	Question

	Should ALS vs. no ALS be used for health problem or population?

	Population:
	Adult in-hospital patients who have a cardiac arrest

	Intervention:
	Prior participation of one or more members of the resuscitation team in an accredited advanced cardiac life support course (e.g. AHA ACLS, RC(UK)/ERC ALS)

	Comparison:
	No such participation

	Main outcomes:
	ROSC; Survival to Discharge or 30-day survival; 1 year survival;

	Setting:
	In-hospital

	Perspective:
	

	Background:
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Assessment
	Problem
Is the problem a priority?

	Judgement
	Research evidence
	Additional considerations

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

	Attendance of participants on an advanced cardiac life support course comes at a cost - both financial and time - to stakeholders including participants themselves and their institutions. It is therefore important to show whether this participation has any meaningful impact upon patient outcomes.
	Likely to be a lack of recent data as advanced cardiac life support training is generally widespread. 


	Desirable Effects
How substantial are the desirable anticipated effects?

	Judgement
	Research evidence
	Additional considerations

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

	The systematic review identified 8 studies (Lowenstein 1986 512, Sanders 1994 56, Makker 1995 116, Camp 1997 529, Pottle 2000 45, Dane 2000 83, Moretti 2007 458, Sodhi 2011 209). 

For the critical outcome of “return of spontaneous circulation” we have identified very low quality evidence (downgraded for risk of bias, inconsistency, indirectness and imprecision) from six observational studies (Lowenstein 1986 512, Sanders 1994 56, Makker 1995 116, Pottle 2000 45, Moretti 2007 458, Sodhi 2011 209) enrolling 1461 patients showing benefit for advanced cardiac life support training (OR 1.64 95% CI 1.12 – 2.41). 
For the critical outcome of “survival to hospital discharge” or  “survival to 30 days” we have identified very low quality evidence (downgraded for risk of bias, inconsistency, indirectness and imprecision) from seven observational studies (Lowenstein 1986 512, Sanders 1994 56, Camp 1997 529, Pottle 2000 45, Dane 2000 83, Moretti 2007 458, Sodhi 2011 209) enrolling 1507 patients showing possible benefit for advanced cardiac life support training (OR 2.43 95% CI 1.04 – 5.70). 
For the critical outcome of “survival to 1 year” we have identified very low quality evidence (downgraded for risk of bias, inconsistency, and imprecision) from two observational studies (Pottle 2000 45, Moretti 2007 458) enrolling 455 patients showing no benefit (OR 3.61 95% CI 0.11 – 119.42). One study had very high loss to followup (25%) in the ALS training period (Pottle 2000 46).  

	No studies were found that examined the impact of advanced cardiac life support training on good neurological outcomes. 
These studies were conducted prior to the current available evidence for post-resuscitation care (e.g. targetted temperature management).  
One study reported a statistically significant improvement in time to ROSC following the introduction of advanced cardiac life support training (mean 11.5 minutes vs 30.0 minutes). This study reported no change in duration of attempted resuscitation in patients who did not achieve ROSC (Moretti 2007 458)
One study reported the probablity of achieving ROSC was associated with number of resuscitating team members who were trained in ACLS (Moretti 2007 458). 

One study reported a decrease treatment errors, such as incorrect rhythm assessment, in IHCA following the implementation of ALS training (Makker 1995, 116). 

Studies were not able to identify which components of training contributed to outcomes. 
Advanced cardiac life support training provides the opportunity to update health care professionals on changes in resuscitation practice as new evidence emerges and is integrated into resuscitation guidelines and algorhythms. 

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	Judgement
	Research evidence
	Additional considerations

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

	Some studies reported increased rates of attempted resuscitation following the introduction of advanced cardiac life support training, but do not report on the appropriateness of this change. [Lowenstein 1986 512, Camp 1997 529]
	

	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

	ROSC (6 studies - Lowenstein 1986 512, Sanders 1994 56, Makker 1995 116, Pottle 2000 45, Moretti 2007 458, Sodhi 2011 209) & Survival to discharge (7 studies - Lowenstein 1986 512, Sanders 1994 56, Camp 1997 529, Pottle 2000 45, Dane 2000 83, Moretti 2007 458, Sodhi 2011 209) - downgraded for risk of bias, inconsistency, indirectness and imprecision
30 day survival (1 study – Moretti 2007 458) - downgraded for imprecision
1 year survival (2 studies - Pottle 2000 45, Moretti 2007 458) - downgraded for risk of bias, inconsistency and imprecision
The certainty of evidence is very low. Existing evidence is old and of very poor quality –mostly retrospective, single-centre studies, using historical controls, with poor reporting on patient characteristics. Only one study adjusted outcomes for possible confounding –but only adjusted for rhythm (Dane 2000 83). Some studies were conducted with small sample sizes, and are likely to be underpowered. 
The most recent, and only study reporting data post-2000 which is when international guidelines were first introduced, (Sodhi 2011 209) showed a significant benefit to the addition of advanced cardiac life support training to staff already trained in basic life support. But this study is subject to significant confounding, as the authors only reported unadjusted outcomes and provided very limited data on patient and arrest characteristics between the two periods. 
Most effect estimates favoured advanced cardiac life support training. 
	Advanced cardiac life support courses have evolved over time. 


	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

	Patients value survival with good neurological outcome (Haywood 2018 e783). It is expected that health care professionals are trained to treat medical emergencies. Standardised advanced cardiac life support training is likely to improve the care provided during cardiac arrest, and thus improve outcomes for patients.  
	No studies examined the critical outcome of good neurological function. 


	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

	Whilst the positive effects are presented with very low evidence, they likely offset the potential negative effect of inappropriate attempted resuscitations. 
	


	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

	
There has been no formal cost effectiveness analysis.

	The costs of running advanced life support courses include:

1) costs to the overseeing Resuscitation Council (e.g. manual production, e-learning platforms)

2) costs to the course centre (e.g. faculty costs, facility costs, equipment purchase and maintenance)

3) costs to the employers (e.g. course fees, covering study and professional leave time for candidates and faculty)

4) costs to the employees (e.g. course fees in some cases)

These costs can be mitigated by alternative methods of course delivery, including hybrid courses consisting of e-learning modules.
There may also be costs incurred in low resource settings in terms of other educational interventions that may suffer if advanced cardiac life support training were to be prioritised. 

	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

	Costs are likely to vary between different health care settings.  
	


	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

	The potential for lives saved by health care professional’s participation in these courses outweighs the costs of candidates attending these courses. 
	


	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

	The associated resources and costs may prohibit advanced cardiac life support training in some health care settings. If advanced cardiac life support courses were to be prioritised, this may come at the expense of other healthcare educational interventions in low resource settings.
	


	Acceptability
Is the intervention acceptable to key stakeholders?

	Judgement
	Research evidence
	Additional considerations

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

	The potential for lives saved by participation in these courses outweighs the costs of candidates attending these courses. 
There is an expectation from the public and healthcare institutions that employees will be trained to deal with this important critical condition, so this evidence supports the fact that these courses are fit for purpose.
	


	Feasibility
Is the intervention feasible to implement?

	Judgement
	Research evidence
	Additional considerations

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

	This is an intervention that has been well established in healthcare education in high resource settings. But its provision may not be feasible or appropriate in in some health care settings.
	



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

	
We recommend the provision of accredited adult advanced cardiac life support training for health care professionals (weak recommendation, very low quality of evidence). 


	


	Justification

	
Adult advanced cardiac life support training improves resuscitation knowledge and skills and it is likely to ensure best practice is applied in these emergency situations.  
We recognize that the evidence in support of this recommendation comes from observational studies of very low quality. However, pooling of the available evidence consistently favours advanced cardiac life support training, and having advanced cardiac life support trained staff present during an attempted adult resuscitation has been found to reduce treatment errors such as incorrect rhythm assessment (Makker 1995, 116) and time to ROSC (Moretti 2007 458). We recognise that the provision of accredited adult advanced cardiac life support training may not be feasible or appropriate in low resource settings. 




	Subgroup considerations

	



	Implementation considerations

	


	Monitoring and evaluation

	



	Research priorities

	 Similar review needed for other life support courses (e.g. PALS). 
Recommended CoSTR:

· We recommend the provision of accredited adult advanced cardiac life support training for health care professionals (weak recommendation, very low quality of evidence).
· Values and preferences statement: In making this recommendation we recognize that the evidence in support of this recommendation comes from observational studies of very low quality and only relate to accredited adult advanced life support courses. We recognise that the provision of accredited adult advanced cardiac life support training may not be feasible in low resource settings.
· Knowledge gaps: Impact on patient outcomes of prior participation of one or more members of the cardiac arrest team for other life support courses (e.g. paediatrics, newborns).
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