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Question: Ventilation with a lower rate compared to ventilation with a higher rate for children receiving assisted ventilation during cardiac arrest
Setting: 
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	Survival with good neurological outcome

	1
	non-randomised studies
	seriousa
	not serious
	seriousb
	seriousc
	
	14/29 (48.3%) 
	15/18 (83.3%) 
	OR 4.73
(1.17 to 19.13)
	126 more per 1000
(from 21 more to 156 more)
	-a,b,c
	CRITICAL

	Survival to hospital discharge

	1
	non-randomised studies
	seriousa
	not serious
	seriousb
	seriousc
	
	14/29 (48.3%) 
	15/18 (83.3%) 
	OR 4.73
(1.17 to 19.13)
	126 more per 1000
(from 21 more to 156 more)
	-a,b,c
	CRITICAL

	Return of spontaneous circulation

	2
	non-randomised studies
	seriousa,d
	not serious
	seriousb
	seriousc
	
	5/16 (31.3%) d
	25/36 (69.4%) d
	OR 4.64
(1.32 to 16.27)d
	219 more per 1000
(from 56 more to 279 more)
	-a,b,c,d
	CRITICAL


CI: confidence interval; OR: odds ratio
Explanations
a. Serious risk of bias due to confounding and deviations from intended intervention (RoBINS-I).
b. Data from 1 PICU center
c. Small sample n=47
d. Stanton 2025 reported an association between higher delivered ventilation rates and ROSC in pediatric out-of-hospital cardiac arrest with advanced airway (9.2 vs 7.0 breaths/min; p<0.001). Although consistent in direction with prior evidence, the data were descriptive and not adjusted for confounders; therefore, the study was rated at serious risk of bias and not pooled quantitatively.



	QUESTION

	Should ventilation with a lower rate vs. ventilation with a higher rate be used for children receiving assisted ventilation during cardiac arrest?

	POPULATION:
	children receiving assisted ventilation during cardiac arrest

	INTERVENTION:
	ventilation with a lower rate 

	COMPARISON:
	ventilation with a higher rate

	MAIN OUTCOMES:
	Survival with good neurological outcome; Survival to hospital discharge; Return of spontaneous circulation;

	SETTING:
	

	PERSPECTIVE:
	

	BACKGROUND:
	


	CONFLICT OF INTERESTS:
	



ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Ventilation delivery during pediatric cardiac arrest is a core component of high-quality CPR, yet optimal ventilation parameters remain uncertain. Existing evidence shows wide variability in actual ventilation practice and suggests that ventilation parameters—including rate, tidal volume, and interaction with airway strategy—may influence hemodynamics, gas exchange, ROSC, and survival. Multiple recent observational studies in adults demonstrate associations between ventilation parameters and outcomes, and the most recent pediatric in-hospital and out-of-hospital studies (Sutton 2019; Stanton 2025) report that higher delivered ventilation rates are associated with improved ROSC and survival outcomes, although certainty is very low. Despite this, no pediatric randomized trials exist, no comparative evidence informs tidal volume, inspiratory time, or PEEP during CPR, and practice variation remains substantial.
	Effective ventilation is essential in pediatric cardiac arrest given the predominance of respiratory etiologies. Suboptimal ventilation (both hypo- and hyperventilation) has been linked in prior research to hypotension, impaired gas exchange, and reduced survival, underscoring the relevance of this question for improving CPR quality. The lack of clear evidence-based targets for key ventilation parameters creates uncertainty in clinical practice and highlights the need for evidence synthesis.
Given the clinical importance, observed practice variability, and emerging but incomplete data, the Task Force agreed this is a high-priority area for evaluation.

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Observational pediatric data (IHCA and OHCA) suggest that higher ventilation rates, within or slightly previous pediatric guideline ranges, are associated with higher odds of ROSC and survival with good neurological outcome (Sutton 2019; Stanton 2025). Adult observational studies and small RCTs also suggest that avoiding marked hypoventilation may improve gas exchange, hemodynamics, and survival. However, all pediatric data are observational, sample sizes are small, and estimates are imprecise, so the magnitude of benefit is very uncertain. 
	


	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Hyperventilation during CPR can decrease coronary and cerebral perfusion, lower arterial pressure, increase intrathoracic pressure, and potentially cause dynamic hyperinflation and barotrauma. These harms are well described physiologically and in adult experimental/observational work, but there are limited pediatric data directly quantifying these adverse effects. The Good Practice Statement emphasizes measuring ventilation rate and adequacy of tidal volume delivery and avoiding hypoventilation. Overall, the potential for physiologic harm is recognized but its magnitude remains uncertain.
	


	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 pediatric evidence consists of two observational studies (one IHCA, one OHCA) evaluating ventilation rate during CPR, both at serious risk of bias, with indirectness (restricted settings, advanced airway, specific monitoring) and imprecision due to small sample sizes. Adult data come from heterogeneous observational studies and small RCTs with similar concerns about risk of bias, inconsistency, and indirectness for pediatric practice. No pediatric comparative trials address tidal volume, inspiratory time, or PEEP. The TF therefore rated overall certainty as very low.
	


	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 main outcomes—ROSC, survival, and survival with favorable neurological outcome—are universally regarded as critically important by patients, families, and clinicians. These outcomes align with P-COSCA core outcomes and existing ILCOR priorities. There may be some variation in the relative importance placed on survival with significant disability versus death, but this is unlikely to materially affect decisions about ventilation parameters during CPR. 
	


	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

	Physiologic reasoning and available pediatric data suggest that avoiding hypoventilation is beneficial. Observational pediatric studies show associations between higher delivered ventilation rates and improved ROSC and survival. Given very low certainty evidence and lack of evidence to define an upper limit for ventilation rate, the Task Force issued 2 Good Practice Statements focused on reasonable ventilation rate targets by age, ensuring measurement of ventilation rate and adequacy of tidal volume delivery, and avoiding hypoventilation. 
	


	Resources required

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large costs
○ Moderate costs
● Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know

	Delivering ventilation to achieve reasonable ventilation rate targets in children with an advanced airway relies primarily on provider technique and training, not additional consumables. Measuring ventilation rate and adequacy of tidal volume delivery (e.g., waveform capnography, ventilator measures and impedance ) may require equipment that is not universally available, particularly in low-resource systems, but these tools are already in use in many pediatric resuscitation settings. Overall, resource implications are modest compared with other critical care interventions. 
	


	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

	In well-resourced systems, implementing the suggested ventilation rates and monitoring may be straightforward and could improve the quality of CPR. In low-resource settings where advanced airways and capnography are not consistently available, strict emphasis on monitored ventilation parameters could widen perceived gaps between guideline recommendations and what is feasible, potentially impacting equity. However, the Good Practice Statement focuses on avoiding obvious hypoventilation rather than mandating specific technology, which may mitigate inequity. The overall impact on equity is therefore uncertain. 
	


	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 studies were identified that directly evaluate the cost-effectiveness of specific ventilation parameters during pediatric cardiac arrest. Delivering ventilation to achieve reasonable ventilation rate targets with an advanced airway does not require additional consumables and can generally be implemented with existing equipment and personnel. Measuring ventilation adequacy (e.g., capnography or ventilator parameters or impedance measures) may add cost in systems where such tools are not already available, but these technologies are commonly used in many resuscitation settings and serve broader purposes beyond ventilation rate guidance. Because no formal economic evaluations exist and resource implications vary widely across settings, the overall cost-effectiveness of the intervention is uncertain. 
	


	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

	In well-resourced systems, implementing the suggested ventilation rates and monitoring may be straightforward and could improve the quality of CPR. In low-resource settings where advanced airways and capnography are not consistently available, strict emphasis on monitored ventilation parameters could widen perceived gaps between guideline recommendations and what is feasible, potentially impacting equity. However, the Good Practice Statement focuses on avoiding obvious hypoventilation rather than mandating specific technology, which may mitigate inequity. The overall impact on equity is therefore uncertain. 
	


	Acceptability
Is the intervention acceptable to key interest-holders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	The recommended ventilation rate targets are consistent with current pediatric resuscitation guidelines and with current practice in many systems. It is unlikely to conflict with patient or family values and is generally supported by clinicians who recognize the risks of both under- and over-ventilation during CPR. Emphasis on monitoring and avoiding extremes aligns with quality-improvement initiatives and is therefore likely acceptable to resuscitation teams and guideline developers.
	


	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Achieving reasonable ventilation rate targets in children with an advanced airway is feasible with appropriate training, team coordination, and the use of simple timing aids (e.g., metronomes or ventilator settings). Many systems already track ventilation performance using waveform capnography, ventilator readouts, or other monitoring tools, which can facilitate measurement of ventilation rate and adequacy of tidal volume delivery. However, consistent implementation may be challenging in crowded or low-resource environments, or where providers are unfamiliar with age-based ventilation targets or lack access to real-time measures. Overall, the Task Force judged the Good Practice Statements to be feasible to implement across most resuscitation settings, while acknowledging variability in resources and practice.
	



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

	· For children in cardiac arrest with an advanced airway, a ventilation rate greater than 25 breathes per minute (bpm) in children ≥1 year of age and a ventilation rate greater than 30 bpm in children <1 year of age may be reasonable targets. (Good Practice Statement).
· It is reasonable to measure ventilation rate and adequacy of tidal volume delivery and avoiding hypoventilation. (Good Practice Statement).
· There is currently no evidence to make a treatment recommendation on the upper limit for ventilation rate, tidal volume delivery, inspiratory time, and/or positive end-expiratory pressure during pediatric cardiac arrest. 
Remarks




	Justification

	· This topic was prioritized by the BLS, ALS, and PLS Task Forces as a nodal review based on multiple recent observational studies9, 10 demonstrating association between ventilation parameters and outcomes as well as several small randomized trials.   
· Ventilation during cardiac arrest encompasses multiple components including rate, volume, and monitoring, as well as airway devices, feedback, and integration with chest compressions. 
· The previous ILCOR systematic review on pediatric ventilation rates performed in 202415 did not identify any pediatric comparative studies evaluating specific ventilation rates, and therefore no direct pediatric evidence was available to guide rate recommendations.
· The Task Force discussed that this systematic review differed from earlier work in that it was now possible to include two pediatric observational studies6, 7, providing the first comparative pediatric data evaluating ventilation rate during cardiac arrest. In the prior review, these data could only be considered indirect, and treatment recommendations were based largely on adult evidence and physiologic rationale. Despite the addition of these studies, the Task Force noted that the certainty of evidence remains very low, derived exclusively from pediatric in-hospital settings with an advanced airway and capnography in place.
· The Task Force further discussed that the ventilation rates associated with improved outcomes in Sutton 20196 were inferred from spline-based analyses rather than from prespecified, randomized comparisons. The cubic spline analysis suggested stable survival between 25 and 35 breaths/min for children older than 1 year of age and between 30 to 50 breaths/min for children younger than 1 year old, the actual ventilation rates delivered in practice were frequently even higher, and the study design did not allow determination of a causal or optimal target for ventilation rates.
· While this analysis provides helpful physiologic and observational context, it remains exploratory and should not be interpreted as defining an optimal ventilation threshold. However, when considered together with the more recent out-of-hospital evidence7, which similarly observed higher mean ventilation rates among children who achieved ROSC albeit the breaths per minute rate were much lower, the Task Force supports the overall conclusion that higher—rather than lower—ventilation rates were associated with improved outcomes in the available pediatric data, although certainty remains very low.
· Because of these limitations, the PLS Task Force agreed that the evidence remained too indirect to establish an optimal ventilation rate in children, and that no comparative pediatric data exist to inform ventilation rate in out-of-hospital arrest or in non-intubated patients. No pediatric studies have evaluated optimal tidal volume delivery or PEEP during CPR.
· The use of the adult algorithm measuring ventilation using ETCO2 waveform capnography needs validation in pediatric patients. The study by Stanton 20257 suggested it was feasible to use, however ventilation rates observed in the study fall well below rates associated with the best outcomes.



	Subgroup considerations

	Age groups (infants vs. older children):
Pediatric ventilation physiology varies substantially by age. Infants have higher baseline metabolic and minute ventilation requirements, lower functional residual capacity, and are more sensitive to hypoventilation. Sutton et al. stratified ventilation thresholds by age (<1 year vs >1 year), and both age groups showed an association between higher delivered ventilation rates and improved outcomes..
Etiology of arrest (respiratory vs. cardiac):
Children with respiratory etiologies (e.g., asphyxia, drowning, bronchiolitis) may benefit more from avoiding hypoventilation, whereas children with primary cardiac etiologies may be more susceptible to the hemodynamic consequences of hyperventilation. Neither available pediatric study provides data stratified by etiology, so the Task Force could not make etiology-specific recommendations.
Setting (IHCA vs. OHCA):
IHCA (Sutton 2019) and OHCA (Stanton 2025) studies both show directionally similar associations between higher delivered ventilation rates and better outcomes, but absolute ventilation performance and monitoring capabilities differ across settings. OHCA care may be subject to more variability in provider experience and competence in airway management, limiting generalizability across settings.
Airway strategy (ETT vs. SGA vs. BMV):
The pediatric evidence informing the recommendation is limited to patients with advanced airways (almost entirely ETT or SGA). No comparative data exist for bag-mask ventilation or for comparing airway strategies. Therefore, the TF cannot assume similar ventilation dynamics or benefits in non-intubated patients.
Monitoring availability:
Both pediatric studies involved continuous ventilation monitoring—either impedance-based (Sutton) or capnography (Stanton). Systems without real-time monitoring may have wider variability in achieved rates, reducing the applicability of observed associations.
Comorbidities / pre-arrest physiology:
Children with chronic lung disease (e.g., prematurity complications, neuromuscular weakness) may have different optimal ventilation parameters, but no study provided subgroup analyses by comorbidity.


	Implementation considerations

	Implementing reasonable ventilation rate targets for children with an advanced airway during CPR requires attention to training, team coordination, and monitoring. Achieving consistent ventilation delivery can be challenging in high-stress resuscitation environments, particularly where multiple providers rotate through airway or ventilation roles. Systems that already use waveform capnography or ventilator-based monitoring may find implementation straightforward, as these tools provide real-time feedback on ventilation rate and adequacy of tidal volume delivery. In settings without continuous monitoring, simple aids such as metronomes, timed verbal cues, or structured role assignment may help avoid hypoventilation.
Because the evidence informing this recommendation was derived entirely from children with advanced airways and real-time ventilation monitoring, implementation may be more variable where supraglottic airways or bag-mask ventilation are used. Additional emphasis on training in pediatric airway management, ventilation timing, and minimizing excessive ventilation pressures is important in these contexts.
EMS systems and hospitals should consider incorporating ventilation rate targets into pediatric resuscitation checklists, cognitive aids, and debriefing tools. Integration of ventilation monitoring into quality-improvement programs (e.g., defibrillator downloads, capnography review) may support consistent performance. As equipment availability and staffing vary across settings, flexibility is needed to adapt implementation strategies to local resources. The recommendation does not mandate new technology and can be operationalized with existing equipment, but systems lacking ventilation feedback tools may benefit from investing in low-cost solutions to support correct ventilation delivery.



	Monitoring and evaluation

	Monitoring ventilation quality during pediatric CPR is essential to support delivery of reasonable ventilation rate targets and to avoid hypoventilation. Systems should track ventilation rate and adequacy using available monitoring tools, such as waveform capnography, ventilator-derived respiratory rates, or impedance-based measurements. When real-time monitoring tools are unavailable, post-event review of resuscitation records, monitor/defibrillator downloads, or capnography waveforms can provide valuable information on achieved ventilation performance.
Key indicators for monitoring include:
· Delivered ventilation rate (breaths per minute), ideally captured continuously
· Variability in ventilation rate across the resuscitation
· Availability and use of ventilation monitoring tools (e.g., capnography)
· Airway strategy used and its influence on ventilation performance
· Team adherence to assigned ventilation roles during resuscitation
· Post-event debrief data, including ventilation trends in relation to hemodynamics and EtCO₂
Programs with established CPR quality-improvement systems may incorporate these indicators into routine case reviews, debriefings, and performance dashboards. Pediatric-specific feedback, focused team training, and tracking of improvement over time can help reinforce correct ventilation delivery. As new evidence emerges, ongoing evaluation of clinical outcomes—especially ROSC, survival, and neurological outcome on discharge—will be important to assess the impact of ventilation practices and guide future refinements of recommendations.


	Research priorities

	On the basis of the identified knowledge gaps, the Task Force highlighted the following research priorities:


1. Define optimal ventilation rate targets in pediatric cardiac arrest.
· Conduct prospective observational studies and randomized or cluster-randomized trials comparing different ventilation rate ranges in infants and children, both in-hospital and out-of-hospital.
· Include both advanced airway and non-intubated patients (bag-mask ventilation, supraglottic airway) and report core outcomes (ROSC, survival, neurological outcome at hospital discharge).
2. Evaluate the delivery of tidal volume, inspiratory pressure, and PEEP during pediatric CPR.
· Perform physiologic and clinical studies that compare different tidal volume delivery and PEEP strategies, including minute ventilation targets, and examine their effects on oxygenation, hemodynamics, lung injury, and longer-term outcomes.
· Integrate continuous monitoring (e.g., capnography, airway pressure, blood gases, thoracic impedence) to understand mechanisms.
3. Characterize the physiologic consequences of hypo- and hyperventilation.
· Undertake detailed physiologic studies (clinical and, where necessary, translational) to describe how different ventilation patterns during CPR affect PaCO₂, PaO₂, pH, cerebral perfusion, coronary perfusion, and blood pressure in children.
· Link these physiologic changes to short- and long-term clinical outcomes.
· Develop etiology-specific ventilation strategies.
4. Design studies that stratify or randomize patients according to arrest etiology (e.g., primary respiratory failure, cardiac etiology, drowning, pulmonary injury) to determine whether optimal ventilation targets differ by cause.
· Explore whether etiology-specific protocols improve outcomes compared with a uniform ventilation strategy.
Clarify the interaction between airway strategy and optimal ventilation parameters.5. Compare ventilation performance and outcomes across airway approaches (bag-mask ventilation, supraglottic airway, endotracheal intubation) using standardized measurement of rate, volume delivery, and pressures.
· Determine whether recommended ventilation targets should differ according to airway type, and evaluate the role of feedback technologies across these strategies.
· Conduct adequately powered pediatric trials and high-quality prospective studies.
6. Prioritize large, multicenter pediatric studies—including randomized or pragmatic trials—of ventilation strategies during cardiac arrest with neurologically-intact survival as a primary outcome.
· Embed ventilation monitoring and feedback into cardiac arrest registries and quality-improvement programs to support learning health-system approaches and enable future trials.




