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What is known
The COVID-19 pandemic might affect the bystander response to and the outcomes of pediatric out-of-hospital cardiac arrest (OHCA).
What is new
In this observational study, including 7,582 pediatric patients with OHCA, the rates of neurologically favorable 1-month survival rate, bystander cardiopulmonary resuscitation, dispatcher-assisted CPR attempt, and the proportion of compression-only CPR considerably increased during the COVID-19 pandemic year 2020. The improved outcomes of pediatric OHCA are associated with increased preparedness for health crises in communities. 
(586 characters)

ABSTRACT
Purpose: To clarify the impact of the 2020 COVID-19 pandemic on bystanders’ response to and the outcomes of pediatric OHCA in Japan
Methods: Prospectively collected nationwide population-based data of 9,212 pediatric (≤18 years) OHCA cases recorded between 2017 and 2020 were combined with another database, including detailed location information. After excluding 610 emergency medical service (EMS)- and physician-witnessed cases, 62 cases without any prehospital resuscitation effort, and 430 newborns, 7,582 were finally analyzed. The primary outcome was neurologically favorable 1-month survival (cerebral performance category=1 or 2). We examined the detailed variations in characteristics and outcomes of OHCA between the pre-pandemic and pandemic years. 
Results: The neurologically favorable 1-month survival rate of pediatric OHCA, provision of bystander cardiopulmonary resuscitation (BCPR), compliance to DA-CPR, and proportion of compression-only BCPR considerably increased in the pandemic year 2020. The improvement of neurologically favorable 1-month survival in 2020 was significant in locations other than childcare/education facilities and for witnessed OHCA and OHCA during days other than temporary school closure. The superiority of conventional BCPR to compression-only BCPR in neurologically favorable outcomes was enhanced in 2020.
Conclusions: The 2020 COVID-19 pandemic increased the rates of bystander CPR and the neurologically favorable survival of OHCA in children. However, these increases varied depending on location, the pandemic phase, and witness status. Improved preparedness for health crises in communities might have contributed to reduced reluctance to perform CPR and improved outcomes for patients with OHCA in the 2020 pandemic. The benefits of conventional BCPR was enhanced during this pandemic.
(249 words)
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Abbreviations
BCPR: bystander cardiopulmonary resuscitation
CI: confidence intervals.
CPR: cardiopulmonary resuscitation
DA-CPR: dispatcher-assisted cardiopulmonary resuscitation.
EMS: emergency medical service.
FDMA: Fire and Disaster Management Agency.
OR: odds ratio.




INTRODUCTION
COVID-19-related mortality among the Japanese pediatric population during the 2020 pandemic was relatively insignificant [ref]. The COVID-19 pandemic has influenced people’s lifestyles and organizational actions about the health of children. The Japanese government implemented a strategy to prevent the spread of COVID-19 among children, including thorough infection prevention at schools, suspension of school, and encouraging parents to avoid their children from engaging in face-to-face organized events and travel. We hypothesized that it is a chance to examine the correlation between alterations in lifestyle and outcomes of OHCA
Previous researches have documented the effects of the COVID-19 pandemic on the prehospital treatment of OHCA [ref]. Recent systematic reviews revealed that the outcomes of OHCA had worsened in major regions with a high infection rate[ref]. This change might be attributable to fear of infection transmission because chest compressions in cardiopulmonary resuscitation (CPR) were considered aerosol-generating procedures [ref]. Furthermore, Guidelines [ref] recommend the combination of chest compressions and ventilations (conventional CPR) for pediatric OHCA, which might augment the risk of infection. However, it is unclear whether the 2020 pandemic influenced the outcomes of pediatric OHCA and altered bystander actions. 
In this study, we aimed to clarify the impact of the 2020 COVID-19 pandemic on the outcome of and bystander action for pediatric OHCA in Japan by analyzing a comprehensive database created by combining two nationwide databases of OHCA and emergency medical service (EMS) transportation.

[bookmark: _Hlk111970114]METHODS
Ethical approval
This study was approved by the Research Ethics Committee of Kanazawa Medical University (I-729) and conducted in accordance with the Declaration of Helsinki and the Ethical Guidelines for Medical and Health Research Involving Human Subjects, issued by the Japanese Ministry of Health, Labour, and Welfare. As the data analyzed were anonymized and secondary, the requirement for written informed consent was waived.

Population and setting
The population of children (≤18 years) in Japan was 9,353,000 in 2020, representing 7.5% of the total population. There are no rules for the termination of resuscitation in prehospital settings. Authorized paramedics are allowed to insert tracheal tubes and administer intravenous epinephrine when the patient is aged above 6 years. EMS managed the OHCA victims in accordance with their regional medical control council protocols based on the Japan Resuscitation Council Guidelines.

Pandemic-related subgroups
The following 2 subgroups were considered in analyses for interaction with the pandemic.
Location classification: Childcare/education facilities and other locations
[bookmark: _Hlk113001206][bookmark: _Hlk113004438]Phase classification: Temporary school closure days (Feb 27–May 25, 2020) and other days (*in Japan, most of the children were absent from school during declaring a state of emergency). [ref] 
The validity of the subgroup setting was assessed using binomial interaction tests for outcome measures. Multivariate interaction test was applied to explore other subgroups that should be considered.

Outcome measures
The primary outcome was neurologically favorable 1-month survival (cerebral performance category=1 or 2). The secondary outcomes were BCPR, dispatcher-assisted (DA)-CPR, PAD, and 1-month survival rates.

Statistical analysis
[bookmark: _Hlk111730131][bookmark: _Hlk111729273]Differences in the characteristics and outcomes between pre-pandemic 3 years (2017–2019) and the pandemic year 2020 were analyzed using the chi-squared test for categorial variables and Mann-Whitney test for continuous variables. We reported the crude odds ratios (ORs) and 95% confidence intervals (Cis) for the pre-pandemic 3 years as a reference for binominal analysis. For all pediatric OHCA cases, multiple comparisons of characteristics and outcomes among 2017, 2018, 2019 and 2020, and ORs as were calculated with 2019 as a reference. Then, simple comparison between a total of 3 pre-pandemic years and pandemic year 2020 was performed. In subgroup analyses, we reported differences in major characteristics and outcomes between pre-pandemic 3 years and the pandemic year 2020 with P-values by binominal interaction tests. The null hypothesis was evaluated for each analysis (P < 0.05). 
Multivariate logistic regression analysis with and without interaction tests, including factors that are known to be associated with outcomes, was performed to determine whether factors associated with neurologically favorable 1-month survival differed between the pre-pandemic 3 years (2017–2019) and pandemic year 2020. All statistical analyses were performed using 
JMP Pro16 (SAS institute)	Comment by Author: Please provide complete supplier information.


RESULTS
Case selection
From a nationwide database of 835,197 OHCA cases recorded during the study period, 9,213 pediatric (≤18 years) OHCA cases were extracted. Merging these data with the EMS transportation data resulted in a comprehensive database of 8,684 cases. After excluding 610 physician- and/or EMS-witnessed cases, 62 cases without any prehospital resuscitation effort, and 430 neonatal (aged <28 days) cases, 7,582 cases were analyzed. In 2017, 2018, and 2019, there were 1,990, 1,877, and 1,924 cases, respectively, before the pandemic; however, in 2020, the number of cases decreased to 1,791 (Fig. 1).

Outcomes of OHCA, bystander actions, and characteristics in the pre-pandemic and pandemic years
The pandemic year 2020 was associated with an increase in the rates of neurologically favorable 1-month survival (crude ORs with pre-pandemic 3 years as the reference; 95% CI, 1.35;1.12–1.62), BCPR (1.14;1.02–1.27), compliance with DA-CPR (1.21;1.02-1.43), and compression-only BCPR (1.38;1.17–1.64). In addition, the incidence rates of outdoor OHCA (1.31;1.14–1.51) was increased, while OHCA at home (0.83;0.73–0.94), preschool-age OHCA (0.78;0.70–0.86), and OHCA during temporary school closure (0.81;0.71–0.92) decreased in 2020. Although Mann-Whitney test disclosed a significant difference, median value of EMS response time interval did not considerably increase. Furthermore, the proportion of multiple calls for hospital selection by EMS, which might reflect an increased demand over supply in pediatric medicine, did not significantly increase. (Table 1)

Differences in impact of factors associated with neurologically favorable survival between pre-pandemic and pandemic years
Compared with pre-pandemic years, the association of age (preschool- and school- ages) with neurologically favorable 1-survival was statistically significantly weaker, whereas the associations of witness status and bystander classification (compression-only vs conventional) with the survival were significantly stronger in the pandemic year 2020. The adjusted ORs of bystander-witnessed OHCA and conventional BCPR with compression-only BCPR as reference were doubled in 2020. (Table 2)

Pandemic-related subgroup analysis for each outcome
In the subgroup analyses for location, the association of between pandemic year (vs. pre-pandemic) with witness status (witnessed vs unwitnessed) was statistically significantly stronger (P =0.01, interaction test), whereas the association with DA-CPR was weaker in care/education facilities than in other locations. Furthermore, the 2020 pandemic was associated with a large increase in the proportion of compression-only BCPR, bystander’s own activity (defined as the rate of bystander CPR in cases without DA-CPR attempts), and 1-month survival in these facilities. The rate of 1-month survival increased in 2020 only for care/education facilities, whereas the neurologically favorable 1-month survival rate increased for other locations. (Table 3)
In the subgroup analyses for the pandemic phase, the association of pandemic year with DA-CPR attempt was statistically stronger (P = 0.03, interaction test), whereas the association with PAD was weaker (P = 0.03) during the temporary school closure period than on other dates. (Table 4)

Other subgroup analyses based on multivariable interaction test
Multivariate interaction test for neurologically favorable 1-month survival disclosed that only witness status should be considered. In this subgroup analyses, the associations of pandemic year with PAD and  neurologically favorable 1-month survival in witnessed OHCA were statistically stronger than those in unwitnessed OHCA (P =<0.001 and P = 0.024, respectively, interaction test). (Supplemental Table 1).

DISCUSSION
In this study, we analyzed the impact of the 2020 COVID-19 pandemic on the outcomes of pediatric OHCA and bystander resuscitation efforts, considering interactions with phase, location, and other prehospital confounders associated with OHCA outcomes. The rates of neurologically favorable 1-month survival and BCPR considerably increased, but PAD did not in 2020 in all pediatric OHCA cases. In addition, the increased rate of BCPR was accompanied by improved compliance to DA-CPR and increased proportion of compression-only BCPR. However, these changes in outcomes and bystander action varied among subgroups. The improvement in favorable outcomes in 2020 was significant at locations other than childcare and education facilities and for witnessed OHCA and OHCA during days other than temporary school closure. 
	The augmented BCPR rate after pandemic was contradictory to our expectation because most of previous studies reported suppressed efforts [Ref]. Awareness of health crises due to the pandemic in Japanese communities might enhance BCPR performance by attenuating reluctance to perform CPR and enhancing the compliance to DA-CPR. In addition, the preparedness for health crisis at care/educational facilities might include close observation of children and training for emergencies and CPR. This assumption was supported by the markedly enhanced bystander’s own activity and increased proportion of witnessed OHCA in care/education facilities in 2020 (Table 3). 
The incidence of PAD in pediatric OHCA was not altered between the pre-pandemic and pandemic years. However, an increased PAD incidence in 2020 was observed during days other than school closure days. Nation-wide installation of AED with training of AED use at schools was almost completed before the study period in Japan [Ref]. Thus, it might be hard to access AED during school closure. However, we cannot rule out the possibility that there are few shockable rhythm cases during this period by coincidence.


It is generally believed and observed that pandemic causing health crisis induces imbalance of medical demand and supply. Contrary to previous reports on the effect of pandemic on EMS time factor [ref], this study showed that EMS response time or the proportion of multiple calls for hospital selection by EMS were not considerably affected by the pandemic. Unlike medical resource for the adult and elderly, the resource for children was likely to be preserved during the pandemic year. This might contribute to the improved outcomes of pediatric OHCA. [ref]
	The proportion of compression-only BCPR in the pandemic years increased in 2020. Remarkably increased proportions were observed during the pandemic phase and at care/education facilities, which presumably reflect the fear of infection transmission in Japanese communities. Dispatcher education was started after the 2015 Japan Resuscitation Council Guidelines recommending compression-only CPR for untrained bystanders were implemented in all fire departments in Japan. [ref] It is likely that not only untrained bystanders but trained bystanders might is frequently instructed on compression-only BCPR, even for pediatric OHCA after pandemic due to awareness of the possible transmission. This shift to compression-only BCPR might contribute to enhanced compliance to DA-CPR and increased rate of BCPR.
Children may tend to spend time at home because of the COVID-19 pandemic; however, the incidence of OHCA at home decreased during the pandemic, possibly because of early detection of abnormalities due to exogenous or exercise-induced OHCA by the parents. If their children suffered cardiac arrest, they might tend to follow with dispatcher assist. Conversely, outdoor OHCA cases may have increased during the pandemic because people avoided “non-essential and non-urgent outing,” and abnormalities in children might be difficult to notice outdoors. Especially, during declaring a state of emergency, 
Conventional CPR, i.e., a combination of chest compressions and ventilations, is recommended for pediatric OHCA, particularly OHCA of non-cardiac etiology and unwitnessed OHCA. Multivariate logistic regression analysis in this study showed that the advantages of conventional CPR over compression-only BCPR was enhanced during the pandemic. 
In care/education facilities, neurologically favorable outcomes remained unchanged, however, the 1-month survival rate was augmented. This may be attributed to the fact that, prior to the study period, the neurologically favorable 1-month survival rate in these facilities was already high. It is possible that the staff in these facilities were already well-trained in handling OHCA, and their intensified efforts led to an increase in bystander’s own activity and, subsequently, an improvement in the 1-month survival rate. 
Also, neurologically favorable outcomes did not improve in patients with unwitnessed OHCA. Patients with unwitnessed OHCA were thought to have already developed hypoxemia, and early ventilation was required. Furthermore, the shift to compression-only BCPR, which might be accelerated during the pandemic, might explain the lack of neurologically favorable outcome improvement for temporary school closure days and OHCA in childcare and education facilities, where the proportion of compression-only BCPR was markedly increased.
Our study has several strengths, particularly in its comprehensive inclusion of all OHCA cases attended by EMS, utilizing the Utstein standards for data collection. To the best of our knowledge, this is the first study to examine the neurological outcomes and bystander actions of pediatric OHCA during COVID-19 pandemic. Our study had several limitations. Because this study employed a retrospective observational design, certain confounding variables may have influenced the results. There were some outcomes other than the primary outcome that may have shown significant differences by chance. Without training in pediatric CPR and limited guidance from emergency medical dispatchers, a bystander cannot perform CPR properly. The EMS personnel interviewed bystanders for factors associated with OHCA; however, the data recorded before EMS contact with the patient may have been inaccurate. 

CONCLUSIONS
The 2020 COVID-19 pandemic has led to improvements in the outcomes of OHCA in children. However, the improvement varied depending on location, pandemic phase, and witness status. Improved preparedness for health crises in the community, particularly in care/education facilities, might have contributed to better outcomes in the pandemic year 2020 than in the pre-pandemic years. The benefits of conventional BCPR was enhanced during this pandemic.
Additional Table 1 Bystander resuscitation efforts and pediatric OHCA outcomes in witnessed and unwitnessed OHCA
	Characteristics of OHCA
	Witness status
	Interaction test 

	
	Witnessed
	
	Unwitnessed
	

	
	Pre-pandemic 3 years
(2017-2019)
N = 1657
	Pandemic year
(2020)
N=564
	Crude OR 
(95% CI)
	
	Pre-pandemic 3 years
(2017-2019)
N = 4134
	Pandemic year
(2020)
N =1227
	Crude OR
(95% CI)
	

	DA-CPR attempt
	54.1% (896)
	53.7% (303)
	0.99 (0.81-1.19)
	
	73.1% (3,022)
	74.9% (919)
	1.10 (0.95-1.27)
	0.382

	Compliance with DA-CPR a)
	86.9% (779)
	85.2% (258)
	0.86 (0.59-1.25)
	
	77.9% (2353)
	82.1% (754)
	1.30 (1.08-1.60)
	0.056

	PAD
	8.8% (146)
	10.6% (60)
	1.23 (0.90-1.69)
	
	0.7% (27)
	0.4% (5)
	0.62 (0.24-1.62)
	0.159

	BCPR
	64.8% (1074)
	68.1% (384)
	1.16 (0.94-1.42)
	
	66.3% (2742)
	69.0% (847)
	1.13 (0.99-1.30)
	0.853

	Compression-only BCPR b)
	72.0% (773)
	81.5% (313)
	1.72 (1.28-2.29)
	
	80.3% (2201)
	83.7% (709)
	1.26 (1.03-1.55)
	0.089

	Bystander’s own activity for CPR c),
	38.8% (295/761)
	48.3%
(126/261)
	1.47 (1.11-1.96)
	
	30.2%
(93/308)
	35.0%
(389/1112)
	0.80 (061-1.06)
	0.003

	1-M survival
	31.5% (522)
	37.8% (213)
	1.32 (1.08-1.61)
	
	8.8% (365)
	7.9% (97)
	0.89 (0.70-1.12)
	0.01

	Neurologically favorable 1-M survival
	19.2% (318)
	25.7% (145)
	1.46 (1.16-1.82)
	
	2.6% (107)
	2.3% (28)
	0.88 (0.58-1.34)
	0.032




Data are presented as % (n) otherwise indicated.
BCPR, bystander cardiopulmonary resuscitation; CI, confidence interval; CPR, cardiopulmonary resuscitation; DA-CPR, dispatcher-assisted cardiopulmonary resuscitation; 
OHCA, Out-of-hospital cardiac arrest; OR, odds ratio; PAD, public access defibrillation.
a) [bookmark: _Hlk112966231]The rate of BCPR in DA-CPR attempted cases.
b) The proportion of compression-only BCPR in all cases receiving BCPR.
c) The rate of BCPR in cases without DA-CPR attempt.
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Figure legends

Figure 1. Patient recruitment
EMS, emergency medical service; OHCA, out-of-hospital cardiac arrest.

