	QUESTION

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

	POPULATION:
	Adults with cardiac arrest in any setting.

	INTERVENTION:
	Intravascular volume therapy after cardiac arrest.

	COMPARISON:
	No intravascular volume therapy or a different intravascular volume therapy after cardiac arrest (a different type, volume, or timing).

	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. Optimal fluid management after cardiac arrest is uncertain.
	This topic was prioritized given evolving evidence.

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Prehospital infusion of cold crystalloids:
RCTs of prehospital infusion of cold normal saline compared to standard care showed no benefit in survival to hospital discharge and favorable neurological outcome. Subgroup analyses stratified by fluid type showed no significant difference in treatment effect between cold normal saline and Ringer's solution (P = 0.47 for survival; P = 0.61 for favorable neurological outcome).
In-hospital balanced crystalloids vs normal saline
One RCT of in-hospital use of balanced crystalloids compared to normal saline showed no benefit in survival to hospital discharge, survival at 6 months, and favorable neurological outcome.
In-hospital hypertonic saline with HES 
One RCT of in-hospital use of hypertonic saline plus hydroxyethyl starch (HES) compared to crystalloids showed no benefit in survival at 1 year.
	The cold crystalloid trials were designed to induce therapeutic hypothermia rather than for volume resuscitation purposes. The interpretation of these trials was limited by the control group often receiving ambient temperature fluids in addition to ice-cold crystalloids.

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Prehospital infusion of cold crystalloids
One RCT reported higher rates of pulmonary edema (256/631 [41%] vs 184/609 [30%]; P < 0.001) and re-arrest (176/686 [26%] vs 138/671 [21%]; P = 0.008) with prehospital infusion of cold normal saline compared to standard care
In-hospital balanced crystalloids
One RCT reported no difference in development of acute kidney injury (11/27 [41%] vs 7/26 [27%]; P = 0.29) or major adverse kidney events within 30 days (14/27 [52%] vs 7/26 [27%]; P = 0.06).
In-hospital hypertonic saline with HES
No adverse events relevant to the PICOST question were reported in a single trial.
	Undesirable effects vary depending on the specific volume therapy strategy. 
Normal saline causes hyperchloremic acidosis and may be associated with increased risk of acute kidney injury in critically ill patients compared to balanced crystalloids. However, this evidence is not specific to cardiac arrest, and concerns have been raised about the lower tonicity of balanced fluids, which could potentially worsen cerebral edema.
Evidence for hypertonic solutions with hydroxyethyl starch has limited relevance as hydroxyethyl starch solutions has been withdrawn from or heavily restricted in most countries because an increased risk of coagulopathy, acute kidney injury, and mortality in multiple large trials of critically ill patients.

	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 trials ranged from very low to low across different comparisons and outcomes downgraded for risk of bias, indirectness, and imprecision.
The observational studies addressing post-arrest volume therapy were highly heterogeneous and at serious or critical risk of bias, precluding meaningful meta-analysis.
	

	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 available evidence does not clearly favor any specific volume therapy strategy over another for post-cardiac arrest care.

	

	Resources required

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Crystalloid solutions are low-cost in most settings. 
	

	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

	Standard crystalloid solutions are widely available in most prehospital and hospital settings.
	

	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.
	Most interventions considered are currently used in clinical practice and are 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

	Standard crystalloid solutions are widely available in most prehospital and hospital 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 against the use of hydroxyethyl starch solutions during cardiopulmonary resuscitation or after return of spontaneous circulation (strong recommendation, very low-certainty evidence).
There is insufficient direct evidence to recommend for or against the use of specific volume therapies immediately after return of spontaneous circulation in patients with undifferentiated non-traumatic cardiac arrest.


	Justification

	· Trials evaluating rapid infusion of ice-cold crystalloids were designed to induce therapeutic hypothermia rather than evaluate volume resuscitation. The interpretation of these trials was limited by the control group often receiving ambient temperature fluids in addition to ice-cold crystalloids.
· Only one small trial (Woo et al., 2023) directly compared balanced crystalloids to normal saline in the post-arrest setting. Normal saline causes hyperchloremic acidosis and may be associated with increased risk of acute kidney injury in critically ill patients compared to balanced crystalloids. However, this evidence is not specific to cardiac arrest, and concerns have been raised about the lower tonicity of balanced fluids, which could potentially worsen cerebral edema.
· Hydroxyethyl starch solutions, regardless of their formulation (such as Hespan, HAES-steril, and Voluven), have been withdrawn from or heavily restricted in most countries because of an increased risk of coagulopathy, acute kidney injury, and mortality in multiple large trials of critically ill patients.
· The observational studies were all at serious or critical risk of bias and evaluated highly heterogeneous populations and interventions. These studies generally found no consistent association between volume therapy and outcomes.
· Given the lack of direct evidence comparing different fluid strategies in the post-arrest setting, the task force could not make a recommendation for any specific volume therapy.



