	QUESTION

	SHOULD INTRAVASCULAR VOLUME THERAPY BE USED AFTER RETURN OF SPONTANEOUS CIRCULATION?

	POPULATION:
	Adult patients who suffer a cardiac arrest in any setting.

	INTERVENTION:
	Intramuscular (IM) route of epinephrine administration.

	COMPARISON:
	IV/IO epinephrine administration.

	MAIN OUTCOMES:
	Any clinical outcome.


ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Survival for cardiac arrest remains poor despite advances in resuscitation. IM epinephrine is a relatively inexpensive intervention that can be delivered by a variety of first responders and enable earlier administration of epinephrine.
	This topic was chosen for review because it has never been systematically reviewed by ILCOR. It was prioritized by the ALS Task Force as there is great interest in the topic after a recent publication.

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Only one clinical study was identified. The study was single-center study comparing patient outcomes before and after implementation of an early, first-dose IM epinephrine EMS protocol for adult OHCA patients. In both groups epinephrine 1 mg IV or IO was provided every 3–5 min once vascular access was established. The pre-intervention period took place between January 2010 and October 2019. The post-intervention period was between November 2019 and May 2024.
5 animal studies were identified. The animal studies were heterogenous with regards to methodology and interventions precluding any meaningful synthesis of the results
	If the effect of IM epinephrine is similar or attenuated compared to IV/IO epinephrine the desirable effect on clinical important outcomes is likely small. 

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	There no sign of a potential undesirable effect of IM epinephrine in the one clinical study that was identified. 
	The potential undesirable effects includes necrosis and infection at the injection site. 
Furthermore, it is unclear whether prioritizing IM epinephrine potentially delays other important interventions. 

	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 was judged at very low-certainty evidence (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

	The importance of survival and neurologically intact survival is generally agreed upon.
	

	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

	The one study that was identified showed a clear effect of IM epinephrine, however the study was single-center study comparing patient outcomes before and after implementation of an early, first-dose IM epinephrine EMS, making it at serious risk of confounding.
	

	Resources required

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	IM epinephrine is low-cost in most settings and possible at a lower cost that IV/IO epinephrine.
	

	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 relevant studies were identified.
	

	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 cost-effectiveness data were identified.
	

	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

	IM epinephrine is low-cost in most settings and possible at a lower cost that IV/IO epinephrine. However, whether IM epinephrine compared to no epinephrine is effective is unknown. 
	

	Acceptability
Is the intervention acceptable to key interest-holders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	No relevant studies were identified.
	here is great public interest in the intervention, and it is likely acceptable to stakeholders.

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	IM administration of epinephrine is standard practice for the treatment of anaphylaxis. 
	


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

	There is insufficient evidence to recommend adding intra-arrest intramuscular epinephrine to standard resuscitation care for cardiac arrest. (weak recommendation, very-low certainty of evidence). 

	Justification

	· The TF recognized that intramuscular epinephrine is an interesting area of research and has gained increased attention. It is a relatively inexpensive intervention that can be delivered by a variety of first responders and enable earlier administration of epinephrine. In the management of cardiac arrest, earlier epinephrine is associated with improved clinical outcomes, however these studies are confounded by resuscitation time bias.14 Additionally, in a secondary analysis of the PARAMEDIC2 study, shorter time to treatment, whether treatment was adrenaline or placebo, was also associated with improved outcome. 
· The key historical concern regarding IM epinephrine has been uncertainty regarding its absorption in cardiac arrest. The limited available data suggest that IM epinephrine may be associated with earlier administration, but the clinical effect on outcomes remains uncertain. However, the Task Force felt that it would be premature to recommend the use of IM epinephrine at this stage given that evidence is limited to a single observational study and extrapolation of potential benefit from studies exploring the association between time to drug administration and clinical outcome. The task force highlighted the need for randomized controlled trials to evaluate IM epinephrine in cardiac arrest, with a focus on shortening the time to first dose by administering epinephrine IM compared with IV/IO. The ALS TF considered that some patients receiving CPR may have been in a low flow state and they may be a group that potentially would benefit from early IM epinephrine. 
· Only one observational study was identified that evaluated a first-dose intramuscular (IM) epinephrine protocol for adult out-of-hospital cardiac arrest (OHCA) patients, followed by advanced life support and intravenous/intraosseous (IV/IO) epinephrine administration. Consequently, the treatment recommendation does not extend to settings where subsequent advanced life support and IV/IO epinephrine administration are not available. The task force discussed the possibility that IM epinephrine could be useful in such settings, but the evidence is too sparse (no human data comparing IM with IV/IO) to support a recommendation. In addition, the task force discussed whether focus on IM epinephrine could result in delay of standard CPR. 
· Finally, the taskforce discussed whether the slower absorption of IM epinephrine compared to IV could be beneficial in the early post-resuscitation phase where hypotension is common and associated with poor outcomes, however this remains unknown.  
· The relevance of the current topic is unknown for patients with in-hospital cardiac arrest where time to drug administration is shorter due to the high prevalence of pre-existing vascular access and earlier initiation of advanced life support.
· Animal studies were included in the systematic review but the results should be interpreted with caution due to risk of bias and generalizability to humans. In addition, time to drug administration in animals does not reflect the human clinical experience, where epinephrine administration is often delayed compared to animal studies.



