	QUESTION

	Should prehospital critical care vs. advanced life support be used for patients with out-of-hospital cardiac arrest?

	POPULATION:
	Adults and children with out-of-hospital non-traumatic cardiac arrest. 

	INTERVENTION:
	Prehospital critical care teams, defined as any provider with clinical competencies beyond that of standard paramedics using advanced life support algorithms and dedicated dispatch to critically ill patients.

	COMPARISON:
	Advanced life support

	MAIN OUTCOMES:
	Survival to hospital discharge; Survival at 30 day; Favourable neurological outcome at hospital discharge; Favourable neurological outcome at 30 days; Survival to hospital admission / return of spontaneous circulation; 

	SETTING:
	Out of hospital cardiac arrest (OHCA)

	PERSPECTIVE:
	Clinical recommendation for treatment

	BACKGROUND:
	The emergency medical service (EMS) system response is a critical element in the pathway of care for OHCA patients.[1,2] The optimal configuration of EMS systems is unclear and varies between countries.[3] Many countries utilise prehospital critical care teams as part of a tiered EMS response.[4–6] These teams are specialists in care of the critically ill patient and have greater exposure to resuscitation than standard EMS teams, potentially offering clinical benefit.[7] These teams have competencies beyond that of standard EMS teams delivering advanced life support. This may include advanced airway management, blood transfusion, central venous access, advanced inotropes/vasopressors, prehospital emergency anaesthesia, sedation/paralysis, invasive monitoring, surgical procedures, and diagnostic ultrasound.[8] They can also facilitate transfer over extended distances, which may allow patients to receive hospital care at a more optimal location. They often attend in addition to a standard team or may attend in isolation dependent on the situation. Understanding the clinical efficacy associated with prehospital critical care teams is important to helping decide how they may be implemented into practice. 
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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
	Improving survival after out-of-hospital cardiac arrest is a priority for healthcare systems and could save thousands of lives worldwide every year. The configuration of emergency medical services varies worldwide and delivering the optimal configuration is a priority. The ILCOR EIT taskforce has prioritised this topic. 
	Critically appraising the evidence surrounding prehospital critical care teams will allow the clinical efficacy of these teams to be better understood and inform implementation decisions. 

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know
	The findings of this systematic review and meta-analysis indicate that the anticipated desirable treatment effects are moderate for all outcomes. The effect estimates show that prehospital critical care teams are associated with improved outcomes. The significant odds ratios for benefit range from 1.34 to 1.98. 
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	A moderate desirable effect is beneficial to patients and may improve clinical outcomes. 


	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
● Small
○ Moderate
○ Large
○ Varies
○ Don't know
	There is no evidence found by this systematic review of undesirable effects. In meta-analyses of critical outcomes, all effect estimates favoured care with a prehospital critical care team. This review did not detect any adverse or undesirable effects associated with prehospital critical care teams. 
	

	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 certainty of evidence for each critical outcome was low for adults and very low children. For adults with non-traumatic OHCA, critical outcomes of survival to hospital discharge, survival at 30 days, favourable neurological outcome at 30 days, and survival to hospital admission/return of spontaneous circulation were low certainty of evidence (downgraded for risk of bias). One study examined paediatric patients and the certainty of evidence was very low (downgraded for risk of bias and imprecision). 
	


	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
	No study included in this review investigated how much people value the main outcomes. 
	Previous research has demonstrated the critical importance of survival and favourable neurological outcome. These outcomes are included within the core outcome set for cardiac arrest and this systematic review.[9] 

	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 is low certainty of evidence of moderate desirable effects. There is no evidence to suggest undesirable effects. The outcomes are considered critical and there is no important uncertainty or variability in the value of these outcomes. 
	Prehospital critical care is likely to incur greater resource costs, an undesirable effect.

	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

	No studies were included that examined the resource implications and costs of prehospital critical care teams versus advanced life support. 
	Prehospital critical care teams are established in many EMS systems, as highlighted by this systematic review. However, they treat a minority of OHCA patients. Expanding their services to reach more patients will present resource implications. CCTs typically respond by helicopter or rapid response vehicle, and often carry specialist equipment such as mechanical CPR devices, highlighting the resources required. They must be integrated within established EMS systems and use a dispatch approach that may require specialist personnel within an operations centre, in addition to the CCT clinicians.[10] Expansion of CCTs requires training of specialist clinicians and may draw them away from other healthcare settings and roles. For example, the prehospital physicians responding with CCTs have specialist in-hospital backgrounds in emergency, anaesthesia, or intensive care. There was no evidence from low income settings. Given that CCTs are likely to be costly and present significant training and resource implications, this may not be the most efficient and optimal use of scarce resources. 

	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 studies were included in this review examining this domain. 
	The certainty of costs is unclear and will vary between healthcare systems. This will be influenced on whether prehospital critical care services are already present within an EMS system, whether they are expanded to reach more patients, or whether they are introduced as a new service provision. 

	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 examined cost-effectiveness. 
	It is likely that prehospital critical care teams will incur greater monetary costs than advanced life support. One previous study has calculated the prehospital costs in the UK at 2015/2016 costs (prehospital critical care £1711 versus advanced life support £347).[11] This study found that when the costs and outcomes of prehospital, in-hospital, and post discharge phases were included, prehospital advanced life support was cost effective at £11,407/quality-adjusted life year. The clinical efficacy of prehospital critical care was not known and therefore the cost-effectiveness could not be estimated, however the study suggested the minimally economically important difference in survival to hospital discharge would be 3%–5%. This study is UK-specific and generalisability to other healthcare systems is challenging.

	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 study examined health equity. 
	It is unclear how prehospital critical care teams impact health inequities and reach disadvantaged groups. The desirable effects associated with prehospital critical care teams have the potential to address health inequities if targeted to groups in need of improvement in access to high quality cardiac arrest care and improvement in outcomes. If an EMS system is optimised to reach these groups then prehospital critical care teams could help address inequities. Conversely, if prehospital critical care teams are not optimally distributed or available to disadvantaged groups in an equitable manner then they could compound health inequities. There is no evidence in included studies to determine this in current practice and is likely to vary between EMS service and region. 

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	No studies examined acceptability to key stakeholders. 
	Prehospital critical care teams appears to have moderate desirable effects and no undesirable effects. The associated costs are unclear. Prehospital critical care teams are in use in many developed healthcare systems across the world and this review highlights the high number of patients that are currently receiving this intervention. Given its establishment in contemporary practice, the intervention is likely to be acceptable to key stakeholders. 

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know
	No included study examined feasibility of implementing prehospital critical care teams. 
	The intervention is already delivered in many healthcare systems, and hence is feasible in some settings. Expanding these services to reach more patients or introducing this service in some settings will incur a resource costs, which may negatively impact feasibility. Implementation will require availability and training of specialist healthcare professionals, such as prehospital physicians and critical care paramedics. These teams will also require EMS infrastructure to respond effectively. Their presence in many EMS systems demonstrated the feasibility of their implementation, however this is specific to that setting. Their implementation in other settings may be challenging. In summary, the feasibility of implementing prehospital critical care teams is likely to be setting specific. 


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

	○ 
	○ 
	○ 
	● 
	○ 


CONCLUSIONS
	Recommendation

	[bookmark: _Hlk171324916]We recommend adults with non-traumatic out-of-hospital cardiac arrest have prehospital critical care teams attend within EMS systems with sufficient resource infrastructure (weak recommendation, low certainty of evidence).

[bookmark: _Hlk171324928]We suggest children with out-of-hospital cardiac arrest have prehospital critical care teams attend within EMS systems with sufficient resource infrastructure (weak recommendation, very low certainty of evidence).



	Justification

	· This PICOST was prioritised by the ILCOR EIT taskforce to assess possible improvements in outcomes for out-of-hospital cardiac arrest patients as that is a priority for many healthcare systems. Prehospital critical care was considered as enhanced clinical competencies beyond advanced life support with dedicated EMS teams dispatched to critically ill patients. This was compared to standard advanced life support. 
· Studies were included from multiple EMS systems across the world, with seven from Japan, three from the UK, and one each from Australia, Iceland, Norway, Poland, and the USA. 
· Meta-analysis found moderate desirable effects for adult non-traumatic OHCA patients in all critical outcomes (survival, favourable neurological outcome, survival to hospital admission/ROSC) with low certainty of evidence from 14 studies reporting 1,187,100 patients. The ILCOR taskforce has made a recommendation alongside low certainty of evidence for adults with non-traumatic OHCA in light of consistent moderate desirable effects across clinical outcomes in a large number of reported patients and studies from a variety of different health care systems.  
· There were moderate desirable effects based on very low certainty of evidence for paediatric OHCA patients from one study reporting 1,187 patients. As there was only one study a limited number of patients, the ILCOR task issued a suggestion favouring prehospital critical care teams for paediatric OHCA patients. 
· The associated resource costs, cost-effectiveness, impact on health equity, and feasibility of implementation were not reported by the included studies. These costs are likely to be healthcare system specific. This systematic review demonstrates that many settings have already implemented prehospital critical care teams and they are treating many OHCA patients in contemporary clinical practice. Expanding prehospital critical care services and implementing these services in other healthcare systems is likely to incur resource, training, and EMS infrastructure costs, and hence may not be universally available. Implementing prehospital critical care teams is likely to be setting specific.


	Subgroup considerations

	No subgroup analysis was performed as only one study reported children with out-of-hospital cardiac arrest and the certainty of evidence was very low. 
Due to the specialist nature of prehospital critical care teams and the specialist nature of paediatric cardiac arrest subgroup, prehospital critical care teams may offer particular benefit. 


	Implementation considerations

	Prehospital critical care teams have already been implemented in several healthcare systems, notably Japan, Australia, United Kingdom and other parts of Europe. They currently treat a minority of patients. However, implementing prehospital critical care teams such that more patients have access to this service will present resource implications, and may not be possible in all systems. There is insufficient evidence to understand the resource implications and cost effectiveness as no study investigated that. 


	Monitoring and evaluation

	Currently there are no randomised controlled trials investigating prehospital critical care teams for out-of-hospital cardiac arrest patients. Observational studies using out-of-hospital cardiac arrest registries have supported most of the evidence gathering in this review.[4–6,12–22] Registries allow monitoring of clinical activity and effectiveness and will be valuable in supporting iterative quality improvement. 


	Research priorities

	· The evidence on children with out-of-hospital cardiac arrest is based on only one study. More evidence is required to understand if the individualised and enhanced care provided by prehospital critical care teams confers clinical benefit.  
· Which patient groups would benefit most from prehospital critical care teams in order to optimise emergency medical service systems and target care delivery. 
· The optimal composition of prehospital critical care teams, their professional background, and training requirements are unknown. This may be EMS system specific. 
· The enhanced interventions prehospital critical care teams are delivering and what interventions are resulting in the observed desirable effects. 
· Cost-effectiveness of prehospital critical care teams and implementation costs. This may be EMS system specific. 
· There is no data from RCTs investigating prehospital critical care teams for OHCA. 
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