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Contributing factors to early recurrence of ventricular fibrillation during out-of-hospital cardiac arrest: An observational retrospective study
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ABSTRACT Introduction

In out-of-hospital cardiac arrest (OHCA), external electric shock (EES) is recommended for treating ventricular fibrillation (VF). Refibrillation commonly occurs within one minute postshock. We aimed to investigate refibrillation times and identify clinical and electrical factors associated with them.

Materials and Methods

This retrospective observational study, based on the Paris Fire Brigade database, included non-traumatic OHCA over 18 years of age who received at least one shock with an AED from Basic Life Support (BLS) rescuers and from which we randomly selected a sample to measure the refibrillation-times. Without prior reference to it in the literature, we classified the refibrillation-time into two modalities according to whether it was above or below the mediantime. We performed multiple regression analysis to assess associations between refibrillation-time and potential explanatory factors.

Results

Among 13,181 patients who experienced OHCA from January 2010 to January 2014, we analysed AED data from 215 patients (590 shocks), 82.1% males, median age 61[IQR: 52-75] years. Most of them occurred at home (57%), were witnessed (87%), and were shockable (88.8%). A median of 5 [START_REF] Valenzuela | Outcomes of rapid defibrillation by security officers after cardiac arrest in casinos[END_REF][START_REF] Caffrey | Public use of automated external defibrillators[END_REF][START_REF] Van Alem | VF recurrence: characteristics and patient outcome in out-of-hospital cardiac arrest[END_REF][START_REF] Shanmugasundaram | Analysis of amplitude spectral area and slope to predict defibrillation in out of hospital cardiac arrest due to ventricular fibrillation (VF) according to VF type: recurrent versus shock-resistant[END_REF] EES/patients were delivered. The median-time from shock to refibrillation was 25 sec. Multivariate analysis showed that a shorter postshock hands-off time favoured earlier refibrillation (p=0.034), as well as older age (p=0.002) (Figure 2, supplementary table).

Conclusion

In non-traumatic OHCA, most refibrillations occurred within 45-sec post-shock. Age and postshock hands-off time were the two contributing factors to time to refibrillation.

MANUSCRIPT

Survival after OHCA varies depending on many factors. In a recent report, survival to hospital discharge ranged from 3.1% to 20.4% across 16 OHCA registries across the world [START_REF] Kiguchi | Out-ofhospital Cardiac Arrest across the World: First Report from the International Liaison Committee on Resuscitation (ILCOR)[END_REF]. The prognosis differs markedly for patients with initially shockable rhythms, such as ventricular fibrillation (VF), or pulseless ventricular tachycardia (VT) [START_REF] Hasselqvist-Ax | Early Cardiopulmonary Resuscitation in Out-of-Hospital Cardiac Arrest[END_REF][START_REF] Sasson | Predictors of survival from out-ofhospital cardiac arrest: a systematic review and meta-analysis[END_REF]. External electric shock (EES) is recommended for treating VF/VTs. The sooner defibrillation, the better the chance of survival [START_REF] Valenzuela | Outcomes of rapid defibrillation by security officers after cardiac arrest in casinos[END_REF][START_REF] Caffrey | Public use of automated external defibrillators[END_REF]. However, many subjects experience rapid VF/VTs recurrence [START_REF] Van Alem | VF recurrence: characteristics and patient outcome in out-of-hospital cardiac arrest[END_REF][START_REF] Shanmugasundaram | Analysis of amplitude spectral area and slope to predict defibrillation in out of hospital cardiac arrest due to ventricular fibrillation (VF) according to VF type: recurrent versus shock-resistant[END_REF] defined as a new VF episode that occurs after an initial VF termination [START_REF] Callaway | Part 4: Advanced Life Support: 2015 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment Recommendations[END_REF]. A VF recurs, in part, due to a persisting underlying cause. The only recourse for Basic Life Support (BLS) teams is to repeat EES as many times as necessary, without any recommended limitation.

Refibrillation mostly occurs within one minute post-shock [START_REF] Telesz | Recurrent ventricular fibrillation: Experience with first responders prior to advanced life support interventions[END_REF][START_REF] Conover | Resumption of Chest Compressions After Successful Defibrillation and Risk for Recurrence of Ventricular Fibrillation in Out-of-Hospital Cardiac Arrest[END_REF]. The cardiac rhythm is analysed with an automated external defibrillator (AED) every 2 min. The patient must wait until the cardiopulmonary resuscitation CPR-cycle ends before receiving the next shock [START_REF] Berdowski | Chest Compressions Cause Recurrence of Ventricular Fibrillation After the First Successful Conversion by Defibrillation in Out-of-Hospital Cardiac Arrest[END_REF][START_REF] Wilkins | Part 4: Adult Basic Life Support[END_REF]. However, CPR provides only partial blood flow; thus, waiting is harmful [START_REF] Telesz | Recurrent ventricular fibrillation: Experience with first responders prior to advanced life support interventions[END_REF][START_REF] Berdowski | Chest Compressions Cause Recurrence of Ventricular Fibrillation After the First Successful Conversion by Defibrillation in Out-of-Hospital Cardiac Arrest[END_REF][START_REF] Berdowski | Time in Recurrent Ventricular Fibrillation and Survival After Out-of-Hospital Cardiac Arrest[END_REF].

This study aimed to describe the time to refibrillation in OHCAs and identify clinical and electrical factors associated with them.

Materials and methods

Study design

This retrospective observational study retrieved data from the Paris Fire Brigade database on OHCAs that occurred in Paris and suburbs. The French Committee for Ethics in Anaesthesia-Resuscitation-Research approved the protocol (IRB 00010254-2020-033).

Setting

The Paris Fire Brigade covers 62 km 2 (7 million inhabitants) with a two-tiered physicianmanned emergency system. The first tier is provided by BLS crews, which are staffed with three to five firefighter-rescuers who can apply an AED (not switchable to manual mode).

They respect the international guidelines despite providing CPR with an active compressiondecompression device.

Participants

We used a two-step inclusion procedure. The first step was focused on the patient, and the second step was focused on the CPR-cycle patterns. First, we included patients over 18 years that experienced non-traumatic OHCAs and received at least one EES with an AED.

Then, we randomly selected 40 patients in each of the strata of the variable "number of shocks administered" (1,2…7, and >7). This 40 number per-strata was intended to provide robustness to the normality of the distribution within each stratum. In the end, we included all patients in the last stratum, due to their small number. Second, since we were given access to the traces only after randomisation, we secondary excluded patients with non-interpretable electrocardiographs (ECGs), non-readable thoracic-impedance variation lines, and CPRcycle patterns that showed refibrillation-times without the observation window between 5 and 120-seconds post-shock (Figure 1, supplementary file)

Variables

We collected the Utstein variables (age, gender, location, bystander status, response time) and AED data, including the ECG trace, thoracic impedance variation curve, initial heart rhythm, VF amplitude, pre-and post-shock hands-off time, CPR-ratio, chest compression (CC) frequency, post-shock rhythm, number of analysis, and time to refibrillation.

Defibrillation was considered successful when VF terminated for over 5 sec, after shock delivery. We defined refibrillation as recurrence of VF within 5 to 120-sec post-shock [START_REF] White | Refibrillation, resuscitation and survival in out-of-hospital sudden cardiac arrest victims treated with biphasic automated external defibrillators[END_REF]. In the absence of any prior reference in the literature, we classified the refibrillation-time into two modalities according to whether it was above or below the median time.

The post-shock hands-off times were categorized into four groups: 1-5, 6-10, 11-30,>30sec [START_REF] Conover | Resumption of Chest Compressions After Successful Defibrillation and Risk for Recurrence of Ventricular Fibrillation in Out-of-Hospital Cardiac Arrest[END_REF]. The CPR-ratio was defined as the time to achieve CPR / total-CPR-cycletime before shock delivery (Supplementary Figure ).

Data Sources

For each OHCA, firefighters transmitted a case-report form to the Sudden Death Expertise Centre (SDEC) [START_REF] Marijon | Sudden death expertise centre: A multi disciplinary approach for sudden death[END_REF][START_REF] Bougouin | Characteristics and prognosis of sudden cardiac death in Greater Paris[END_REF]. We retrieved ECGs and impedance records from AED internal storage files. We used specific software to measure the hands-off times; physicians assessed the times to VF recurrence manually, with twofold-checking for difficult cases.

Statistical Analysis

Continuous variables were expressed as mean (standard deviation) or median [interquartilerange 25th-75 th ] depending on their distribution, categorical data as percentage.

Comparisons used the chi-square test for categorical variables, and the Student or Mann-Whitney-Wilcoxon or Kruskal-Wallis test, when appropriate, for continuous variables. The linearity of quantitative variables was checked with fractional polynomial regression. For nonlinear data, continuous variables were evaluated as categorical variables.

We used generalized linear latent and mixed models (GLAMM) to analyse repeated data, with the link function logit and the binomial family. Associations between time to VF recurrence and potential explanatory factors were evaluated with multiple regression analysis. We constructed a multivariate logistic regression model to identify variables with p<0.2 and applied a stepwise-descending method to select variables with p<0.05 for the final multivariate model. All tests were bilateral, with a 5% significance level. Randomisation was a computer-based process. Analyses were performed with STATA 14.0 (StataCorp,College Station,TX).

Results

We identified 13,181 OHCAs that occurred from January 2010 to January 2014 (49/100,000 inhabitants/year). Of the 1,590 patients that received at least one EES, we randomly selected data (Figure 1). Their epidemiological characteristics were comparable to those of the initial 1,590 patients. They were mostly men (82.1%), with a median age of 61(IQR: 52-75) years.

Most OHCAs occurred at home (57%), were witnessed (87%), and the initial cardiac rhythm was VF/VT(88.8%). The median number of EES per patient was 5[IQR:4-7]. Among 590 EES patterns, 260 showed pre-shock coarse VF. The median pre-and post-shock hands-off-times were, respectively, 23.3 [19.3-27.3] and 7.4[5.9-11.2] sec. The median-time from shock to refibrillation was 25 sec (Table 1). In univariate analysis, female gender (p=0.02), older age (p=0.03), and shorter post-shock hands-off times (p=0.02), favoured earlier refibrillation. No other variables were associated with refibrillation precocity, including the number of EESs administered (p=0.68). Multivariate analysis showed that a shorter postshock hands-off times favoured earlier refibrillation (p=0.034), as well as an older age (p=0.002)(Figure 2 

and supplementary table).

Discussion

To date, this retrospective study was the largest (590 refibrillation patterns) to investigate factors associated with refibrillation precocity. The median time to refibrillation (25 sec,IQR:13-44)was early in the currently recommended 2-min interval between CPR-cycles.

Age and post-shock hands-off time were associated with refibrillation precocity. The postshock hands-off time did not depend on the initial AED rhythm (e.g., asystole, pulseless electrical activity (PEA), VF), the post-shock rhythm (asystole versus PEA), or the number of shocks administered.

-Methodology

To measure refibrillation time, we needed to collect as many refibrillation episodes as possible, based on technical limitations for ECG pattern extraction. Patients with fewer shocks were the least informative on this point. For our cohort, the previously decided number of patients randomised per-stratum (n=40), led to over-represent multi-shocked patients, but allowed recovery of more refibrillation episodes. Regarding the model's post-estimation, the residuals appear graphically close to a Gaussian distribution; additional research may identify further variables to improve the model.

-Time to refibrillation

Our observed refibrillation precocity was consistent with recent studies. Conover reported a time to refibrillation of 39 sec, Telesz a 55% recurrence rate within a 30-sec postshock period [START_REF] Telesz | Recurrent ventricular fibrillation: Experience with first responders prior to advanced life support interventions[END_REF][START_REF] Conover | Resumption of Chest Compressions After Successful Defibrillation and Risk for Recurrence of Ventricular Fibrillation in Out-of-Hospital Cardiac Arrest[END_REF]. We observed that recurrence precocity led to VFs that lasted until the end of the CPR-cycle imposed by the AED.

-

Post-shock CC resumption and refibrillation time

Refibrillation was all the more delayed as the BLS team was late in resuming post-shock CC.

It is well-documented that the force generated by CC can cause ventricular capture followed by a VF recurrence [START_REF] Berdowski | Chest Compressions Cause Recurrence of Ventricular Fibrillation After the First Successful Conversion by Defibrillation in Out-of-Hospital Cardiac Arrest[END_REF][START_REF] Osorio | Effect of chest compressions on ventricular activation[END_REF]; that delaying CPR after the shock can result in later VF recurrences [START_REF] Berdowski | Time in Recurrent Ventricular Fibrillation and Survival After Out-of-Hospital Cardiac Arrest[END_REF]; and that most VF recurrences occur within 10 sec of initiating CC [START_REF] Telesz | Recurrent ventricular fibrillation: Experience with first responders prior to advanced life support interventions[END_REF]. In general, it may be plausible that CPR could be linked to VF recurrence [START_REF] Hill | The environment and disease: association or causation?[END_REF]. Prolonged cumulative post-shock CC times lead to coronary perfusion pressures and a critical mass of excited myocardium, which condition the heart muscle to be conducive to VF recurrences.

-Association between age and refibrillation precocity

Myocardial aging create a substrate for re-entrant ventricular arrhythmias. Ischemia can reduce the resting threshold of myocardial cells and facilitate ventricular arrhythmias [START_REF] Sangaralingham | The aging heart, myocardial fibrosis, and its relationship to circulating C-type natriuretic Peptide[END_REF]. This phenomenon might explain previous evidence showing older patients needing fewer stimuli to refibrillate.

-

Perspectives

The refibrillation precocity may suggest AED rhythm analysis should be anticipated to limit the time in VF. The consequences of such a change would need to be balanced with the capacity for lay responders to adhere to.

-

Limitations

This study had limitations. First, it was retrospective designed. Second, refibrillation-time was expressed as a dichotomous variable, the cut-off corresponding to the median-time value.

Since this might not be clinically relevant, it ensured a balanced distribution between groups.

As the median-time may vary between populations, we cannot suggest systems use the same cut-off value, but rather consider analysing their population-specific refibrillation-times.

Third, the sample was not representative of the population in terms of number of patients per-stratum of number of shocks. Fourth, the study may have been undersized due in part to secondary exclusions, increasing the challenge of replicating our results.

Conclusion

For non-traumatic adult OHCAs in VF/VT, age and post-shock hands-off time were significant contributing factors to earlier VF recurrence. Although these findings need confirmation, they may contribute to further research on the causes and consequences of time spent in VF during OHCA. 

Figure 1 .

 1 Figure 1. Flow chart Patients from the Paris OHCA cohort, from January 2010 to January 2014. Abbreviations: OHCA, Out-of-hospital cardiac arrest ; ALS, advanced life support; BLS, basic life support; AED, automated external defibrillator.

Figure 2 ..

 2 Figure 2. Factors associated with the refibrillation status (early vs. late) in multivariate analysis, after stepwise descending procedure. A longer post-shock hands-off time favoured late refibrillation, while older age favoured early refibrillation..

Table 1 .

 1 Baseline characteristics and outcomes (a), AED and Resuscitation characteristics (b). Abbreviations: AED, automated external defibrillator; CC, chest compression; CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation; VT ventricular tachycardia. *median [25th-75th percentile]; **mean (standard deviation); ***7 missing data (N=208); †10 missing data (N=205) ; † †8 lost to follow-up ;

		61 [52-75]	
	**	62.8 ± 15	
	Response time: Call to AED switch on (min)*	9.2 [4.7-13]	
			Time from shock to
		n (%)	VF recurrence* (sec)
	Gender		
	Men	170 (82.1)	25 [13-46]
	Women	37 (17.9)	21 [12-38]
	Bystander***		
	No Bystander	27 (13.0)	25 [14-47]
	Bystander without CC performed	100 (48.1)	19.5 [12-38.5]
	Bystander with CC performed	81 (38.9)	27 [13-42]
	Location †		
	Home	118 (57.6)	23 [12-42]
	Public	69 (33.7)	28 [14-44]
	Other	18 (8.7)	34 [15-58]
	Rhytm at AED Switch on		
	Not shockable	24 (11.2)	17.5 [10-33.5]
	Shockable	191 (88.8)	25 [13-46]
	No. Of shocks delivered per patient*	5 [4-7]	
	Outcomes		
	Death on site	113 (52.6)	23 [13-42]
	Survival to hospital admission	102 (47.4)	25 [13-47]
	Survival to hospital discharge † †	28 (13.0)	35 [16-62]
	(b)		
	Number of analyses with shockable rhythm	590	
	Shock outcomes -n (%)		
	VT	8 (1.4)	
	Asystole	359 (60.8)	
	Organized rhythm	223 (37.8)	
	Time from shock to refibrillation (sec)*	25 [13-44]	
	Chest compression rate per min*	101 [99-106]	
	Ratio (%) *		
	Pre-shock CPR Ratio	76.0 [72.7-80]	
	Pre-shock CC Ratio	61.8 [55-67.4]	
	Times (sec)*		
	Preshock CC hands off time	23.3 [19.3-27.3]	
	Postshock CC hands off time	7.4 [5.9-11.2]	
	AED-Analysis duration	10.3 [9.1-10.3]	
	Time from Analysis to Shock	20.4 [17.0-23.2]	
	VF Amplitude -n (%)		
	Fine	324 (55.5)	
	Coarse	260 (44.5)	
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