	QUESTION

	Respiratory function monitor (RFM) feedback during neonatal resuscitation training

	POPULATION:
	Trainees or health care professionals who receive neonatal resuscitation training

	INTERVENTION:
	Use of a respiratory function monitoring device (RFM) during simulation training

	COMPARISON:
	no use of RFM device during simulation training

	MAIN OUTCOMES:
	Outcomes: 
Training performance (measured in simulation setting):
· Knowledge at training conclusion, up to 1 year and beyond 1 year (important)
· Skill performance at training conclusion, up to 1 year and beyond 1 year (important). Outcomes related to skill performance included mask leak, tidal volume (VT), peak inflation pressure (PIP), ventilation rate, positive end expiratory pressure (PEEP), time to effective ventilation, duration of sustained effective ventilation, and time to identify and correct any problems with PPV. These outcomes were evaluated at various time points, including during and immediately after the training session, and at various follow-up intervals up to a maximum of three months after the initial training.
Transfer to clinical performance (measured in delivery room (DR) setting):
· Quality of performance in actual resuscitations. (critical)
Clinical outcomes (effectiveness of training in improving clinical outcomes):
· Patient survival (critical)
· Respiratory clinical outcomes during PPV in the DR (important)
· Time to heart rate ≥ 100 breaths per minute. (important)
Financial outcomes:
· Cost-effectiveness of using RFM in neonatal resuscitation training (important) 

	SETTING:
	Simulation-based training setting

	PERSPECTIVE:
	Training outcomes: the trainee; Clinical outcomes: the patient  

	BACKGROUND:
	The International Liaison Committee on Resuscitation has identified the need for high-quality randomized trials of training interventions that improve the effectiveness of resuscitation skills. PPV is a critical skill during neonatal life support, that must be performed effectively, to avoid harm from underventilation or overventilation. Mask PPV skills have been found to be poor even after training, indicating the need for better teaching methods and/or technology. {Wood 2013 344} RFM can be used to evaluate the effectiveness of face mask PPV. {Binder 2014 R120, O'Currain 2019 F582, Rød 2022 886775} RFM is capable of measuring and displaying VT, gas flow, airway pressure, and mask leak in real time. {Binder 2014 R120, O'Currain 2019 F582, Rød 2022 886775} 
This review is complementary to NLS 5360 -  Respiratory Function Monitoring for Neonatal Resuscitation – which examined the impact of RFMs during actual resuscitations on clinical outcomes. {Fuerch 2022 2666}

	CONFLICT OF INTERESTS:
	The following Task Force members and other authors declared an intellectual conflict of interest, and this was acknowledged and managed by the Task Force Chairs and Conflict of Interest committees: 
· Author Schmölzer has conducted and published articles related to respiratory function monitoring (RFM) during simulation. {Binder 2014 R120, Dvorsky 2023 e2022059839, Law 2024 217, Schmölzer 2011 F254, Schmölzer 2010 F393, Schmölzer 2019 151177, Wagner 2019 e20182441}
· Author Thio has conducted and published studies evaluating RFM in simulation. {Dalley 2024 100535, O'Currain 2019 F582}
These authors were excluded from participation in decisions about inclusion of studies and risk of bias adjudication for the articles that they have authored.


ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

	While most neonates breathe immediately after birth, a proportion require PPV, which can be lifesaving. PPV using a face mask is widely used at birth. Optimal mask PPV is a difficult skill to master. It requires recognition and correction of any gas leak around the mask, recognition of airway obstruction and prevention of under- and over-ventilation. {Kaufman 2013 , O'Donnell 2005 } Avoiding under- and over-ventilation requires awareness of VT, PIP, and ventilation rate. {Wood 2013 344} RFM devices provide real-time direct feedback on these variables, and when used in the setting of simulation-based task training they have the potential to improve trainees’ proficiency in PPV. {Binder 2014 F120, O'Currain 2019 F582, Rød 2022 886775} This feedback may be particularly valuable during face mask ventilation, because of the specific risks of leak between the mask and the face and of pharyngeal obstruction. Chest rise and fall has been shown to be an unreliable measure of tidal volume. {Aufricht 1993 139, Stenson 1995 257}  
	

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know

	Sixteen studies, including three RCTs {Data 2023 e2022060599, Dvorsky 2023 e2022059839, O'Currain 2019 F582}, five crossover RCTs {Binder 2014 R120, Gurung 2019 , Ikuta 2025 249, Law 2024 217, Ní Chathasaigh 2025 100937}, two observational studies with crossover designs {Tracy 2024 F535, Wood 2008 F380} and six other studies {Dalley 2024 100535, Kelm 2012 583, Loganathan 2025 66, Mazza 2017 e0186731, Ni Chathasaigh 2024 F505, Rød 2022 886775} were included in the systematic review. All studies were conducted in simulation settings and all examined PPV provided to term or preterm infant mannikin using a face mask, except one which assessed PPV via a tracheal tube. {Kelm 2012 583}
None of the included studies reported on any of the pre-specified critical outcomes namely, quality of performance in actual resuscitations and survival.
Outcomes in simulation of the PICOST question were assessed by three types of comparison. Comparison 1 most directly addressed the PICOST question by comparing the use of RFM with  a screen visible or concealed. Comparison 2 addressed transfer of skills from training with an RFM to performance without an RFM. Comparison 3 addressed the RFM use as an alternative to feedback from an instructor using an RFM or to enhance team leader feedback in a simulated resuscitation.  
Comparison 1.  RFM screen visible to the participants in the intervention group and masked in the control group during both training and outcome assessment phase. 
Three RCTs {Data 2023 e2022060599, Dvorsky 2023 e2022059839, O'Currain 2019 F582}, three crossover RCTs {Ikuta 2025 249, Law 2024 217, Ní Chathasaigh 2025 100937}, and three non-RCTs {Loganathan 2025 66, Tracy 2024 F535, Wood 2008 F380} addressed this comparison, although not all of the presented data were suitable for meta-analysis. One study assessed skill retention at follow up. {Dalley 2024 100535}
Face Mask Leak (important)
Evidence from RCTs:
The use of RFM with  screen visible during training probably reduced the mean percentage of mask leak (measured as a proportion of inspired VT) when participants were assessed at the completion of training. Mean mask leak was 43.8% in participants when the RFM screen was concealed and absolute risk difference (ARD) was 21% lower (95% confidence intervals (CI) 32% lower to 9% lower) when the RFM screen was visible in 2 RCTs including 499 participants; moderate certainty evidence, downgraded for serious inconsistency. {Dvorsky 2023 e2022059839, O'Currain 2019 F582}. 
Evidence from non-RCTs and cross-over RCTs:
The use of RFM with screen visible during training probably reduced the mean percentage of mask leak (measured as a proportion of inspired VT). Mean mask leak was 37.2% when the RFM screen was concealed and ARD was 7% lower (95% CI 14% lower to 1% lower) when the RFM screen was visible in 3 non-randomized studies including 108 participants; moderate certainty evidence, downgraded for serious imprecision. {Law 2024 217, Ní Chathasaigh 2025 100937, Wood 2008 F380}
Tidal volume (VT) (important)
Evidence from RCTs: 
The use of RFM with screen visible during training probably increased the delivered VT (measured as expiratory VT in mL). Mean VT was 18.2 mL when the RFM screen was visible vs 14.9 mL when the screen was concealed, (mean difference (MD) 3.5 mL, 95% CI 2.4 mL higher to 4.6 mL higher) in 1 RCT including 388 participants, moderate certainty evidence, downgraded for serious imprecision. {O'Currain 2019 F582}
Peak inflation pressure (PIP) and inflation rate
In RCTs and non RCTs that reported PIP and inflation rate there was either little or no difference, and certainty of evidence ranged from very low to moderate. {Dvorsky 2023 e2022059839, Ikuta 2025 249, Kelm 2012 583, Law 2024 217, Mazza 2017 e0186731, Ní Chathasaigh 2025 100937, Ni Chathasaigh 2024 F505, O'Currain 2019 F582, Wood 2008 F380} In one study, the use of RFM with screen visible possibly increased the proportion of inflations delivered to a term manikin using a self-inflating bag within a PIP range of 20-35 cm H2O (very low certainty evidence). {Mazza 2017 e0186731}
Table 1. Improvement in face mask leak and tidal volume with use of an RFM for training.  
	Outcomes
(importance)
	Participants
(studies)
	Certainty of evidence (GRADE)
	Anticipated absolute effect (95% CI)

	
	
	
	Mean* with RFM screen concealed
	Mean Difference (95% CI) 
with RFM screen visible

	Face mask leak 
(% of inspired VT)
(important)
	499 participants
(2 RCTs)
{Dvorsky 2023 e2022059839, O'Currain 2019 F582}
	Moderate
	 43.8% 
	21% lower
(32% lower to 9% lower) 

	
	318 participants
(2 crossover RCTs {Law 2024 217, Ní Chathasaigh 2025 100937} and non RCT {Wood 2008 F380}

	Moderate
	 37.2% 
	7% lower
(14% lower to 1% lower) 

	Tidal volume (VT) 
(mL or mL/Kg)
(important)
	388 participants
(1 RCT) {O'Currain 2019 F582}

	Moderate
	N/A
	3.5 mL higher
(2.4 mL higher to 4.6 mL higher) 

	
	204 participants 
(1 crossover RCT)
{Ní Chathasaigh 2025 100937}
	Moderate
	N/A
	1.1 mL higher
(0.3 mL lower to 2.5 higher)

	
	32 participants
(1 crossover RCT)
{Law 2024 217}
	Low
	N/A
	1.2 mL/kg** higher
(1.3 mL/kg** lower to 3.7 mL/kg higher)

	* Means were calculated from medians reported in studies {Wan 2014 135}
** Weights estimated by authors, not actual manikin weights



Effective ventilation (author’s definition) was probably achieved earlier and sustained longer, and the time to correct airway assessment (in conditions where gas leak or airway obstruction had been created in a manikin by the investigators) was probably reduced in one RCT including 300 participants {Data 2023 e2022060599} (moderate certainty evidence).
Three varied studies with small numbers of participants assessed whether the use of an RFM improved the provision of PPV within an investigator-defined range of safety. {Ikuta 2025 249, Loganathan 2025 66, Tracy 2024 F535} All three suggested improvement (very low certainty evidence).
Comparison 2. RFM screen masked during a baseline phase, visible to the participants during a training phase, and masked again in the outcome assessment phase. The outcome phase was compared to the baseline phase, to measure transfer of skills to performance when no RFM was available. 
Three single arm (pre- and post-training) studies including a total of 463 participants, {Mazza 2017 e0186731, Ni Chathasaigh 2024 F505, Wood 2008 F380} measured this outcome. Two studies assessed skill retention at follow up. {Kelm 2012 583, Rød 2022 886775}
Tidal volume (VT)
The use of RFM during training probably improved delivered VT (or VTE) after training compared to before training, both with RFM concealed (MD 3.7 mL higher, 95% CI 3.1 mL higher to 4.3 mL higher) in one non-RCT including 412 participants; moderate certainty evidence, downgraded for serious risk of bias. {Ni Chathasaigh 2024 F505}

For all other outcomes reported, there was either no difference, or the certainty of evidence was very low, or both. {Kelm 2012 583, Mazza 2017 e0186731, Ni Chathasaigh 2024 F505, Wood 2008 F380}
Table 2. Transfer of skills acquired during training with a visible RFM to condition with concealed RFM
	Outcomes (importance)
	Participants (studies)
	Certainty of evidence (GRADE)
	Anticipated absolute effect (95% CI)

	
	
	
	Mean with RFM screen concealed
	Mean Difference (95% CI) 
with RFM screen visible

	Face mask leak 
(% of inspired VT)
(important)
	437 participants
(2 non-RCTs)
{Ni Chathasaigh 2024 F505, Wood 2008 F380} 
	Very low
	N/A 
	17% lower
(35% lower to 2% higher) 

	Tidal volume (VT) 
(mL or mL/Kg)
(important)
	412 participants
(1 non-RCT)
{Ni Chathasaigh 2024 F505}
	Moderate
	N/A
	3.7 mL higher
(3.1 mL higher to 4.3 mL higher) 

	* Means were calculated from medians reported in studies. {Wan 2014 135}



Four studies assessed whether training with a visible RFM improved the trainees provision of PPV within an investigator-defined range of safety when assessed after training with a concealed RFM. {Kelm 2012 583, Mazza 2017 e0186731, Ni Chathasaigh 2024 F505, Wood 2008 F380} One study utilised an intubated preterm manikin. {Kelm 2012 583} All four suggested improvement (very low certainty of evidence). 
Skill retention at follow-up: Two studies addressed this outcome at one month {Rød 2022 886775} and two months {Kelm 2012 583} after training. Results suggested that transfer and retention were not achieved, (very low certainty evidence).
Comparison 3. Inclusion of instructor/team leader’s feedback: Two studies addressed this comparison. {Binder 2014 R120, Dvorsky 2023 e2022059839} Binder et al. assessed a simulation scenario where manikins received chest compressions. Participants providing face mask ventilation received feedback from either an RFM screen or from a simulated team leader, or both. There was inconclusive evidence of better performance by the participant in response to feedback from a team leader using an RFM (very low certainty evidence). {Binder 2014 R120} 
Dvorsky et al recruited novice medical students to electively intubate a manikin in preparation for surgery. {Dvorsky 2023 e2022059839} The study suggested that verbal feedback from an instructor visualising an RFM may have improved inflations within a predefined target range and reduced mask leak (very low certainty evidence.) 
	

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
○ Small
○ Trivial
○ Varies
● Don't know

	None of the studies were designed to examine adverse outcomes in detail. Such adverse outcomes could include cognitive overload or excessive task load complexity, that might paradoxically lead to reduced retention of knowledge and skills. These concerns might be most important in inexperienced trainees and for those with lower psychological flexibility. {Beattie 2022 3467}
One included study suggested that visual attention to the manikin was reduced by using an RFM, and improved by using a complementary LED light indicator for HR and ventilation quality. {Ikuta 2025 249}
One study compared two devices, one with coloured graphic display vs another which displayed flow curves. Only the coloured graphic display improved face mask leak {Ní Chathasaigh 2025 100937}
The design and location of the RFM device screens and the characteristics of the display varied between the included studies. This may impact on visual attention and cognitive load but it has not been sufficiently studied.  
	Optimal duration of attention on an RFM display is unknown.  
Devices that depend on user interpretation of waveforms or complex numerical displays may add additional levels of task load complexity. 

	Certainty of evidence
What is the overall certainty of the evidence of effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Very low
○ Low
○ Moderate
○ High
○ No included studies
	The overall certainty of evidence for the important outcomes was very low, although for a few outcomes the certainty of evidence was moderate. 
	


	Values
Is there important uncertainty about or variability in how much people value the main outcomes?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Important uncertainty or variability
○ Possibly important uncertainty or variability
● Probably no important uncertainty or variability
○ No important uncertainty or variability
	The Task Force considered that there would be no important uncertainty about the value of the critical outcomes, but no evidence was found for these. The relative importance of each of the specific training knowledge and skill outcomes has not been measured, nor has their relationship to resuscitation performance in clinical settings. However, it is likely that awareness of mask leak and the need to achieve optimal tidal volumes during PPV are key to performance in clinical settings.
	 

	Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know
	There was very low to moderate certainty evidence for improvement and no harms were demonstrated.
	


	Resources required

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large costs
● Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know
	The additional cost of implementing RFM in neonatal resuscitation training includes the RFM devices themselves, its accessories and maintenance, leak-free manikins, time & cost to train the trainers on RFM use, and the extended training time for learners. 
An Australian study reported that the cost of one RFM device ('Juno RFM') was approximately 950 USD (2025 base value) {Dalley 2024 100535} Another study from Tanzania calculated the cost of another RFM device (“AIR”) to be 125 USD {Ali 2020 }
	The approximate costs of RFM devices may vary based on device model and setting.

	Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
○ Moderate
○ High
● No included studies
	No included studies assessed or reported a full estimate of resources. 
	


	Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● No included studies
	No included studies reported the cost-effectiveness.
	One modelling simulation cost-effectiveness study (31), assessed the implementation of HBB program in Tanzania including the AIR RFM device. However, this study did not model the specific effects of the RFM. 

	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Reduced
○ Probably reduced
○ Probably no impact
○ Probably increased
○ Increased
○ Varies
● Don't know
	No studies evaluated effects in equity. 
There was insufficient data for subgroup analysis by study participants’ level of experience. 

	Most studies have been done in high-income settings. Equity might be increased if RFMs improved clinical performance of face mask PPV in settings where few other options are available. However the cost of the devices may be a barrier in low-resource settings. 

	Acceptability
Is the intervention acceptable to key interest-holders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know
	In one included study, clinicians of all experience levels reported a high level of satisfaction  with a training package including an RFM. {Dalley 2024 100535}
Participants in a Nepalese study also reported improved confidence in mask ventilation skills after participating in a training package including an RFM. {Gurung 2019 }
	A study nested within a clinical RCT,  reported high user satisfaction with the use of an RFM. {Kuypers 2023 63}

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
○ Yes
● Varies
○ Don't know
	The implementation of RFM in training is theoretically feasible because it has been utilised in studies in both high and low income countries, but its widespread implementation has not been reported.
	


SUMMARY OF JUDGEMENTS
	
	JUDGEMENT

	PROBLEM
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	DESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know

	UNDESIRABLE EFFECTS
	Large
	Moderate
	Small
	Trivial
	
	Varies
	Don't know

	CERTAINTY OF EVIDENCE
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	VALUES
	Important uncertainty or variability
	Possibly important uncertainty or variability
	Probably no important uncertainty or variability
	No important uncertainty or variability
	
	
	

	BALANCE OF EFFECTS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	Don't know

	RESOURCES REQUIRED
	Large costs
	Moderate costs
	Negligible costs and savings
	Moderate savings
	Large savings
	Varies
	Don't know

	CERTAINTY OF EVIDENCE OF REQUIRED RESOURCES
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	COST EFFECTIVENESS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	No included studies

	EQUITY
	Reduced
	Probably reduced
	Probably no impact
	Probably increased
	Increased
	Varies
	Don't know

	ACCEPTABILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	FEASIBILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know



TYPE OF RECOMMENDATION
	Strong recommendation against the intervention
	Conditional recommendation against the intervention
	Conditional recommendation for either the intervention or the comparison
	Conditional recommendation for the intervention
	Strong recommendation for the intervention

	○ 
	○ 
	○ 
	● 
	○ 


CONCLUSIONS
	Recommendation

	In training health care providers to perform neonatal resuscitation during simulation with manikins, where resources permit, respiratory function monitoring may be used as an adjunct to improve face mask ventilation skills (conditional recommendation, very low certainty of evidence).


	Justification

	The moderate certainty evidence for improvement in trainees’ awareness and performance in relation to mask leak and tidal volume suggested that utilizing RFMs during training in face mask ventilation can improve training outcomes. However, the overall evidence for transfer of skills, even immediately after training, to providing PPV to a manikin without a visible RFM display and of retention of skills after training was inconclusive and of very low certainty. No studies addressed effects of simulation-based training using an RFM on performance (with or without an RFM) in clinical settings after training, or on patient outcomes. There were also no studies that had comprehensively examined costs, cost benefits or effects on equity. Hence, resource implications may limit adherence to the treatment recommendation. 


	Subgroup considerations

	There were insufficient data for the following pre-planned subgroup analyses: type of RFM, type of PPV device, manikin type and operator experience. 


	Implementation considerations

	· Widespread implementation of RFMs in training will require specific training programs designed to make best use of the RFM.
· The training workforce (trainers or trainers-to-be) will also require specific training on RFM, which increases the task complexity for the trainer.
· A training budget will be required which will include not only devices and leak-free manikins, but also any additional training time for both trainers and trainees.


	Monitoring and evaluation

	RFM devices allow downloading of data which could potentially be used to monitor the effectiveness of training. 


	Research priorities

	· The best user-interface and location for display of RFM information
· Whether follow-up with high frequency, short duration reinforcement skill stations using an RFM improve transfer (both to skills without an RFM and to clinical settings) and retention, with or without enhancement by an instructor
· Whether the added cognitive load of having RFM data displayed affects overall operator or team performance during simulation 
· Costs and cost-effectiveness of routine use of RFMs in neonatal resuscitation
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