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Abstract
Background: Survival after out-of-hospital cardiac arrest (OHCA) is dependent on early recognition, early
cardiopulmonary resuscitation (CPR) and early defibrillation. The purpose of CPR is to maintain some blood flow
until the arrival of the emergency medical services (EMS). Our concern is that the COVID-19 pandemic has had a
negative effect on the number of patients who get CPR before EMS arrival. The aim of this study is to compare the
incidence of bystander CPR during the pandemic with data from before the pandemic.
Methods: The protocol is for a retrospective cohort study where data from existing registries will be used. All
participating registries will share aggregated data from 2017 to 2020, and the study team will compare the results
from 2020 to results from 2017 to 2019. Due to the General Data Protection Regulation, each participating registry
will check for completeness and plausibility, and perform all aggregation of data locally. In the following analysis
different registries will be considered as random samples and analysed by means of a generalized linear mixed
effects model with Poisson distribution for the outcome, the population covered as offsets, and different registries
as random factors.
Discussion: This study does not present the prospect of direct benefit to the patient, but does provide an
opportunity to gain a better understanding of the epidemiology of bystander CPR for OHCA patients during a
pandemic. By comparing data during the pandemic with already collected information in established registries we
believe we can gain valuable information about changes in public response to out-of-hospital cardiac arrest.
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Background
Out-of-hospital cardiac arrest (OHCA) has a high
mortality rate and is still one of the leading causes of
death in the developed world [1, 2]. Survival after
OHCA is dependent on early recognition, early cardiopulmonary resuscitation (CPR) and early defibrillation. The chain-of-survival concept highlights both
the time-sensitive nature of interventions and also
that high quality in all stages of treatment is necessary to increase survival rates [3].
The purpose of CPR is to maintain a minimum of circulation to vital organs. No CPR or CPR of poor quality
does not provide the cells in the body with adequate
oxygen and results in rapid cell death. For patients suffering OHCA that is not witnessed by Emergency Medical Services (EMS), the person who witnesses collapse
or discovers the patient i.e., bystander, needs to start
CPR. Bystander CPR has been advocated and taught
since the 1960s, but implementation has proven difficult.
In publications reporting data from registries worldwide,
bystander CPR rates ranged from 5.5 to 70.5% [2]. In a
European study bystander CPR ranged from 13 to 82%
[1] and in a study from Asia the reported rate varied
from 10.5 to 40.9% [4]. In Australia and New Zealand,
the reported bystander rate was 41% and varied between
36 and 50% [5]. In the annual report from the United
States registry of cardiac arrest (CARES registry) from
2019, bystander CPR rate was 41.2% [6]. Bystander CPR
rate is not a fixed feature of a region. It can be improved
by interventions such as public information and training,
as shown in a recent study from Asia [7].
Dispatch-assisted CPR has been implemented in many
countries the last 20 years, and has in previous studies
shown to improve the bystander CPR rates [7]. However
major events in society may impact on bystander CPR.
When the COVID-19 pandemic hit, the American Heart
Association and the European Resuscitation Council
both published guidelines for resuscitation of known/
suspected positive cases [8, 9]. The recommendations in
these guidelines were influenced by the potential for
aerosol generation as a result of performing chest compressions and airway management. The recommendations were as follows:
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protective equipment in situations where the
provider assesses the benefits may exceed the
risks.
 When assessing breathing in situations with
suspected or confirmed COVID-19, look for normal
breathing. In order to minimise the risk of infection,
do not open the airway and do not place your face
next to the victims’ mouth / nose.
 Lay rescuers should consider placing a cloth/towel
over the person’s mouth and nose before performing
chest compressions and public-access defibrillation
in situations with suspected or confirmed COVID19. This may reduce the risk of airborne spread of
the virus during chest compressions.
 For children in cardiac arrest rescuers who are
willing and able should also open the airway and
provide rescue breaths, as per 2015 guidelines,
knowing that this is likely to increase the risk of
infection.
Dispatch centres were also recommended to screen all
calls for COVID-19 symptoms in the patient and among
household members in order to assess the risk of
infection for first responders and EMS personnel. This
information could be used to alert the responding
personnel to take precautions such as donning airborneprecaution personal protective equipment (PPE). These
new guidelines were often adopted for all emergency
calls as knowledge of the transmission risk from presymptomatic and asymptomatic patients became more
widespread and the need to avoid inadvertent transmission to health care providers became more pronounced.
The new guidelines were not uniformly adopted between
and within countries, and has been a point of controversy in some systems.

Methods/design
Aim

The objective of this study is to investigate the impact of
the COVID-19 pandemic on the rate of bystander CPR,
taking into consideration implementation of new guidelines for bystander CPR and changed dispatch protocol.
Primary Objective

 Compression-only resuscitation and public-access

defibrillation.
 Lay rescuers who are willing, trained and able to do

so, may wish to deliver rescue breaths to children in
addition to chest compressions.
 Healthcare professionals should use personal
protective equipment for aerosol-generating procedures during resuscitation.
 Healthcare providers should consider defibrillation
before donning aerosol generating personal

1. What is the bystander CPR incidence per 100,000
inhabitants during the COVID-19 pandemic compared with the previous 3 years?
Secondary Objectives
2. What is the reported incidence of cardiac arrest
during the COVID-19 pandemic compared with the
previous 3 years?
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Design

Study sites

This study is a retrospective cohort study, using data
from existing out-of-hospital cardiac arrest registries.
During the COVID-19 pandemic different parts of the
world were affected at different times and implementation of restrictions, precaution measures and changes to
resuscitation guidelines occurred during different time
intervals. Several studies have reported that the
pandemic has had an effect on the incidence of cardiac
arrest, the rate of bystander CPR and OHCA survival
[10–12]. Variability is however to be expected due to the
stochastic nature of rare events, and to different baselines in different registries. In order to see if the
COVID-19 pandemic had had any real impact on the
rate of bystander CPR, the results need to be compared
with previous recordings.
In this study we will consider different registries (corresponding to different populations) as random samples
from the world’s target population. We will then compare the incidence during the COVID-19 time period to
the 3 preceding years (2017–19) by means of a generalized linear mixed effects model.

All registries capable of delivering data as described are
invited to participate.
Statistical analysis

In this study we will consider different registries (corresponding to different populations) as random samples
from the world’s target population. We will then compare the incidence during the COVID-19 time period to
the 3 preceding years (2017–19), by means of a generalized linear mixed effects model with Poisson distribution
for the outcome, the population covered as offsets, and
different registries as random factors.

Discussion
This study does not present the prospect of direct benefit to the patient, but does provide an opportunity to
gain a better understanding of the epidemiology of bystander CPR rates for cardiac arrest patients during a
pandemic. It also gives us the opportunity to study
population response to a pandemic.
Data management

Setting
Inclusion criteria and exclusion criteria

All patients suffering OHCA from 1st of January 2017 to
31st of December 2020 will be included. Data will be extracted from existing registries. Patients will be included
irrespective of their age, gender or personal factors. The
start of the COVID-19 time period will be defined as the
day that a state of emergency was declared for the region/country.
New-borns in need of resuscitation at birth will not be
included. In-hospital cardiac arrest patients will also not
be included in this study.

Due to the General Data Protection Regulation, each
participating registry will check for completeness and
plausibility, and perform all calculations locally. A statistical analysis plan will be provided by the study management team to each participating registry (Supplementary
document 2). In case of inconsistencies or relevant missing data, the problem will be solved locally or in cooperation with the study management team. Inclusion and
exclusion for each analysis will be defined by the study
management team, including how to perform the calculations. The calculated results will then be submitted to
the study management team, who will compare results
from the different regions.
Project management

Participating registries

All established registries that are able to process core
data as described in the Utstein template of 2014 [13]
are invited to participate in this study. Requirements are
a written letter of intent from the registry leader/board
to participate in this study, a written consent to follow
this study protocol and a valid ethical approval if needed
(Supplementary document 1). The participants also need
to be able to do the statistical calculations according to
the specified analysis plan.
Within each registry the inclusion might be the entire registry or regions only, depending on data completeness. It might also be useful to divide into
smaller regions within a registry during the analysis,
as the impact of COVID-19 might be very different
between areas.

Stage 1: Establishing representatives in the study
management team and the scientific committee.
January 2021.
Stage 2: Establishing contact with registries that collect
core Utstein variables, March 2021.
Stage 3: Data collection and local quality control of
data, December 2021.
Stage 4: Quality control of preliminary results, April to
July 2022.
Stage 5: Presentation of results and comparison with
published results, August to October 2022.
Stage 6: Article writing and publication, August 2022 to
January 2023.
Steering Committee (SC):
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Brian McNally
Marcus Ong
Karen Smith.
Jo Kramer-Johansen
Eirik Skogvoll
Rolf Lefering
Jan Thorsten Gräsner
Study Management Team (SMT):
Ingvild B. M. Tjelmeland
Jan Wnent
Siobhan Masterson
Jo Kramer-Johansen
Rolf Lefering
Jan Thorsten Gräsner
Publication and Presentation Plans
Authors as listed in the introduction.
Acknowledgement; all participants involved in data
collection.
The results will be published in a peer reviewed
journal.
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