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Safer Births (www.saferbirths.com)  

A research, development and implementation project to improve fetal heart rate monitoring, 

newborn resuscitation and perinatal outcomes worldwide. The project has developed new 

innovative products and training methods to better equip and train healthcare workers and is 

establishing new knowledge related to birth. Data-collection has taken place at four study 

sites/hospitals in Tanzania from 2013-2018.  

Applications to REK Vest 

1) 2013 Main application - approved 

2) 2016 Amendment: expansion to 4 sites/hospitals and deferred oral consent  – approved 

3) 2017 Amendment: expansion of data collection period through 2018 – approved 

Collaborating Institutions  

Safer Births is a collaboration between several Tanzanian institutions, Stavanger University 

Hospital, SAFER, Laerdal Global Health, Laerdal Medicals, Weill Cornell Medical College, 

University of Stavanger, University of Oslo, Norwegian Institute of Public Health, The Arctic 

University of Norway, University of Bergen, and Trinity College. 

Size/funding 

The project has an overall budget (including in-kind contributions) of approximately 100 

million NOK with around 100 researchers/research staff and engineers. It is a 

multidisciplinary team-work involving neonatology, obstetrics, nursing, psychology/ 

pedagogics, mathematics, statistics, physics, human factors and engineering, amongst others. 

The project includes 11 PhD fellows, 13 Master students, and around 25 supervisors with a 

PhD. It was funded by Globvac - the Norwegian Research Council, The Laerdal Foundation, 

Saving Lives at Birth Grand Challenge, The Southern and Eastern Regional Health Trust, 

Stavanger University Hospital, Vision 2030 (Innovasjon Norge), SkatteFunn, and Laerdal 

Global Health (not-for-profit). 

Background and Objectives 

Globally, almost 3 million newborns die, and another 2.6 million stillbirths occur annually.  

Approximately 45% of the under 5-year child mortality are due to newborn deaths, often as a 

consequence of labor complications (birth asphyxia) and sub-optimal newborn care. 

Furthermore, 99% of stillbirths and newborn deaths occur in low- and middle-income 

countries. However, studies suggest that the majority of these deaths are preventable with 

appropriate, low-tech, affordable and easy-to-use tools and technologies coupled with simple 

training programs. In 2010-2012, the Helping Babies Breathe (HBB) educational program led 



to a 47% reduction in early newborn mortality and a 24% reduction in fresh stillbirths at 8 

study sites in Tanzania.1 However, 60-80% of the remaining mortality was still related to birth 

asphyxia.2 HBB course evaluations found that those who died often had fetal heart rate 

abnormalities,3 delayed start of bag-mask ventilation,4 and a need for prolonged bag-mask 

ventilation.4 Adequate fetal heart rate monitoring could prevent fresh stillbirths and birth 

asphyxia, but is difficult when the patient midwife ratio is high.3 Furthermore, correct bag-

mask ventilation is difficult to learn and a one-day HBB course did not facilitate transfer of 

skills and knowledge to clinical practice.5 However, additional short and frequent training 

sessions in the labour room did improve clinical management and early newborn outcomes.6 

Costs per life year gained were US$ 4.21 and costs per life saved were US$ 233 in a rural 

setting.7 In 2012, Safer Births was initiated as a collaboration between Stavanger University 

Hospital, Laerdal Global Health (a not-for-profit company established in 2010) and SAFER to 

help train and equip birth attendants worldwide and save newborn lives.  

 

Objectives of the Safer Births project 

Overarching objective 

To develop new knowledge and new innovative products to better equip and increase 

competence of health care workers for safer births and increased newborn survival worldwide 

Secondary main objectives 

1. To investigate the normal cardio-respiratory adaption at birth (from intrauterine to extra 

uterine life)  

2. To describe applied bag-mask ventilation (as it relates to flow, volume, pressure) and 

distal effects (expired CO2, and newborn heart rate) as it relates to newborn outcome 

3. To investigate the consequences of fetal heart rate abnormalities (i.e. intrapartum-related 

hypoxia) and appropriate interventions to prevent/reverse this process 

 

Methodology 

All necessary scientific registrations, approvals, and certificates were obtained before start of 

the project and each sub-study and before submission of each manuscript. All devices were 

CE certified ( ) and tested for compliance with the requirements of the EU Medical Device 

Directive and appropriate standards for electrical safety and performance. All devices were 

pre-clinically tested and approved according to Norwegian and Tanzanian rules.  

The timeline for data collection was March 2013 through October 2018. Four hospitals were 

involved: Haydom, Muhimbili, Temeke, and Dongobesh. All sub-studies and analyses were 

conducted according to protocols. Relevant health care workers were regularly trained and 

informed about the different sub-studies. Written and/or verbal consent were obtained as 

approved by the ethical committees (NIMR in Tanzania and REK). All patients were 

informed about the ongoing studies, and written, verbal and/or no consent were obtained as 

approved by the ethical committees. Data collection, management, transfer, processing, and 

storage were done according to standard operating procedures and protocols. 



Safer Births consisted of four parts: 

1. A descriptive/analytic observational cohort study using an automatic fetal heart rate 

monitor (Fig. 1) and a resuscitation monitor (Fig. 2) to capture and store biomedical signal 

data during labor and extending through neonatal cardio-respiratory adaption and 

resuscitation (Illustration 1) 

2. Training interventions and development of new training strategies and equipment to 

narrow knowledge/skills gaps identified in clinical practice (Illustration 1) 

3. Randomized controlled trials (RCT) comparing different equipment for fetal heart rate 

assessments during labor and different methods of bag-mask ventilation application 

4. Quantitative and qualitative evaluations of feasibility, acceptability, and user-friendliness 

of the different equipment 

 

                         

Fig 1. Fetal heart rate Monitor (Moyo)                Fig 2. Newborn Resuscitaiton Monitor 

 

 

Illustration 1. Collection of signal + video + observational data → Individualized training and feedback based on 

clinical performance → Digitalization + automatization → Machine learning + artificial intelligence 



The following research equipment were used: 

• The Pinard fetal stethoscope (Fig. 3) 

• A wind-up handheld Doppler for intermittent fetal heart rate detection (Freeplay, Fig. 4) 

• Laerdal Fetal Heart Rate Monitor (Moyo, Fig. 1) to strap on the abdomen of women in 

labor. The device recorded and stored fetal heart rate tracings for subsequent analysis 

• Laerdal Newborn Resuscitation Monitor (Fig. 2) to measure, synchronize, 

and store newborn heart rate and ventilation signals for subsequent analysis, 

and display the newborn heart rate 

• Laerdal Neonatal Resuscitator (standard bag-mask in use today)  

• Laerdal Upright Resuscitator  

• Laerdal Upright Resuscitator with PEEP (Positive End Expiratory   

Pressure) valve (Fig. 5)               Fig. 5. Upright with PEEP 

 

Results and Discussion 

Related to the overarching objective 

Several innovative products for training and treatment are developed. Our main partner in 

Tanzania, Haydom Lutheran Hospital, has seen a significant reduction in perinatal mortality 

during the project period. Statistical process controls methods (i.e. variable life-adjusted and 

cumulative sum plots) reveal a steady improvement in perinatal survival during the period.8 

Implementation of the HBB program and different Safer Births interventions/equipment can 

be linked to the increased perinatal survival.8 After adjusting for risk-factors among the 

delivering women over time, the extra number of newborns saved is 250.9 Increased newborn 

survival worldwide should be possible with a combination of HBB and available Safer Births 

products for treatment and training, supported by new published knowledge and updated 

international guidelines10-12 as a basis for local, national, and regional implementation 

programs.13-17  

 

Related to the secondary objectives 

The normal cardio-respiratory adaption at birth 

With the new dry-electrode heart rate sensor it has for the first time been possible to record 

immediate newborn heart rate at birth. The heart rate is increasing from 120-150 beats/minute 

during the first 45 seconds after birth, stabilizing around 155 beats/minute at 2 minutes.18  

Median time to start spontaneous breathing is 5 seconds from birth and >90% of those who 

start breathing without interventions, will start before 30 seconds after birth.4 Among 12 800 

normal/healthy newborns, the risk of death/admission decreased by 20% for every 10-second 

delay in cord clamping after start of breathing.19  

 

The applied bag-mask ventilation and distal effects as it relates to newborn outcome 

In the study period (March 1st 2013 to October 31st 2018) at Haydom hospital, 22 199 

consecutive deliveries were observed and recorded, 1657 apneic newborns were bag-mask 

ventilated, and the newborn resuscitation monitor was used in 1582 cases. These data have 

served as a basis for several descriptive sub-studies and analyses, e.g. to describe the 

abnormal transition from intra- to extrauterine life and characteristics and effects of bag-mask 

ventilation.20-30 Specifically, our research document that the progression to fresh stillbirth or a 



severely asphyxiated newborn is likely part of the same intrapartum hypoxic circulatory end-

process.20 Distinguishing fresh stillbirths from severely asphyxiated newborns is clinically 

difficult and probably influences estimated global perinatal mortality rates.20 During newborn 

bag-mask ventilation (without PEEP), higher than expected/recommended tidal volumes lead 

to a rapid increase in newborn heart rate,21 which is also beneficial for neonatal outcome.22,23 

Newborn heart rate and delivered tidal volume (and continuous ventilation) are therefore 

important predictors of newborn outcomes, and newborn heart rate was appreciated by the 

midwives as a useful feedback during resuscitation.24  

The optimal timing of cord clamping in non-breathing newborns in need of resuscitation 

remains unclear. We failed to demonstrate a relationship between time to cord clamping and 

onset of breathing (after stimulation/suction) or initiation of ventilation and 24-hour 

outcomes.25 However, there is a significant increase in risk of death/admission (12%-16%) for 

every 30-second delay in initiation of bag-mask ventilation.4,25  

Presumed causes of death (within 7 days after birth) among admitted newborns at Haydom 

were birth asphyxia (60%), prematurity (15%), sepsis (15%) and congenital abnormalities 

(11%).2,26 Hypothermia (<36 degree Celsius) on admission is very common both in survivors 

and deaths, and a major contributor to morbidity and mortality.26,27  

 

Resuscitating a non-breathing newborn is perceived as very stressful, and frequent ventilation 

training and “being prepared” were reported as critical factors to improve clinical practice.24 

The Upright Resuscitator (Fig. 5) was designed with and without a PEEP function. Both 

devices were tested in pre-clinical studies using the newborn simulator, NeoNatalie (Fig 6), 

before being introduced in two consecutive RCTs at Haydom hospital. The Upright 

Resuscitator was more easily handled and accepted by untrained 

personnel, compared to the standard resuscitator,28 and they 

managed to provide adequate PEEP.29 In real newborn 

resuscitations, the use of Upright resuscitators without PEEP-valve 

as compared to standard resuscitators, resulted in delivery of 

slightly increased tidal volumes,30 which again is needed for a more 

rapid increase in newborn heart rate and better outcomes.21-23 More 

babies were classified as normal 30 minutes after birth if ventilated 

with Upright, as compared to standard resuscitator.30 Data from 

the second RCT at Haydom (rural site), comparing Upright 

Resuscitators with and without PEEP-valves, is still under 

analysis. The planned RCT at Muhimbili (urban site) comparing Upright Resuscitators with 

and without PEEP-valves was not feasible to conduct. 

 

Several descriptive studies are in progress, investigating the predicative value of end-

expiratory CO2 levels and association to outcome, importance of gasping, establishment of 

functional residual capacity during initial ventilation, lung compliance during ventilation, use 

of PEEP in real resuscitations, newborn heart rate distribution and changes during ventilation, 

ECG-signals in fresh stillbirths, reliability of Apgar scoring, effects of suctioning, head 

positions and hand-grips during ventilation, newborn resuscitation guideline (HBB) adherence 

in clinical practice, and finally effects of trainings on clinical practice and newborn outcomes. 

Fig 6. NeoNatalie and the 

Newborn Ventilation Trainer 



The Newborn Resuscitation Monitor (Fig. 2) was tested on piglets before being introduced in 

clinical care and research at Haydom hospital.31 The collected biomedical signal data 

(ventilation, ECG/heart rate, and acceleration) and the video data have been utilized by the 

biomedical data analysis group at the University of Stavanger to develop automatic 

algorithms for extensive analyses and interpretation of all the data.32-41 Exploratory analyses 

of ventilation signals and changes in heart rate signals,32,33 automatic detection and 

parameterization of ventilation signals,34 the relationship between characteristics of ventilation 

performance and newborn responses,35 and a state transition model of complex monitored 

health data,36 have been published. Furthermore, detection (and thereby 

more accurate investigation) of certain clinical activities (like 

stimulation and suctioning) based on the acceleration signal (in the 

ECG/heart rate sensor) is possible.37-40 Finally, algorithms for automatic 

object detection on the videos have been developed.41 This is the first 

step to further improve studies of the videos as a supplement to other 

recorded data and/or to answer several specific research questions 

related to clinical performance and quality of care.         Fig 7. NeoBeat 

 

The collected data have been used to develop the Laerdal Newborn Ventilation Trainer (Fig. 

6) and the NeoBeat newborn heart rate meter (Fig. 7). The above described signal data in 

combination with observed process/management and patient outcome data will be used to 

develop machine learning and artificial intelligence programs to further improve these 

training and treatment devices and learning/feedback strategies (Illustration 1).   

 

To investigate the consequences of fetal heart rate abnormalities and appropriate interventions to 

prevent/reverse this process 

Fetal heart rate abnormalities are strongly associated with fresh stillbirths and birth 

asphyxia.3,20,22,23,26,41 Fetal heart rate abnormalities were associated with a 2-fold and 3-fold 

increased risk of newborn death within the first 24 hours and 7 days, respectively.22,23 

Strategies to improve fetal heart rate monitoring to facilitate awareness of fetal distress, 

decision-making and timely obstetric actions are urgently needed.  

 

At the rural site, Haydom Hospital, an RCT comparing intermittent intrapartum fetal hart rate 

monitoring using the fetal stethoscope (Pinard, Fig. 3) versus the wind-up 

hand-held Doppler (Freeplay, Fig. 4) was conducted. No 

significant differences were found in abnormal fetal heart 

rate detections (3.1% versus 4.2%) and perinatal adverse 

outcomes (2.5% versus 2.4%).42 The midwives at Haydom  

Fig 3. Pinard         expressed that they were used to the fetal stethoscope and 

their preferences were influenced by training, experience, perceived 

reliability of a device, and convenience to use.43 Therefore, in the subsequent     Fig 4. Freeplay 

RCT, testing the use of Moyo (Fig. 1), Pinard was selected as the control arm, and abnormal 

fetal heart rate was detected much more frequently in the Moyo arm compared to the Pinard 

arm (8.1% versus 3.0%).44 Intrauterine resuscitation and cesarean section were performed 

more often in the Moyo arm, with a non-significant trend towards better perinatal outcomes, 



compared to the Pinard arm.44 Data from the before-after implementation of Moyo at the rural 

district hospital, Dongobesh, is still under analysis. 

 

At one urban site in Dar es Salaam, another RCT comparing intermittent intrapartum fetal 

heart rate monitoring using the fetal stethoscope (Pinard, Fig. 3) versus the wind-up hand-held 

Doppler (Freeplay, Fig. 4) was conducted at Muhimbili National Hospital. The use of Doppler 

lead to more abnormal fetal heart rate detections (6.0% versus 3.9%) and better perinatal 

outcomes among vaginally delivered newborns with detected abnormal fetal heart rate.45  

The new strap-on fetal heart rate monitor for automatic/continuous monitoring (Moyo, Fig. 1) 

was first introduced at Temeke District Hospital in the suburb of Dar es Salaam in a before-

after implementation study. Implementation of Moyo improved midwifery practice; there 

were lower rates of non-assessment/documentation of fetal heart rate after (2.2%) versus 

before (45.7%) implementation, more detection of abnormal fetal heart rates after (8.0%) 

versus before (1.6%), more and timelier obstetric responses and cesarean sections, and 

reduced number of newborns in need of resuscitation, compared to intermittent assessments 

using Pinard.46 A subsequent RCT testing Moyo versus hand-held Doppler was finally 

conducted at Muhimbili.47 Fetal heart rate abnormalities were detected more often in the 

Moyo arm (13.3% versus 9.8%), these were detected earlier, but time from detection to 

delivery was longer.47 Studies powered to detect differences in perinatal outcomes with timely 

responses are recommended.  

Qualitative studies from Dar es Salaam reveal that the use of Moyo positively affected the 

mothers’ birth experience, providing much needed reassurance of the wellbeing of the child 

and increased communication and attention from the midwives.48 Midwives experienced the 

Moyo training as useful, but asked for additional training in basic labour monitoring and 

management.49 The high turn-over of staff was mentioned as a huge challenge, since trained 

personnel were leaving, revealing the need for frequent training sessions.49 However, the 

midwives perceived Moyo as useful, improving the care, and making it possible to adequately 

monitor several laboring women at the same time and to react faster.50 They expressed a fear 

of being blamed for negative fetal outcomes and a lack of clarity about when Moyo should be 

used in a continuous manner.50  

 

Overall, fetal heart rate recordings using Moyo (Fig. 1) were collected from 3711 deliveries at 

Muhimbili, Temeke and Haydom hospitals. There are ongoing exploratory analyses of this 

signal data to better understand different fetal heart rate patterns, alarm settings, and optimal 

frequencies of intermittent assessments in different stages of labour in relationship to perinatal 

outcomes.  

 

Further data analysis/use, security, storage, and timelines 

Raw data will be securely stored in locked cabinets at the different study sites in Tanzania for 

5 years. De-identified (pseudonymised) copies of electronic databases, video-data, and 

processed biomedical signal data will be stored on a safe research server under the 

governance and responsibility of Stavanger University Hospital and the Principal Investigator 



Hege Ersdal. There are still several complex hypotheses, research questions, and 

digital/technological innovations that are possible to explore/develop using a combination of 

the different data-sets. Therefore, we would like to store the data for 10 years – through 2028. 

A data risk assessment according to the new GDPR legislation has already been undertaken.  
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