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Abstract
Aim: The aim of this study was to assess the resuscitators' opinions of the usefulness 
and clinical value of using a respiratory function monitor (RFM) when resuscitating 
extremely preterm infants with positive pressure ventilation.
Methods: The link to an online survey was sent to 106 resuscitators from six countries 
who were involved in a multicentre trial that compared the percentage of inflations 
within a predefined target range with and without the RFM. The resuscitators were 
asked to assess the usefulness and clinical value of the RFM. The survey was online 
for 4 months after the trial ended in May 2019.
Results: The survey was completed by 74 (70%) resuscitators of which 99% consid-
ered the RFM to be helpful during neonatal resuscitation and 92% indicated that it 
influenced their decision- making. The majority (76%) indicated that using the RFM 
improved their practice and made resuscitation more effective, even when the RFM 
was not available. Inadequate training was the key issue that limited the effectiveness 
of the RFM: 45% felt insufficiently trained, and 78% felt more training in using and 
interpreting the RFM would have been beneficial.
Conclusion: Resuscitators considered the RFM to be helpful to guide neonatal resus-
citation, but sufficient training was required to achieve the maximum benefit.
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1  |  INTRODUC TION

A respiratory function monitor (RFM) can be used during neonatal 
resuscitation at birth to guide respiratory support. AN RFM provides 
a real- time display of ventilation pressures, tidal volumes delivered, 
mask leak, airway obstruction, heart rate, oxygen saturation and 
inspired fraction of oxygen during assisted ventilation. It also dis-
plays tidal volumes during spontaneous breathing. Hence, an RFM 
enables resuscitators to deliver tidal volume- targeted ventilation 
and determine whether corrective steps to improve ventilation are 
successful, such as mask repositioning and pressure adjustments.1 
A number of manikin and clinical studies have shown that using an 
RFM in the delivery room improved the consistency of positive pres-
sure ventilation.2– 8 However, audits of resuscitation videos in 2010 
showed that resuscitators did not use an RFM consistently, as it was 
difficult to assimilate this additional information during neonatal re-
suscitation. Resuscitators emphasised that extra training was neces-
sary if they were to effectively use the RFM as part of standard care 
during neonatal resuscitation.9

The multi- centre randomised controlled trial of respiratory 
function monitoring during stabilisation of preterm infants at birth 
(MONitoR trial)10 investigated the use of an RFM during neonatal 
resuscitation of extremely preterm infants at birth. It reported that 
with access to the visual display and physiological data provided by 
the RFM, there were no differences between the RFM and no RFM 
groups in the percentage of inflations within a predefined expired 
tidal volume target range or in the number of adjustments made to 
the ventilation settings. An ancillary study reported that resuscita-
tors directed 29% of their total visual attention to the RFM when 
it was visible.11 Therefore, it was unclear whether the resuscitators 
considered that the RFM provided helpful and beneficial guidance 
during neonatal resuscitation. As resuscitators become more famil-
iar with RFMs, their opinions of them may have changed.

The aim of this follow- up study was to assess the resuscitators' 
opinions of the usefulness and clinical value of the RFM they used 
for neonatal resuscitation during the MONitoR trial.

2  |  METHODS

This was an online survey that explored the experiences of resusci-
tators from seven neonatal intensive care units in six countries who 
took part in the multicentre MONitoR trial from October 2013 to 
May 2019.10 It included participants from the Netherlands, Australia, 
Germany, Spain, Italy and the USA. The aim of that study was to 
compare two groups resuscitating extremely preterm infants born 
at 24– 27 weeks of gestation with positive pressure ventilation. One 
group used the RFM, and the other group did not. The authors ana-
lysed data on 288 infants and 51 352 inflations.10

During the MONitoR trial, the ALD resuscitation monitor 
(Advanced Life Diagnostics, Weener, Germany) displayed the fol-
lowing parameters (Figure 1): peak inspiratory pressure, positive 

end- expiratory pressure, respiratory rate, inspiratory and expiratory 
tidal volumes, mask leak, heart rate, pulse oxygen saturation, frac-
tion of inspired oxygen and time since birth. Most sites also video- 
recorded the resuscitations. The pressure, flow, expiratory tidal 
volume (ml/kg) and pulse- oximetry plethysmograph waves were 
displayed. The expiratory tidal volume target range (4– 8 ml/kg) was 
displayed using two horizontal red lines. All personnel involved in 
the trial were trained in the use of the RFM by local neonatologists 
at each participating centre before the trial started.10

The principal investigators involved in the MONitoR trial10 pro-
vided a list of 106 resuscitators, who had taken part in the trial and 
were accredited to provide respiratory support to very preterm in-
fants at birth using the RFM. They were approached by email and 
invited to complete the online survey, which ran for 4 months after 
the MONitoR trial finished. This survey (Appendix S1) consisted of 
13 multiple choice questions that were sub- divided into six sections: 
provider demographics (three items), RFM screen (one item), training 
(three items), interpretation of different scenarios (two items), clini-
cal value of the RFM (three items) and suggested improvements (one 
item). Resuscitators had the opportunity to explain their answers 
and provide recommendations on training, usefulness and suggested 
improvements in an open text field. Another open question allowed 
the respondents to provide feedback on any other aspect of the 
RFM.

The four- month survey was hosted by the Castor online platform 
(Castor EDC, Amsterdam, the Netherlands). Resuscitators were in-
formed that completion of the survey demonstrated consent to par-
ticipate, analyse their responses and use them for publication.

Quantitative data were analysed using SPSS Statistics, version 
25 (IBM Corp, New York, USA). Categorical data are presented as 
numbers and percentages. Qualitive data were analysed using con-
tent analysis.

The study was conducted according to the principles of 
the Declaration of Helsinki and approved by the Ethics Review 
Committee of Leiden University Medical Centre (N20.155).

Keynotes

• An online survey collected feedback on using a res-
piratory function monitor (RFM) when resuscitat-
ing extremely preterm infants with positive pressure 
ventilation.

• Most (99%) of the 74 respondents said that the RFM was 
helpful during neonatal resuscitation and 76% indicated 
that it improved their practice and made resuscitation 
more effective.

• However, 45% felt insufficiently trained and 78% felt 
more training in using and interpreting the RFM would 
have been beneficial.
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3  |  RESULTS

3.1  |  Study population

The link was sent to 106 eligible resuscitators and 74 (70%) com-
pleted the survey (Figure 2). Their professional levels were as fol-
lows: residents (16%), physician assistants (5%), neonatology fellows 
(18%) and neonatologists (61%). Half of the respondents were in-
volved in 10– 30 RFM- guided resuscitations per year. Most respond-
ents (92%) agreed that the main potential clinical benefit of using the 
RFM in the delivery room was delivering more effective ventilation.

3.2  |  Training and auditing

Of all the respondents, 45% felt they had insufficiently training in 
the use of the RFM and 78% felt more training in using and interpret-
ing the RFM would be beneficial. Many felt that this should entail a 
digital introductory course, simulation sessions, regular reviews of 
neonatal resuscitations and the opportunity discuss interesting RFM 
data and videos with different centres (Table S1).

Two- thirds of the respondents (66%) stated that they had the 
opportunity to review their resuscitations with the team involved at 
least once a month.

3.3  |  Use of the RFM

Most respondents (87%) stated that they looked at the data provided 
by the RFM during neonatal resuscitation. The most commonly cited 
parameters that were used to guide resuscitation by respondents 
were as follows: mask leak (%), tidal volume (graph), pulse oxygen 
saturation (%) and heart rate (beats per minute; Table S2).

3.4  |  Interpreting the RFM and its effect on 
decision- making

Most respondents (81%) indicated that information from the RFM 
was used by both the airway provider and the resuscitation leader 
during resuscitation. The vast majority (99%) considered the RFM 
to be helpful to guide ventilation during neonatal resuscitation and 

F I G U R E  1  Respiratory function monitor display. Numeric data displayed on the left side of the screen include peak inspiratory pressure 
(cm H2O), positive end- expiratory pressure (cm H2O), flow (L/min), respiratory rate (inflations per minute), expired and inspired tidal volume 
(ml/kg) and mask leak (%). Waveform data displayed in the middle of the screen include inflation pressure (cm H2O), flow (mL/min), expired 
tidal volume (ml/kg) and the plethysmograph of the pulse oximeter. The red horizontal lines in the expiratory tidal volume waveform 
delineate the target range of 4– 8 ml/kg. The right side of the screen includes the camera view, oxygen saturation (%), heart rate (pulse rate, 
beats per minute), fraction of inspired oxygen (%) and the time (min:sec) from birth. The data displayed on the screen represent real- time 
values of each respiratory parameter at the vertical red line at the right end of the waveform data.
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most (92%) indicated that it influenced their decisions and/or actions 
during resuscitation. The majority (76%) believed that the knowledge 
gained by using the RFM during resuscitation, and retrospective re-
views of resuscitations with supportive RFM data, reinforced their 
decisions and/or actions during resuscitation. They also stated that 
their experience with the RFM would theoretically guide their ac-
tions during future resuscitations, even if the RFM was unavailable.

Respondents reported that the RFM provided information and 
direct feedback on mask leak, expired tidal volumes during ventila-
tion, airway obstruction and spontaneous breathing. In addition, the 
indirect feedback that they received by retrospectively reviewing 
neonatal resuscitations enabled them to learn from colleagues and 
increase their knowledge of the physiology of breathing and factors 
that influence ventilation at birth (Table S3).

3.5  |  Suggested improvements

The majority of respondents (61%) would not change the current 
RFM display and data outputs. A less complex interface was the 
most frequent suggestion and was mentioned by 15% of the re-
spondents (Table S4).

Other feedback included that the mask ventilation could be ham-
pered by the heavy top that the flow sensor created between the 
T- piece and the face mask. Other findings from this survey included 
a request for improved communication between centres on their 
experiences with the RFM and better customer support from the 
manufacturer.

4  |  DISCUSSION

We conducted a survey of users' experience of the RFM in order 
to assess its clinical usefulness during neonatal resuscitation. The 
respondents had all participated in the largest clinical trial of this 
device.10 Most said they used the RFM to guide their ventilation and 
valued constructive and objective feedback when data from individ-
ual cases were reviewed as part of quality improvements and train-
ing activities. The survey highlighted the need for improved training, 
as a large proportion of respondents felt insufficiently trained to ef-
fectively use and interpret data from the RFM. As most respondents 
would not change the current RFM design, the findings from our 
survey suggest that training should focus on appropriate interpreta-
tion of data and tips on troubleshooting common scenarios. These 
could include identifying and correcting airway obstruction, leak 
or excessive tidal volumes. Most of the participants recommended 
regular reviews, at least monthly, to share knowledge gained from 
the recordings.

Most of the respondents would like to receive more training in 
using and interpreting the RFM during neonatal resuscitation. The 
need for extra training on using the RFM used in our multi- centre 
MONitoR trial was also reported by Schilleman et al.9 Previous stud-
ies12– 16 have showed that knowledge and skills diminish 2– 4 months 
after completing neonatal resuscitation training and that booster 
sessions and activities are needed. Regular reviews of recordings 
of neonatal resuscitations may be useful, as this would improve the 
skills needed for successful delivery room management.13,17 These 
related to cognitive skills, such as knowledge of physiology and clin-
ical decision- making, technical skills, including mask techniques and 
interpreting RFM signals, and behavioural skills like communication. 
Having combined these results with the feedback from our respon-
dents, we suggest the following regime for RFM training. First, there 
should be an introductory course in using and interpreting the RFM. 
Second, simulation sessions should be held. Third, resuscitators 
should review their own resuscitations with a local expert, as part 
of monthly resuscitation reviews highlighting the interpretation of 
RFM data.

Most respondents agreed that the main clinical benefit of using 
the RFM in the delivery room was the potential to deliver more ef-
fective ventilation. However, our multi- centre randomised controlled 
trial reported no differences between the RFM and no RFM group in 
the percentage of inflations within a predefined expired tidal volume 
target range or in the number of adjustments made to ventilation set-
tings.10 The lack of effect may have been due to insufficient training 
before using the RFM and lack of training opportunities throughout 

F I G U R E  2  Flow chart
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the 6- year study period. Whether the results may also have been in-
fluenced by the gained knowledge to theoretically guide ventilation 
remains uncertain.

This survey found that 15% of the respondents would have 
preferred the RFM to have a simpler visual interface. Based on the 
most frequently used parameters, and the proposed changes, the 
screen should at least provide information on key factors. These 
should be the applied pressures, coloured flow curves showing 
leaks and obstructions, a colour- coded graph showing tidal vol-
umes and heart rate, pulse oxygen saturation and fraction of in-
spired oxygen.

Using the RFM in the delivery room enabled resuscitators to 
objectively assess an infant's clinical condition and evaluate the ef-
fect of their resuscitative interventions. In addition, retrospective 
reviews of videos and RFM recordings of neonatal resuscitations 
enabled them to learn from their colleagues' experiences. Den Boer 
et al. studied the benefits of recording and reviewing neonatal resus-
citation. The authors reported that indirect feedback was valuable 
for reassurance and self- improvement and reflecting on compli-
ance with guidelines. It also taught resuscitators to only intervene 
when necessary during neonatal resuscitation.13 However, there are 
two questions that need to be answered before claims about the 
clinical validation and utility of the RFM used in this study can be 
made. These are whether interpreting the data leads to appropriate 
decision- making and whether clinical reviews improve provider per-
formance during neonatal resuscitation, independent of the avail-
ability of the RFM. The evidence so far shows that using the RFM in 
the delivery room has raised clinically important research questions 
and provided insights into scientific knowledge gaps.17,18

Our exploratory survey had several limitations. The training and 
review strategies and the total number of resuscitations performed 
using the RFM differed by centre. Although this influenced our re-
sults, it also enabled us to provide realistic and generalisable recom-
mendations for using this RFM in the delivery room.

To guide resuscitation and influence decision- making, resuscita-
tors require knowledge about the physiology of neonatal transition 
and the factors that influence ventilation. They also need practice 
assimilating and interpreting the physiological measurements so that 
they can integrate the information displayed by the RFM. This is a 
skill that may be learned through simulation training and real- time 
resuscitations, as well as reviewing them. Further research is nec-
essary to evaluate whether sufficient and continuous training and/
or a simplified visual interface would improve the helpfulness and 
effectiveness of the RFM.

5  |  CONCLUSION

The resuscitators who took part in our online survey reported that, 
overall, the RFM was a helpful tool to guide resuscitation. However, 
most of them felt that additional training was required in order to 
achieve the greatest benefits.
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