	QUESTION

	Short PICO title here

	POPULATION:
	Adults, children and infants (excluding newborns) in any setting (in-hospital or out-of-hospital) with cardiac arrest

	INTERVENTION:
	Alternative chest compression rate, depth or chest wall recoil during cardiopulmonary resuscitation (CPR)

	COMPARISON:
	Standard chest compression rate, depth or chest wall recoil during cardiopulmonary resuscitation (CPR)

	MAIN OUTCOMES:
	Any clinical outcome for adults, children and infants (excluding newborns) – including survival with favourable neurological outcome (critical), survival to hospital discharge or 30 days (critical), return of spontaneous circulation (ROSC) (important); any physiological outcome – including blood pressure, end-tidal CO2

(including clinical outcomes as defined in the Pediatric Core Outcome Set for Cardiac Arrest for children 1). 

	SETTING:
	All settings

	PERSPECTIVE:
	This was a scoping Review

Randomized controlled trials (RCTs) and non-randomized studies (non-randomized controlled trials, interrupted time series, controlled before-and-after studies, cohort studies) were eligible for inclusion. 

Included studies had to report on only one chest compression component or two or more components or the interaction between two or more components. Included studies must have reported a comparison between two or more chest compression rates and/or chest compression depths and/or measures of chest wall recoil and/or measures of chest wall leaning. 

Manikin studies and animal studies were excluded. Grey literature and social media and non-peer reviewed studies, unpublished studies, conference abstracts and trial protocols were excluded


	BACKGROUND:
	The three main components of chest compression – rate, depth and recoil – were reviewed as separate systematic reviews in the 2015 ILCOR CoSTR 2, 3. The BLS Task Force subsequently decided to revisit this topic in 2019/2020 as a scoping review. The prior systematic search strategies were broadened to identify an evidence map evaluating the impact of these chest compression components i.e. rate, depth and recoil on outcomes individually and in interaction with each other 4.

However, the task force had not reviewed the topic since then. Three separate search strategies from the 2019/2020 Scoping Review (for each of depth, rate and recoil) have been updated / harmonized into one single search strategy. This corrects some minor discrepancies between the previous searches and has helped us to better identify studies which report on the interaction between two or more chest compression components.  

	CONFLICT OF INTERESTS:
	None recorded


ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Early, high-quality chest compressions are considered a vital part of the response to cardiac arrest. There are existing ILCOR recommendations (2015) for chest compression depth, rate and recoil for both adults and children, albeit these are based on low or very-low certainty evidence.
Prior treatment recommendations in adults (2015):
· We recommend a manual chest compression rate of 100 to 120/min (strong recommendation, very-low certainty evidence).
· We recommend a chest compression depth of approximately 5 cm (2 in) (strong recommendation, low certainty evidence) while avoiding excessive chest compression depths (greater than 6 cm [greater than 2.4 in an average adult) during manual CPR (weak recommendation, low-certainty evidence).
· We suggest that rescuers performing manual CPR avoid leaning on the chest between compressions to allow full chest wall recoil (weak recommendation, very low-certainty evidence). 

Prior treatment recommendations in children (2015):
· We suggest that rescuers compress the chests of infants by at least one third the anterior-posterior dimension, or approximately 1½ inches (4 cm). We suggest that rescuers compress the child’s chest by at least one third of the anterior-posterior dimension, or approximately 2 inches (5 cm) (weak recommendation, very-low-quality evidence).

	


	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	CHEST COMPRESSION RATE – ADULTS

Favourable neurological survival at discharge or 30-days: one RCT and three observational studies
Survival to hospital discharge / 30-days / one month: one RCT and nine observational studies
Survival to ED or hospital admission / similar: two observational studies
ROSC: one RCT and nine observational studies
Physiological outcomes: five observational studies 
Other: one observational study (first shock success in VF)

CHEST COMPRESSION RATE – INFANTS AND CHILDREN

Favourable neurological survival at discharge or 30-days: one observational study
Survival to hospital discharge / 30-days / one month: three observational studies
Survival to 24hrs: one observational study
ROSC: two observational studies
Physiological outcomes: five observational studies 

CHEST COMPRESSION DEPTH – ADULTS

Favourable neurological survival at discharge or 30-days: one observational study
Survival to hospital discharge / 30-days / one month: five observational studies
Survival to ED or hospital admission / similar: one RCT and three observational studies
ROSC: five observational studies
Physiological outcomes: three observational studies 
Other: two observational studies (first shock success in VF; CPR-induced injuries)

CHEST COMPRESSION DEPTH – INFANTS AND CHILDREN

Favourable neurological survival at discharge or 30-days: two observational studies
Survival to hospital discharge / 30-days / one month: three observational studies
Survival to 24hrs: two observational studies
ROSC: three observational studies
Physiological outcomes: three observational studies

INTERACTIONS – ADULTS

Favourable neurological survival at discharge or 30-days: four observational studies
Survival to hospital discharge / 30-days / one month: four observational studies
Survival to 24hrs: one observational study
ROSC: three observational studies
Physiological outcomes: two observational studies 

INTERACTIONS – INFANTS AND CHILDREN
Physiological outcomes: one observational study

Full details and references are in the main scoping review summary and tables.
	There was a lack of consistency about which rate or depth range was the optimum.

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	One paper reported that deeper chest compressions were associated with more CPR-related injuries. The rate of injuries in the <50mm and 50-60mm mean depth groups were similar (28% vs 27%) and higher in the >60mm depth group (49%) 5
	Sternal and rib fractures were the most commonly reported injuries. There were low numbers of other injuries including myocardial and lung injury. Rate of CPR injury over time did not affect survival

Single paper, relatively low numbers

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	X Very low
○ Low
○ Moderate
○ High
○ No included studies

	Most evidence on chest compression depth and rate came from observational studies, and results varied.
There was no available evidence about recoil/leaning.
Evidence in the adult population was mainly in OHCA patients
Evidence in the infant and child population was mainly in IHCA patients
Where RCT evidence was available it was not the chest compression components that were the main variable being studied for their effect on the outcome(s) of interest
	


	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
X Probably no important uncertainty or variability
○ No important uncertainty or variability

	As this was a scoping review a range of clinical and physiological outcomes were considered. This did include multiple observational studies in both adults and infants/children examining the critical outcomes of survival with favourable neurological outcome and survival to 30 days / one month / hospital discharge, which researchers, patients and their families have deemed of great importance / value 1, 6.
	


	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
X Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know

	Evidence varied, and there was no clear evidence to change current recommendations 
	


	Resources required
How large are the resource requirements (costs)?"

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Training materials and equipment already exist to measure chest compression depth / rate – costs to amend/reprogramme these would likely be small
There is likely to be significant research cost to design suitable trial(s) to determine optimum values for chest compression components.

	


	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
X No included studies

	This was not evaluated.
	


	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
X No included studies

	This was not examined. 
	


	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	not applicable
	


	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Not applicable

	


	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Not applicable

Unlikely that future changes in recommendations for optimum values would be too difficult to measure and implement
	



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
	Trivial
	Small
	Moderate
	Large
	
	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

	○ 
	○ 
	○ 
	○ 
	○ 


Not applicable. We have made no recommendation. 
Based on the results of this scoping review and the apriori decision of the Paediatric Life Support Taskforce to use adult data as indirect evidence for compression rate the PLS TF have prepared a Good Practice Statement in the interim until the 2015 systematic reviews and CoSTR can be updated.

The target for manual chest compression rate may be 100 to 120/min for infants and children in cardiac arrest (Good Practice Statement).

CONCLUSIONS
	Recommendation

	This expanded scoping review identified sufficient new evidence to prioritize updating the 2015 systematic reviews and the Consensus on Science and Treatment Recommendations; however, to ensure continuity and usability of international guidance on the core components of CPR, the existing treatment recommendations remain in place while SR updates are undertaken.

Prior treatment recommendations in adults (2015):
· We recommend a manual chest compression rate of 100 to 120/min (strong recommendation, very-low certainty evidence).
· We recommend a chest compression depth of approximately 5 cm (2 in) (strong recommendation, low certainty evidence) while avoiding excessive chest compression depths (greater than 6 cm [greater than 2.4 in an average adult) during manual CPR (weak recommendation, low-certainty evidence).
· We suggest that rescuers performing manual CPR avoid leaning on the chest between compressions to allow full chest wall recoil (weak recommendation, very low-certainty evidence). 

Prior treatment recommendations in children (2015):
· We suggest that rescuers compress the chests of infants by at least one third the anterior-posterior dimension, or approximately 1½ inches (4 cm). We suggest that rescuers compress the child’s chest by at least one third of the anterior-posterior dimension, or approximately 2 inches (5 cm) (weak recommendation, very-low-quality evidence).

Based on the results of this scoping review and the apriori decision of the Paediatric Life Support Taskforce to use adult data as indirect evidence for compression rate the PLS TF have prepared a Good Practice Statement in the interim until the systematic review and CoSTR can be updated.

The target for manual chest compression rate may be 100 to 120/min for infants and children in cardiac arrest (Good Practice Statement).



	


	Justification

	This scoping review demonstrated that most studies focused on a single chest compression component, and several studies suggest the presence of confounding interactions that should prompt caution when evaluating any chest compression component in isolation.

Most studies are observational – where we identified randomized trials, the chest compression components were not the variables primarily being investigated. 

Most adult studies identified in this review were focused on out-of-hospital cardiac arrest. Studies in infants and children, however, were predominantly from in-hospital studies. 

Studies are heterogeneous and making direct comparisons between studies is difficult. There is a lack of consistency in results between studies. 

Early paediatric clinical studies that shaped existing chest compression guidance relied on single-sensor CPR quality monitors, which may have overestimated compression depth because measurements could be influenced by non-rigid surfaces and patient movement during compressions 7, 8. In contrast, more recent observational studies using advanced dual-sensor (anterior and posterior) feedback devices have found that recommended paediatric compression depth targets are seldom achieved in clinical settings, especially for infants 9-11. These dual-sensor systems measure the displacement between two sensors rather than overall movement of the device and patient, reducing artifact from surface compliance and motion.



	Subgroup considerations

	Not applicable


	Implementation considerations

	There have been no changes to existing recommendations 



	Monitoring and evaluation

	N/A – no changes to existing recommendation


	Research priorities

	There is a paucity of studies in infants and children. 

There is a lack of evidence from studies in infants and children about which chest compression depths to perform based on the weight or size of the patient.

Further clinical studies employing dual-sensor technology that correlate compression metrics with P-COSCA outcomes 1 are needed to better define optimal targets for compression depth, rate, and recoil in infants and children.

There is a lack of evidence about the effect of leaning and recoil on clinical outcomes. 

There is a lack of randomized trials or high-quality evidence related to chest compression components on critical and important clinical outcomes, particularly considering the interaction between these components.

In this review we excluded papers reporting continuous data about chest compression rate and depth, and the association with clinical and physiological outcomes. We can therefore make no comment about the best combination of chest compression rate and depth during CPR.


	


REFERENCES

1.	Topjian AA, Scholefield BR, Pinto NP, Fink EL, Buysse CMP, Haywood K, et al. P-COSCA (Pediatric Core Outcome Set for Cardiac Arrest) in Children: An Advisory Statement From the International Liaison Committee on Resuscitation. Circulation. 2020;142:e246-e61.
2.	Perkins GD, Travers AH, Berg RA, Castrén M, Considine J, Escalante R, et al. Part 3: Adult basic life support and automated external defibrillation: 2015 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment Recommendations. Resuscitation. 2015;95:e43-69.
3.	Travers AH, Perkins GD, Berg RA, Castren M, Considine J, Escalante R, et al. Part 3: Adult Basic Life Support and Automated External Defibrillation: 2015 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment Recommendations. Circulation. 2015;132(16 Suppl 1):S51-83.
4.	Considine J, Gazmuri RJ, Perkins GD, Kudenchuk PJ, Olasveengen TM, Vaillancourt C, et al. Chest compression components (rate, depth, chest wall recoil and leaning): A scoping review. Resuscitation. 2020;146:188-202.
5.	Hellevuo H, Sainio M, Nevalainen R, Huhtala H, Olkkola KT, Tenhunen J, et al. Deeper chest compression - More complications for cardiac arrest patients? Resuscitation. 2013;84:760-5.
6.	Haywood K, Whitehead L, Nadkarni VM, Achana F, Beesems S, Bottiger BW, et al. COSCA (Core Outcome Set for Cardiac Arrest) in Adults: An Advisory Statement From the International Liaison Committee on Resuscitation. Resuscitation. 2018;127:147-63.
7.	Sutton RM, Case E, Brown SP, Atkins DL, Nadkarni VM, Kaltman J, et al. A quantitative analysis of out-of-hospital pediatric and adolescent resuscitation quality--A report from the ROC epistry-cardiac arrest. Resuscitation. 2015;93:150-7.
8.	Sutton RM, French B, Niles DE, Donoghue A, Topjian AA, Nishisaki A, et al. 2010 American Heart Association recommended compression depths during pediatric in-hospital resuscitations are associated with survival. Resuscitation. 2014;85:1179-84.
9.	Berg R, Morgan R, Reeder R, Ahmed T, Bell M, Bishop R, et al. Diastolic Blood Pressure Threshold During Pediatric Cardiopulmonary Resuscitation and Survival Outcomes: A Multicenter Validation Study. Crit Care Med. 2023;51:91-102.
10.	Sutton RM, Wolfe H, Nishisaki A, Leffelman J, Niles D, Meaney PA, et al. Pushing harder, pushing faster, minimizing interruptions… but falling short of 2010 cardiopulmonary resuscitation targets during in-hospital pediatric and adolescent resuscitation. Resuscitation. 2013;84:1680-4.
11.	Niles DE, Duval-Arnould J, Skellett S, Knight L, Su F, Raymond TT, et al. Characterization of Pediatric In-Hospital Cardiopulmonary Resuscitation Quality Metrics Across an International Resuscitation Collaborative. Pediatr Crit Care Med. 2018;19:421-32.

