	QUESTION

	Should a resuscitation strategy comprising cardiopulmonary resuscitation (ventilations and compressions) vs. compression only resuscitation be used for adults and children in cardiac arrest following drowning?

	POPULATION:
	adults and children in cardiac arrest following drowning

	INTERVENTION:
	a resuscitation strategy comprising cardiopulmonary resuscitation (ventilations and compressions)

	COMPARISON:
	compression only resuscitation

	MAIN OUTCOMES:
	Survival w Favorable Neurological Outcome; 30 Day Survival/ Survival to hospital discharge; Return of spontaneous circulation

	SETTING:
	

	PERSPECTIVE:
	

	BACKGROUND:
	There have been no previous systematic reviews of this question. 


	CONFLICT OF INTERESTS:
	
None






ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Drowning is the third leading cause of unintentional injury related deaths around the world. Morbidity after initially successful resuscitation is high with many survivors experiencing unfavourable neurological outcomes due to brain hypoxia. Developing evidence-based treatment recommendations to aid those attempting to resuscitate people following drowning is therefore a high priority.
	


	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Only two studies were found that addressed the question.[Fukada 2019 166; Tobin 2020 1]. Patients who received bystander cpr were compared by the type of CPR they received (compression-only or convention CPR with rescue breaths) 

For survival with a favourable neurological outcome at discharge/30-days, there was no statistical difference in either study. 

For the critical outcome of survival to hospital discharge/30-days,
Fukada et al [2019 166] reported no statistical difference between groups for survival 30 days.

For the critical outcome of survival (return of spontaneous circulation) to hospital admission, there was no statistical difference in either study for this outcome. 
	Both studies were retrospective and subject to high risk of bias. 

A previous systematic review supports the concept that conventional CPR may offer a greater chance for neurologically favorable survival than CO-CPR in children aged <1 year; while a multicentered European study showed increased survival to hospital discharge when bystanders had performed ventilation (Ashoor 2017 112; Grässner 2019 218).



	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Tobin et al [2020 1], 71 (29.7%) in the conventional CPR group and 56 (18.1%) in the compression-only CPR group survived to hospital discharge (aOR=1.54; 95% CI, 1.01 to 2.36, p=0.046).

A post-hoc subgroup analysis by Tobin et al. [2020 1] showed conventional CPR was associated with greater adjusted odds of favourable neurological outcome in children aged 5 to 15 years (aOR=2.68; 95% CI, 1.10 to 6.77; p= 0.03).

	Small sample size in Tobin et al [2020 1]. 

Unknown undesirable effects, particularly with regard to training, implementation, and infectious disease exposure risks to rescuers. 

The cause of arrest in a drowned person includes cardiac etiologies. 



	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 evidence was assessed as very low certainty evidence due to very serious risk of bias, serious inconsistency and serious imprecision. 
	The significant finding in the subgroup data in children in the study by Tobin must be interpreted with caution due to the small sample size.


	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

	COSCA has confirmed importance of these outcomes. 

COSCA: 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.
	


	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

	Existing evidence is insufficient to favor one from of CPR over another. 

The Task Forces discussed the impact of one standard of basic life support training and the simplification using a single approach for teaching, learning and recalling how to perform CPR. 

Bystanders are more likely to be willing to perform compression-only CPR (Bray 2017 58) and familiarity with chest compression-only CPR has become widespread in some parts of the world (Grassner 2019). It is simple to teach, learn, remember, and perform (Sayre 2008 2162, Nishiyama 2008 90, Iwami 2015 415, Fukuda 2016 2060). Nevertheless, conventional CPR with compressions and ventilations (CV-CPR) is preferred when the bystander is capable and trained.
	


	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
○ Don't know

	The costs related primarily to adapting existing training programs and paradigms. 
	


	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
	Low certainty evidence. 
	


	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 evidence was found that examined the cost-effectiveness of this intervention in this group.
	


	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

	Evidence is emerging of inequities in bystanders providing CPR (e.g. to women). More research is required to understand these inequities. The public are more willing to provide compression-only CPR to strangers in hypothetical situations (Bray 2017 58). 
	

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Bystanders are more likely to be willing to perform compression-only CPR (Bray 2017 58) and familiarity with chest compression-only CPR has become widespread in some parts of the world (Grassner 2019). It is simple to teach, learn, remember, and perform (Sayre 2008 2162, Nishiyama 2008 90, Iwami 2015 415, Fukuda 2016 2060). 
Nevertheless, conventional CPR with compressions and ventilations (CV-CPR) is preferred when the bystander is capable and trained.

	


	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Further updating and clarifying the role of when to use compression only CPR vs conventional CPR is already a component of training programs and no additional infrastructure is needed.
	




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

	Treatment Recommendations
For lay responders, the treatment recommendation for CPR in drowned OHCA patients who have been removed from the water remains consistent with CPR for all patients in cardiac arrest [Maconochie 2020 S410; Olasveengen 2020 S41] (Good Practice Statement): 
Adults:
· We suggest that bystanders commence CPR with compressions rather than ventilations in adults with cardiac arrest [Olasveengen 2020 S41].  
· We suggest that bystanders who are trained, able, and willing to give rescue breaths and chest compressions do so for all adult patients in cardiac arrest [Olasveengen 2020 S41].
Children: 
· We suggest that bystanders provide CPR with ventilation for infants and children younger than 18 years with OHCA [Maconochie 2020 S410].
· We recommend that if bystanders cannot provide rescue breaths as part of CPR for infants and children younger than 18 years with OHCA, they should at least provide chest compressions [Maconochie 2020 S410]. 
For healthcare professionals and those with a duty to respond to drowning (e.g. lifeguards), we recommend providing ventilations in addition to chest compressions if they have been trained and are able and willing to do so (Good Practice Statement).


	


	Justification

	In making the decision to follow standard BLS treatment recommendations the review group and Task Force considered the following: 
· Cardiac arrest from drowning is due primarily to anoxia (Bierens 2016 147; Vanden Hoek 2010 e405; Soar 2010 1407). Therefore, as with pediatric out-of-hospital cardiac arrest where asphyxia is the predominant etiology (Atkins 2009 1484, Young 2004 157, Sirbaugh 1999 174, Kuisma 1995 141), providing ventilation in OHCA due to drowning is important (Szpilman 2004 25). 
· Whilst no randomized clinical trial (RCT) was found, the two observational studies that examined the effect of conventional versus compression-only CPR in OHCA due to drowning were subject to a high risk of bias and were considered very low certainty of evidence.
·  The significant finding in the subgroup data in children in the study by Tobin must be interpreted with caution due to the small sample size.
· As noted in the 2020 CoSTR publication, simulation and observational studies favor commencing CPR with compressions over airway and breathing, including two of three simulation RCTs reporting faster times to commencement of rescue breaths when starting with compressions. (Olasveengen 2020 S41)
· A previous systematic review supports the concept that conventional CPR may offer a greater chance for neurologically favorable survival than CO-CPR in children aged <1 year; while a multicentered European study showed increased survival to hospital discharge when bystanders had performed ventilation (Ashoor 2017 112; Grässner 2019 218).
· The impact of one standard of basic life support training and the simplification using a single approach for teaching, learning and recalling how to perform CPR. 
· Bystanders are more likely to be willing to perform compression-only CPR (Bray 2017 58) and familiarity with chest compression-only CPR has become widespread in some parts of the world (Grassner 2019). It is simple to teach, learn, remember, and perform (Sayre 2008 2162, Nishiyama 2008 90, Iwami 2015 415, Fukuda 2016 2060). Nevertheless, conventional CPR with compressions and ventilations (CV-CPR) is preferred when the bystander is capable and trained.




	Subgroup considerations

	Most cardiac arrest in children is hypoxic in nature. Further analysis and future studies should include specific evaluation of children, adolescents, and the aged as distinct subgroups. The two observational studies had significantly different populations. The mean age for Fukada [Fukada 2019 166] was 72.4 years with a standard deviation of 21.6 years. Once propensity matched, then the mean age in the conventional CPR group was 65 years (SD=26.29) and 65.9 years (SD= 26.7) for the compression only group. Tobin [Tobin 2020 1] had an average age of 23.72years (SD = 25.12) in the conventional CPR group and 32.02 years (SD=26.38) in the compression only CPR Group. 



	Implementation considerations

	Public education, training, instruction, and public health messaging materials should reflect the most appropriate method for performing CPR. 



	Monitoring and evaluation

	
N/A


	Research priorities

	
High-quality evidence is required to examine the impact of the type of CPR on OHCA patient outcomes overall and in subgroups (e.g. children). 
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	Survival with favourable neurological outcome
	Pre-hospital ROSC
	Survival to discharge
	30 day survival 

	
Fukada
(95% CI)

	
RR 1.15 (.82-1.60) 
	
RR 1.18 (.89-1.56)
	
	
RR 1.21 (.91-1.61)

	
Tobin 
(95% CI)

	
OR 1.70 (1.11 – 2.60)
	
OR 1.50 (1.07-2.11)
	
OR 1.54 (1.01 – 2.36)
	



