	QUESTION

	Short PICO title here

	POPULATION:
	Adults and children with cardiac arrest in any setting

	INTERVENTION:
	Charging the defibrillator prior to rhythm analysis

	COMPARISON:
	Charging the defibrillator after rhythm analysis

	MAIN OUTCOMES:
	Survival to hospital discharge, 30 days or greater than 30 days with good neurological outcome, and survival to hospital discharge 30 days or greater than 30 days were ranked as critical outcomes. Return of spontaneous circulation (ROSC) and event survival was ranked as an important outcome. Other outcomes considered were defibrillation success, pre-shock pause, hands-off time, post-shock pause, peri-shock pause, compression-fraction, hands-on time and provider safety (inadvertent shocks).

	SETTING:
	All settings

	PERSPECTIVE:
	

	BACKGROUND:
	This nodal review, conducted by the Basic Life Support (BLS) and Advanced Life Support (ALS) Taskforces, is the first systematic review on anticipatory charging undertaken by the International Liaison Committee on Resuscitation (ILCOR). A previous scoping review performed by the ALS Task Force in 2019 concluded that "anticipatory manual defibrillator charging appears to be feasible in the clinical setting, although its impact on clinical outcomes is uncertain."1 That review identified only one clinical study addressing anticipatory charging in in-hospital cardiac arrests, alongside three manikin-based simulation studies.

	CONFLICT OF INTERESTS:
	Ziad Nehme: Intellectual



ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Pauses in chest compressions during cardiac arrest are associated with poorer outcomes, including shock success and patient survival.2-4 Pauses for rhythm interpretation and defibrillation are the most significant source of interruptions in chest compressions.5 To eliminate pauses during resuscitation, some health services and emergency medical services (EMS) have adopted a method of rhythm analysis that involves pre-charging the defibrillator in anticipation of rhythm analysis and defibrillation. The approach, known as anticipatory charging, differs to current practices where chest compressions are paused for both rhythm analysis and charging (known here as standard charging) or paused only for rhythm analysis before recommencing chest compressions during charging (the charging method described in the 2010 ERC/AHA guidelines).6, 7

	


	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	Favourable neurological survival at discharge or 30-days
For the critical outcome of favourable neurological survival at discharge or 30-days, we identified very low certainty evidence (downgraded for risk of bias and indirectness) from one cohort study.8 In a retrospective study of 737 OHCA, patients receiving a bundled intervention consisting of anticipatory charging were associated with higher risk-adjusted odds of neurologically intact survival at discharge (CPC 1 or 2) compared with patients not treated with the bundle (AOR 2.3, 95% CI: 1.3, 4.0).8  

Survival to hospital discharge or 30-day survival
For the critical outcome of survival to hospital discharge or 30-day survival, we identified very low certainty evidence (downgraded for risk of bias, indirectness and imprecision) from three cohort studies.9-11 In a before-and-after study of 178 adult OHCA patients, anticipatory charging was not associated with improved survival to hospital discharge compared with a combination of standard charging and the ERC 2010 charging method (absolute difference = 4.6%, 95% CI: -9.7%, 18.9%).10 Conversely, two studies from Victoria, Australia, conducted over the same time period, including one involving 10600 adult OHCA (excludes EMS witnessed patients)11 and another including 1981 EMS witnessed OHCA,9 found that the introduction of a bundle of care, including anticipatory charging, was associated with improved survival to hospital discharge compared with standard charging using semi-automatic defibrillation (AOR 1.33, 95% CI 1.11, 1.58 and AOR 1.37, 95% CI: 1.00, 1.88, respectively). 

Return of spontaneous circulation (ROSC) and event survival 
For the important outcome of return of spontaneous circulation, we identified very low certainty evidence (downgraded for risk of bias, indirectness and imprecision) from four cohort studies.8-11 A before-and-after study of 178 adult OHCA patients found that anticipatory charging was not associated with improved ROSC compared with a combination of standard charging and the ERC 2010 charging method (absolute difference = –1.0%, 95% CI: –16.0%, 14.0%).10 Another retrospective study of 10600 adult OHCA found that the introduction of a bundle of care, including anticipatory charging, was associated with improved ROSC (AOR 1.13, 95% CI: 1.01, 1.27) and event survival (AOR 1.21, 95% CI: 1.07, 1.36) compared with standard charging using semi-automatic defibrillation.11 Another study from the same region/period,9 involving 1981 EMS witnessed OHCA, found that the introduction of the same bundle of care was not associated with improved ROSC (AOR 0.85, 95% CI: 0.67, 1.10) or event survival (AOR: 1.03, 95% CI: 0.80, 1.32) compared with standard charging using semi-automatic defibrillation. In another retrospective study of 737 OHCA, patients receiving a bundle of care, including anticipatory charging, achieved higher ROSC (absolute difference = 13.7%, 95% CI: 6.8% to 20.6%), but not event survival (absolute difference = 2.3%, 95% CI: –4.7% to 9.3%), compared to patients not treated with the bundle.8 

CPR quality
For the outcome of CPR quality, we identified very low certainty evidence (downgraded for risk of bias, indirectness and imprecision) from three cohort studies.10-12 
· Pre-shock pause: Three studies reported on this outcome. One study identified a reduction in preshock pauses with anticipatory charging compared with the standard charging.10 Another cohort study identified that a bundle of care including anticipatory charging was associated with a reduction in pre-shock pauses compared to the standard charging using semi-automatic defibrillation.11 A study of in-hospital cardiac arrest found that anticipatory charging did not reduce pre-shock pauses compared with the ERC 2010 charging method, although a combination of anticipatory charging and the ERC 2010 method was associated with lower pre-shock pauses compared to the standard charging.10  
· Post-shock pause: Two studies reported on this outcome. One study found that anticipatory charging reduced post-shock pauses compared to standard charging.10 Two studies found no difference in post-shock pauses between the anticipatory and ERC2010 charging method.10, 12
· Peri-shock pause: One study reported on this outcome and found that anticipatory charging reduced peri-shock pauses compared to standard charging, but increased peri-shock pauses compared to the ERC2010 charging method.10 
· Chest compression rate and depth: Two studies reported effects on chest compression rate and depth. One study found that a bundle of care including anticipatory charging increased compression depth compared to standard charging using semi-automatic defibrillation,11 while another identified that both the anticipatory and ERC2010 charging methods were associated with higher compression rates compared to standard charging.12
· Chest compression fraction: One study reported on chest compression fraction and found that anticipatory charging increased hands-on chest time compared with standard charging.10

	


	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	The effects of anticipatory charging on clinically important outcomes were inconclusive. Although no study reported harm with the use of anticipatory charging, the majority of studies found no association with neurologically intact survival and survival to hospital discharge/30-days. For the outcome of provider safety, we identified very low certainty evidence (downgraded for risk of bias) from one cohort study.12 The retrospective study of 225 in-hospital cardiac arrests showed that anticipatory charging was associated with similar rates of inadvertent shock administration compared with standard defibrillation (1.5%, 95% CI: –1.4% to 4.4%) and compared with defibrillation using the ERC2010 method (absolute difference = 1.5%, 95% CI: –1.4%, 4.4%). This study is too small to inform the safety profile of anticipatory charging.12
	In theory, charging the defibrillator before rhythm analysis introduces a small but real risk of inappropriate shock delivery—either because the rhythm is misinterpreted under pressure or because the operator reflexively discharges the defibrillator once the device is ready. Existing studies suggest these events are uncommon, but most data come from one small observational study.12 There is also minimal evidence describing near-misses, human-factor errors, or unintended workflow consequences introduced by early charging. As a result, although anticipatory charging appears operationally safe, the actual risk of inadvertent shock or provider exposure is still poorly quantified. The small risk of a rescuer receiving an inadvertent shock may be minimised even further if all rescuers wear gloves. 13

	Certainty of evidence
What is the overall certainty of the evidence of effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	X Very low
○ Low
○ Moderate
○ High
○ No included studies

	The certainty of evidence for all outcomes was very low, downgraded for risk of bias and indirectness. The effects of anticipatory charging on clinically important outcomes were also inconclusive. Those that reported positive associations with clinical outcomes involved bundles of care consisting of anticipatory charging and other major modifications to resuscitation.8, 9, 11 These studies are limited by indirectness. The sample size in most clinical studies lacked the power to demonstrate clinically meaningful improvements in patient outcomes from modest reductions in CPR interruptions.10, 12

	


	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
X Possibly important uncertainty or variability
○ Probably no important uncertainty or variability
○ No important uncertainty or variability

	Only one study was identified that provided adjusted estimates of the intervention effect for favourable neurological survival at discharge. In that retrospective study, patients receiving a bundled intervention consisting of precharging of the defibrillator during chest compressions were associated with higher risk-adjusted odds of neurologically intact survival at discharge (CPC 1 or 2) compared with patients not treated with the bundle (AOR 2.3, 95% CI: 1.3, 4.0).7   No studies examined quality of life outcomes or longer-term patient outcomes. Neither study compared anticipatory charging to the ERC/AHA 2010 charging methods. 
	


	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
X Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know

	We did not find any evidence that anticipatory charging was superior to existing methods described in the 2010 ERC/AHA guidelines for patient outcomes. It was also unclear if anticipatory charging improves CPR quality compared to the ERC/AHA 2010 method. Studies that reported positive associations with clinical outcomes involved bundles of care consisting of anticipatory charging and other major modifications to resuscitation compared with standard defibrillation.3, 5, 7 These studies may be limited by indirectness. 
	


	Resources required
How large are the resource requirements (costs)?"

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	The Task Force balanced the importance of reducing interruptions to CPR with the likely cost and resource implications associated with training health care professionals and teams in the use of anticipatory charging. Unlike the standard approach, anticipatory charging likely involves greater training and resource burden to ensure teams are able to adequately implement safe defibrillation practices in high-performing environments. However, the cost associated with using anticipatory charging is unlikely to be different from existing methods of hands-on charging described in 2010 ERC/AHA guidelines.17, 18
	


	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
X No included studies

	There were no economic evaluations of the two treatment strategies.

	


	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
X Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies

	Anticipatory charging is likely to be as cost-effective as other methods of charging with chest compressions, such as those described in the 2010 ERC/AHA guidelines.17, 18

	


	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Reduced
○ Probably reduced
X Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know

	It is unlikely that anticipatory charging would enhance equitable access to resuscitation.

	


	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	There has already been widespread adoption of anticipatory charging and other methods of charging during CPR. Charging of the defibrillator during ongoing chest compressions was first introduced by the AHA in 2005. 

	


	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	The Task Force balanced the importance of reducing interruptions to CPR with the likely cost and resource implications associated with training health care professionals and teams in the use of anticipatory charging. Unlike the standard approach, anticipatory charging likely involves greater training and resource burden to ensure teams are able to adequately implement safe defibrillation practices in high-performing environments. The use of mnemonics such as COACHED (Compressions continue, Oxygen away, All else clear, Charging, Hands off, Evaluate rhythm, Defibrillate or Disarm)  are commonly used in practice but are often incorrectly applied.9 Health care systems should consider the initial and ongoing training requirements of anticipatory charging.
	



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

	○ 
	○ 
	X 
	○ 
	○ 





CONCLUSIONS
	Recommendation

	We suggest charging a manual defibrillator during chest compressions, either before or after rhythm analysis (weak recommendation, very low certainty evidence). Both approaches require appropriate training to ensure safe and timely defibrillation with minimal pauses in chest compressions (good practice statement). 



	Justification

	· We identified 11 studies, including 6 simulation studies and 5 cohort studies. The majority of included studies compared anticipatory charging to standard charging (e.g. pausing compressions for rhythm analysis and charging). Simulation studies suggest that anticipatory charging is feasible and can significantly reduce the duration of interruptions to chest compressions, compared with standard charging. Conversely, differences between anticipatory charging and the ERC/AHA 2010 charging method were inconsistent, with some studies reporting shorter hands-off chest delays with anticipatory charging,10, 11 while others reported longer delays.2, 12
· The effects of anticipatory charging on clinically important outcomes were also inconclusive. Those that reported positive associations with clinical outcomes involved bundles of care consisting of anticipatory charging and other major modifications to resuscitation.3, 5, 7 These studies are limited by indirectness. The sample size in most clinical studies lacked the power to demonstrate clinically meaningful improvements in patient outcomes from modest reductions in CPR interruptions.2, 6
· The majority of studies describing anticipatory charging involve manual defibrillation. Although it is generally not possible to undertake anticipatory charging using an AED, there are some simulation studies that explore the use of CPR filtering technology embedded into AEDs that allow pre-emptive charging and rhythm analysis during chest compressions. While the uptake of this technology in clinical environments is not widespread, the BLS Task Force has undertaken a separate review of the efficacy of rhythm analysis during chest compressions in another CoSTR.19 It is too soon to recommend the use of these technologies in clinical practice.      
· Anticipatory charging is often introduced into practice as part of a bundle of practices designed to reduce hands-off chest time. These bundles are often referred to as high-performance CPR, team-focused CPR or minimally interrupted cardiac resuscitation.3, 5, 7 The Task Force discussed the risk of indirectness with the inclusion of these studies, however, also acknowledged that there is unlikely to be further clinical studies exploring anticipatory charging as an isolated intervention. Their inclusion in this review has resulted in increased clinical heterogeneity between the included papers, and the effects of anticipatory charging reported in these studies should be interpreted with caution.  
· Evidence on the safety profile of anticipatory charging remains limited. In theory, charging the defibrillator before rhythm analysis introduces a small but real risk of inappropriate shock delivery—either because the rhythm is misinterpreted under pressure or because the operator reflexively discharges the defibrillator once the device is ready. Existing studies suggest these events are uncommon, although most data come from one small observational study and may be too small to determine the real-world incidence inadvertent shocks.6 There is also minimal evidence describing near-misses, human-factor errors, or unintended workflow consequences introduced by early charging. As a result, although anticipatory charging appears operationally safe, the actual risk of inadvertent shock or provider exposure is still poorly quantified. The small risk of a rescuer receiving an inadvertent shock may be minimised even further if all rescuers wear gloves.20



	Subgroup considerations

	


	Implementation considerations

	The Task Force balanced the importance of reducing interruptions to CPR with the likely cost and resource implications associated with training health care professionals and teams in the use of anticipatory charging. Unlike the standard approach, anticipatory charging likely involves greater training and resource burden to ensure teams are able to adequately implement safe defibrillation practices in high-performing environments. 



	Monitoring and evaluation

	


	Research priorities

	1. Although anticipatory charging reduces interruptions in CPR, robust evidence linking it to improved patient outcomes are still lacking.
2. Evidence is limited in how often anticipatory charging leads to adverse events (e.g. near-misses, incorrect shock delivery, or increased provider exposure to electrical risk).
3. While anticipatory charging can reduce peri-shock pauses, its real-world effect on hands-off time across different teams, systems, and levels of provider training remains poorly quantified.
4. The optimal method of charging and rhythm analysis remains unclear, and further comparisons are required between anticipatory charging and the ERC/AHA 2010 method.
5. Further studies are required to examine the impact of anticipatory charging on inappropriate shocks for asystole and pulseless electrical activity. 
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