.001b

   Normal 52.0 (129) 50.0 (213) 34.5 (115) 28.1 (85) 

10 

Figure 3: Run chart of median time from birth to start ventilation 

The percentage of newborns ventilated within one minute and time from birth to first ventilation are presented in Figures 2 

and 3. There is an increase in newborns receiving ventilation within the Golden Minute from 15.8% at baseline to 68.5% 

(p<0.001) during intervention, and a decrease, 68.5% -42.2%- 28.9% (p<0.001), from intervention to post-intervention 

periods (Table 4). Time from birth to first ventilation decreased from median 101 (quartiles 72-150) seconds in baseline to 55 

(45-67) seconds in the intervention period, and then increased to 67 (49-97) seconds and further to 85 (57-133) seconds 

during the post-intervention periods (Table 4).  

Most resuscitations were provided by midwives, increasing throughout the study period, 83.5%-92.7%-98.2%-97.1% 

(p<0.001) (Table 4). Healthcare workers who had trained using NeoNatalie Live in the last 7 days before conducting a real 

resuscitation, decreased throughout the study (64.7%-44.6%-6.7%-5.5%) (Table 4).  

Table 4. Resuscitation characteristics of newborns receiving bag/mask ventilation (n= 1 320) 

Period 1 
Baseline 

FST 

Period 2 
Golden Minute 

campaign 

Period 3 
Post intervention 

Period 4 
Post intervention 

P-value

01.10.17-31.08.18 01.09.18- 31.08.19 01.09.19-
31.08.20 

01.09.20-
31.08.21 

Newborns receiving BMV (n)  248 426 333 313 

Midwife providing resuscitation 83.5 (207) 92.7 (395) 98.2 (324) 97.1 (304) <0.001b

Healthcare Worker trained with 
NeoNatalie last 7 days 

64.7 (161) 44.6 (189) 6.7 (22) 5.8 (18) <0.001b

Time from birth to start BMV (seconds) 101 (72-150) 55 (45-67) 67 (49-97) 85 (57-133) <0.001c

BMV initiated within 60 seconds 15.8 (39) 68.5 (292) 42.2 (137) 28.9 (88) <0.001b

Perinatal outcome at 30 min <0.001b

   Normal 52.0 (129) 50.0 (213) 34.5 (115) 28.1 (85) 

10 

Figure 3: Run chart of median time from birth to start ventilation 

The percentage of newborns ventilated within one minute and time from birth to first ventilation are presented in Figures 2 

and 3. There is an increase in newborns receiving ventilation within the Golden Minute from 15.8% at baseline to 68.5% 

(p<0.001) during intervention, and a decrease, 68.5% -42.2%- 28.9% (p<0.001), from intervention to post-intervention 

periods (Table 4). Time from birth to first ventilation decreased from median 101 (quartiles 72-150) seconds in baseline to 55 

(45-67) seconds in the intervention period, and then increased to 67 (49-97) seconds and further to 85 (57-133) seconds 

during the post-intervention periods (Table 4).  

Most resuscitations were provided by midwives, increasing throughout the study period, 83.5%-92.7%-98.2%-97.1% 

(p<0.001) (Table 4). Healthcare workers who had trained using NeoNatalie Live in the last 7 days before conducting a real 

resuscitation, decreased throughout the study (64.7%-44.6%-6.7%-5.5%) (Table 4).  

Table 4. Resuscitation characteristics of newborns receiving bag/mask ventilation (n= 1 320) 

Period 1 
Baseline 

FST 

Period 2 
Golden Minute 

campaign 

Period 3 
Post intervention 

Period 4 
Post intervention 

P-value

01.10.17-31.08.18 01.09.18- 31.08.19 01.09.19-
31.08.20 

01.09.20-
31.08.21 

Newborns receiving BMV (n)  248 426 333 313 

Midwife providing resuscitation 83.5 (207) 92.7 (395) 98.2 (324) 97.1 (304) <0.001b

Healthcare Worker trained with 
NeoNatalie last 7 days 

64.7 (161) 44.6 (189) 6.7 (22) 5.8 (18) <0.001b

Time from birth to start BMV (seconds) 101 (72-150) 55 (45-67) 67 (49-97) 85 (57-133) <0.001c

BMV initiated within 60 seconds 15.8 (39) 68.5 (292) 42.2 (137) 28.9 (88) <0.001b

Perinatal outcome at 30 min <0.001b

   Normal 52.0 (129) 50.0 (213) 34.5 (115) 28.1 (85) 



11 

   Admitted neonatal unit 42.3 (105) 46.2 (197) 61.0 (203) 66.5 (208) 

   Death 2.4 (6) 3.1 (13) 2.7 (9) 3.5 (11) 

   Fresh stillbirth 3.2 (8) 0.7 (3) 1.8 (6) 2.9 (9) 0.074b 

Neonatal outcome at 24h <0.001b

Normal 66.4 (154) 55.7 (228) 45.6 (145) 41.3 (121) 

Still in Neonatal Care Unit 26.3 (61) 40.3 (165) 50.3 (160) 55.6 (163) 

Death 7.3 (17) 3.9 (16) 4.1 (13) 3.1 (9) 

Fresh Stillbirth/30min/24h-mortalityd 12.6 (31) 7.5 (32) 8.4 (28) 9.3 (29) 0.164b

ENM (30 min + 24 h-mortality) 9.3 (23) 6.9 (29) 6.7 (22) 6.6 (20) 0.564b

a Values are given as median (quartiles) or percentage (number). 
b Chi-square test. 
c Kruskal-Wallis test. 
d Fresh Stillbirths, 30 min perinatal deaths and 24 h neonatal deaths. 
FST= Frequent skill training 
BMV = Bag mask ventilation  
ENM=Early Neonatal Mortality 

For the subgroup of newborns receiving BMV, proportions of fatale outcomes (24-hour newborn deaths and FSB) over the 

study period were, 12.6%-7.5%-8.4%-9.3% (p=0.164). Comparing the baseline period with the intervention period, a 

significant reduction in perinatal mortality (FSB and 24-hour newborn deaths), 12.6%-7.5%, (p=0.03) was found. After 

adjustment for source of admission, antenatal problem, premature/term, mode of delivery, and fetal heart rate during labor, 

the change was no longer statistically significant (p=0.111). FSB decreased significantly from 3.2%-0.7% (p=0.013) in the 

intervention period and remained significant after adjustment for the same variables as above (p=0.034). 

There were no statistically significant changes in overall perinatal mortality (FSB and 24-hour newborn deaths), in 

unadjusted (p=0.468) or adjusted analyses (same variables as above; p=0.182).  

To our knowledge, there were no other changes in contextual factors during the study period that interacted with the 

intervention. 

Discussion 

Following implementation of a QI/simulation intervention (i.e. the Golden Minute Campaign) at a rural hospital in Tanzania, 

the proportion of non-breathing newborns ventilated within the Golden Minute increased from 15.8 to 68.5 percent and 

median time from birth to first ventilation decreased by 46 seconds. During the post-intervention period, with less organized 

simulations, time to start ventilation increased and less newborns were ventilated within the Golden Minute. The use of 

BMV, stimulation and suction increased from baseline to the intervention period and showed an opposite trend post-

intervention. Among those being ventilated, FSB rate decreased from 3.2 percent in baseline to 0.7 percent during the Golden 

Minute Campaign.  

Haydom has practiced simulation-based skill-training in newborn resuscitation for a decade through implementation of the 

HBB program. A previous study of nearly 8 500 trainings, demonstrated a decrease in ventilation pauses and reduced time 

from birth to start ventilation(20). Still, time to start ventilation remained around two minutes. Frequent HBB trainings prior 
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to the Golden Minute Campaign were typically individual skill-trainings, starting with the newborn simulator on the 

resuscitation table, focusing on ventilation techniques. In addition, several scenario team trainings were registered, but these 

were not guided by clinical learning objectives and the quality of the simulations are uncertain. Therefore, in 2018, the 

hospital management addressed the gap between HBB resuscitation guidelines and observed clinical performance, agreed on 

a goal for improvement, and launched the comprehensive QI/simulation campaign to reach this goal. The large increase in 

newborns receiving ventilation within the Golden Minute during the QI/simulation campaign, demonstrates that it is possible 

to achieve guideline adherence even for such a challenging and time-critical procedure as newborn resuscitation in a resource 

limited setting, consistent with findings from Nepal(11). Given the study design, it is difficult to weight the importance of 

simulation-training relative to the other QI interventions, but we speculate that the monthly data-guided scenario team-

trainings, led by skilled simulation facilitators, focusing on timelines from birth to start ventilation, was fundamental in 

changing this practice. After a near decade with no improvement in time from birth to start BMV, the midwives managed to 

halve this time in real situations. This is consistent with findings from studies of scenario team-training in comparable time-

critical procedures in emergency medicine(24–26). The newborn resuscitation scenarios were carefully adjusted to address 

identified challenges in clinical care, and we believe a combination of all the different QI efforts was necessary to finally 

achieve the reduction in time to start ventilation, concurring with previous findings and recommendations on QI efforts in 

healthcare(27–30). 

Furthermore, Figure 3 shows significantly less variation in time to start ventilation during the campaign compared to both 

baseline and post-intervention periods. This demonstrates the facilitators’ ability to include all healthcare workers, despite a 

high staff turnover, and enabling most providers to achieve guideline adherence. The local champions received formal 

facilitator training, through the Eu- Sim Level 1 course, prior to the Golden Minute Campaign, enabling them to provide 

high-quality training focusing on goal-oriented simulations in a safe learning environment. The dedicated and trained 

simulation facilitators/local champions were most likely a crucial factor for the present success in timely BMV. The 

importance of local champions when implementing changes in healthcare is well documented(31,32). Importantly, the 

QI/simulation intervention in the present study was multifaceted including systematic clinical debriefing, own data feedback-

loops and regular scenario simulation-training targeting identified gaps in clinical care. The QI efforts were assisted by the 

local champions and strongly supported by the hospital management. Previous studies highlight the importance of engaged 

leadership for successful QI processes(33,34).  

Several publications  have highlighted  the challenge of improving timely BMV across a variety of settings(6,7,9,10). 

Moreover, Branche et.al questions the achievability and thus relevance of the Golden Minute due to these known challenges 

in completing all the initial resuscitation steps within 60 seconds, regardless of access to resources(10). However, the clinical 

importance of rapid onset of ventilation in a low-resecured setting has previously been demonstrated by Ersdal et al, 

documenting an increased risk of death or prolonged admission by 16% for every 30-second delay in initiating BMV(5). 

Interestingly, the present study reports a significant decline in classified FSB and a trend towards lower perinatal mortality 
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concurrent with faster time to start BMV. Furthermore, we demonstrate that it is possible to start ventilation within 60 

seconds for the majority of non-breathing newborns.  

One of the strengths of the present study, is the two-year follow up after the campaign was completed. During the post-

intervention period, there were no monthly QI meeting and less focus on frequent simulation-based training, but the weekly 

reports on clinical data were continued. We document significant improvements from baseline to the HBB QI/simulation 

intervention period, that sustained two years after implementation. However, from intervention to post-intervention, there is a 

decline in non-breathing newborns ventilated within the Golden Minute and increased median times from birth to ventilation. 

This demonstrates the need for continued focus on QI/simulation and more research on which QI efforts are required to 

maintain the desired changes in clinical practice of newborn resuscitation over time(14).  

The QI efforts in our study took advantage of an already established research infrastructure and local competence and 

capacity in simulation. Extra costs related to data collection were minimal, only requiring some extra expenses for the 

tailored feedback analyses as part of the Golden Minute Campaign. The monthly meetings, however, did require human 

resources outside working hours, representing a challenge for sustainability. 

The number of newborns being ventilated at Haydom is higher than what is expected in high-resourced settings(35,36). Even 

at baseline, a proportion of 8.5 percent is considered high, and the proportion increases to almost 13 percent during the 

Golden Minute Campaign. This is likely due to enhanced awareness and confidence among the healthcare workers(37), and 

directly linked to earlier onset of ventilation of non-breathing newborns. During baseline, median time to start BMV was 

around two minutes, compared to less than a minute during QI intervention. We cannot claim that no newborns were 

ventilated unnecessary, but the trained research assistants have many years of experience looking carefully for signs of 

spontaneous breathing. None of the ventilated newborns were reported to have adequate breathing efforts before start of 

ventilation. Furthermore, the rate of (assumed) FSB was all-time low at Haydom during the QI intervention, indicating that 

the reported BMV frequency might reflect the actual need in this poor setting. Maternal and newborn vulnerability, and 

obstetric and newborn care, vary across settings, and the true proportion of non-breathing newborns who would benefit from 

BMV is probably unknown, thus making it difficult to compare BMV frequencies between settings. The BMV frequency at 

Haydom is comparable to similar resource settings (11).  

Two systematic reviews found no change in the use of stimulation and BMV following HBB implementation(8,35). 

However, several individual studies report increased frequency of BMV, and a reduction in unnecessary suctioning of non-

breathing newborns(7,11,38). Suctioning of clear amniotic fluid in newborn resuscitation is no longer recommended in the 

guidelines, and it seems that this change was not sufficiently addressed through the QI intervention in our study, which 

mainly focused on timely BMV(4,39).  

Interestingly, the proportion of resuscitations provided by midwives increased throughout the study period, and in the first 

post-intervention period 98.2 percent of resuscitations were performed by midwives. This might reflect increased self-
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confidence due to the QI/simulation intervention engaging all midwives in the ward, improving their clinical performance in 

newborn resuscitation(37). Individual skill-training declined during the study, and in the post-intervention periods, only 5.8 

to 6.7 percent of the healthcare workers providing BMV, had trained using NeoNatalie Live during the last 7 days before 

conducting a real resuscitation. Prior to the Golden Minute Campaign, in the baseline period, midwives had conducted nearly 

8 500 individual skill-trainings encouraged by local champions(21). The Golden Minute Campaign shifted the focus from 

individual skill-training to a more comprehensive simulation approach addressing the scenario and team-based challenge of 

reducing time from birth to first ventilation. Thus, a shift towards more scenario-team simulations and less individual skill-

training during the QI/simulation intervention was expected and in line with defined learning goals. However, the great 

reduction in training (both individual skill-training and scenario simulation-training) from intervention to post-intervention, 

was not anticipated and might demonstrate the importance of local champions on a continuous basis to ensure frequent 

trainings(14,18,40). A recent review highlights the challenge of making sustainable changes in real-life newborn 

resuscitations, partly due to lack of evidence on the optimal frequency and structure of efforts to prevent skill loss, which 

may vary across different clinical settings(14).  

Perinatal mortality (24-hour newborn deaths and FSB) did not show any significant change for all livebirths. However, 

observed proportions of fatale outcomes decreased for the subgroup of newborns receiving BMV, and FSB rate decreased 

from 3.2 percent in baseline to 0.7 percent during the Golden Minute Campaign. At the same time, there was a trend towards 

lower perinatal mortality, which was not statistically significant after adjustment. Importantly, perinatal outcome was a 

secondary outcome, and the study may lack statistical power to show a true difference for the given time period. Due to the 

increased number of non-breathing newborns ventilated within the Golden Minute, a reduction in perinatal mortality would 

be anticipated. The rationale for rapid onset of ventilation is the known pathophysiological mechanisms of birth 

asphyxia(41,42). Newborns with a “mild” degree of hypoxia/asphyxia  may respond to initial resuscitation steps, such as 

stimulation, and eventually start spontaneous breathing – even after the Golden Minute (5). However, newborns with a more 

“severe” hypoxia/asphyxia will not respond to stimulation alone and require ventilation to make the transition and initiation 

of own breathing(5,42). It may be difficult to quickly evaluate actual newborn status at birth and whether the newborn 

requires ventilation or not to finally start breathing (42). It is also difficult to clinically distinguish a true FSB from severely 

asphyxiated newborns who are still alive and in need of urgent ventilation(42). The reduction in FSB shown in the present 

study, indicates the potential of timely BMV for improved outcome for this patient group. 

The main strengths of this study are the large population size and follow-up through the post-intervention period. 

Furthermore, the rigorous data management system and the comprehensive data collection including detailed information on 

labor courses, resuscitation practice and newborn outcome, are quite unique. The main limitations are the multifaceted, non-

randomized, single-center design. All the simulation/QI interventions described are considered generalizable for other 

settings. However, the unique data collection system, using trained research assistants observing all births with stopwatches, 

is resource demanding and likely not an option for most places.  Haydom has practiced individual simulation training for a 
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decade, therefore the hospital management and staff were used to such learning methods, and this might have impacted their 

effective adoption of the simulation intervention. Settings with less experience in simulation practice might have achieved 

other results. 

Conclusion 

An HBB simulation-based QI intervention increased the proportion of non-breathing newborns ventilated within the Golden 

Minute by 4.5-fold, to 68.5 percent. Median time from birth to first ventilation decreased from 101 seconds to 55 seconds. 

Patient outcome improved, showing a reduction in FSB from 3.2 to 0.7 percent among those being ventilated, demonstrating 

the importance of timely BMV, especially for severely asphyxiated newborns. This study documents that it is possible to 

achieve adherence to newborn resuscitation guidelines during clinical care in low-resourced settings. Further research should 

focus on the optimal level of training frequency and structure of QI efforts to maintain a culture of frequent training and 

prevent skill loss over time. Mixed-methods design and/or qualitative studies can add valuable information in this regard and 

explore underlying reasons for the demonstrated changes.   
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