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Abstract

Introduction: In addition to the directly attributed mortality, COVID-19 is also likely to increase mortality indirectly. In this systematic review, we

investigate the direct and indirect effects of COVID-19 on out-of-hospital cardiac arrests.

Methods: We searched PubMed, BioMedCentral, Embase and the Cochrane Central Register of Controlled Trials for studies comparing out-of-hospital

cardiac arrests occurring during the pandemic and a non-pandemic period. Risk of bias was assessed with the ROBINS-I tool. The primary endpoint was

return of spontaneous circulation. Secondary endpoints were bystander-initiated cardiopulmonary resuscitation, survival to hospital discharge, and

survival with favourable neurological outcome.

Results: We identified six studies. In two studies, rates of return of spontaneous circulation and survival to hospital discharge decreased significantly

during the pandemic. Especially in Europe, bystander-witnessed cases, bystander-initiated cardiopulmonary resuscitation and resuscitation attempted

by emergency medical services were reduced during the pandemic. Also, ambulance response times were significantly delayed across all studies and

patients presenting with non-shockable rhythms increased in two studies. In 2020, 3.9�5.9% of tested patients were SARS-CoV-2 positive and 4.8

�26% had suggestive symptoms (fever and cough or dyspnoea).

Conclusions: Out-of-hospital cardiac arrests had worse short-term outcomes during the pandemic than a non-pandemic period suggesting direct

effects of COVID-19 infection and indirect effects from lockdown and disruption of healthcare systems. Patients at high risk of deterioration should be

identified outside the hospital to promptly initiate treatment and reduce fatalities.

Study registration PROSPERO CRD42020195794.
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Introduction

Since December 2019, several cases of atypical pneumonia caused
by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) were reported in Wuhan, China.1 This novel coronavirus is currently

responsible for the coronavirus disease 2019 (COVID-19) pandemic
that rapidly spread in Europe and worldwide. As of November 4, 2020,
SARS-CoV-2 infected more than 47 million individuals globally,
causing more than 1 million deaths.2 The COVID-19 pandemic may
also be responsible for excess deaths in individuals not directly
affected by SARS-CoV-2 infection. An increase in indirect mortality
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may arise from altered access to healthcare services secondary to the
profound reorganization of hospitals3 and the effects of lockdown on
physical, psychological, and social wellbeing. Moreover, lockdown
and the fear of contracting the infection in hospitals could have
prevented patients from calling emergency medical services (EMS) or
presenting to emergency departments.4

In Lombardy, Northern Italy,5,6 Paris, France,7 and New York City,
USA,8 the incidence of out-of-hospital cardiac arrest (OHCA) during
the COVID-19 pandemic markedly increased compared with previous
years and was associated with high mortality. In contrast, other areas
of Northern Italy9 and the USA10 did not experience the same
variations. Although causes are still unclear, these findings suggest
that incidence and outcomes of OHCA might be directly or indirectly
affected by the COVID-19 pandemic. While COVID-19 is often a self-
limited lower respiratory tract illness, patients may suffer from a rapidly
worsening hypoxic respiratory failure, eventually leading to cardiac
arrest if not promptly treated. COVID-19 might also cause cardiac
arrest due to SARS-CoV2 infection causing vascular inflammation,
myocardial injury,11 arrhythmias, and thromboembolism12 leading to
myocardial infarction or pulmonary embolism. Delays in treating time-
dependent conditions, such as acute coronary syndromes,13 may

lead to cardiac arrests as most OHCA are related to myocardial
ischemia.14 Moreover, overall survival after OHCA might be affected
by fear of infection, reducing rates of bystander-initiated cardiopul-
monary resuscitation (CPR),15 and overload of emergency medical
services (EMS)16 causing delays in ambulance arrival.

We conducted a systematic review to ascertain the direct and
indirect effects of the COVID-19 pandemic on the incidence,
treatment, and outcomes of OHCA.

Methods

This systematic review was performed following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guide-
lines,17,18 and the protocol was registered in PROSPERO
(CRD42020195794).19 We used the PICO (Population, Intervention
or exposure, Comparison, Outcome) framework to frame the review
question: Among adults with OHCA (P), does the COVID-19
pandemic, compared with a non-pandemic period (C), affect ROSC,
bystander-CPR, survival to hospital discharge or 30 days, and survival
with favourable neurological outcome (O)?

Fig. 1 – Selection of included studies.
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Search strategy and study selection

We systematically searched PubMed, BioMedCentral, EMBASE and
the Cochrane Central Register of Controlled Trials (CENTRAL) for
pertinent studies from the earliest publication date available through
September 6th, 2020 (Supplemental Table 3). We also reviewed the
references of articles identified by this search strategy and selected
those we considered relevant. We considered eligible randomized
controlled trials, prospective and retrospective observational studies,
and case series published in peer-reviewed journals comparing
OHCAs occurring during the COVID-19 pandemic and a non-
pandemic period as defined by study authors. We excluded
systematic reviews, editorials, and literature reviews. After the
removal of duplicates, eligibility assessment at the title/abstract level
was performed by two investigators. The final selection of included
articles was based on complete manuscripts with disagreements
resolved by agreement under the supervision of one investigator (GL).

Data collection and presentation

Data were independently extracted by two authors using a standard-
ized form with disagreements resolved by discussion and involving a
third reviewer. Extracted data included first author, publication year,
country, study period, number of OHCAs and COVID-19 cases, rates
of bystander-CPR, return of spontaneous circulation (ROSC), and
survival, characteristics of patients, pre-hospital interventions, arrival
time of EMS, and risk of bias using the tool Risk Of Bias In
Nonrandomized Studies�of Interventions (ROBINS-I).20 Study
authors were contacted to obtain missing data. The pre-specified
primary endpoint was ROSC. Secondary pre-specified endpoints
were bystander-CPR, survival to hospital discharge or 30 days, and
survival with favourable neurological outcome. Also, patients
characteristics (age and sex), presenting rhythm, location, bystander

witnessed, bystander-CPR, COVID-19 status (positive or suspected),
EMS response time, resuscitation attempted by EMS, and orotracheal
intubation were post-hoc analysed.

When only a median and interquartile range (IQR) were available,
we estimated mean and standard deviation (SD) according to the
method by Wan et al.21 Pre-specified subgroup analysis was
performed for geographical location. Due to an important clinical
heterogeneity secondary to differences between systems and the
impact of COVID-19 itself on these systems, we did not report a pooled
estimate and we used forest plots with RevMan Version 5.3 to display
results of individual studies.

Results

Study characteristics

Our search strategy yielded a total of 898 articles. After removing
duplicates and non-pertinent articles examined at the title and abstract
level, we retrieved 17 studies as full text for detailed assessment and
six studies were finally included (Fig. 1). Details of excluded studies
are available in Supplemental Table 1. Three studies were conducted
in Europe,6,7,9 two in the USA,8,10 and one in Asia.23 Main
characteristics of included studies are described in Table 1.

Risk of bias

All included studies were assessed as being at an overall serious risk
of bias. The most common sources of bias were reporting results not
adjusted for confounding factors, participant selection, missing data,
and outcome measurement. There was low to moderate risk of bias
from reporting of result and intervention classification or deviation
(Supplemental Table 2).

Table 1 – Characteristics of studies included ordered by first author.

Study Geographical area of study OHCA patients
included

COVID-19 pandemic (1) and
non-pandemic (2) period

COVID-
19 casesb

COVID-19
prevalence among

OHCAs

Baldi et al.,
20206

Lombardy (provinces of Lodi, Cre-
mona, Pavia, and Mantua), Italy

All cases (1) Feb. 21 � April 20, 2020
(2) Feb. 21 � April 21, 2019

14,785 26% with symptomsa

3.9% with confirmed
diagnosis

Cho et al.,
202021

Daegu, South Korea EMS-treated adults of pre-
sumed medical aetiology

(1) Feb. 17 � March 31, 2020
(2) Feb. 17 � March 31, 2018

6719 17.5% with symptomsa

5.9% with confirmed
diagnosis

Lai et al., 20208 New York City, USA EMS-treated, adults
(�18 years) cases

(1) March 1 � April 25, 2020
(2) March 1 � April 25, 2019

159,851 n/a

Marijon et al.,
20207

Paris and its suburbs, France Non-traumatic, adults
(�18 years) cases

(1) March 16 � April 26, 2020
(2) Weeks 12-17, 2012-19

7587 8.1% with symptomsa

4.8% with confirmed
diagnosis

Paoli et al.,
20209

Province of Padua, Italy All cases (1) March 1 � April 30, 2020
(2) March 1 � April 30, 2019

3851 n/a

Sayre et al.,
202010

Seattle and King County, USA All cases (1) Feb. 26 � April 15, 2020
(2) Jan. 1 � Feb. 25, 2020

4873 4.8% with symptomsa

4.3% with confirmed
diagnosis

Abbreviations: OHCA = out-of-hospital cardiac arrest, EMS = emergency medical services.
a Fever associated with cough or dyspnoea.
b During the study period.
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Return of spontaneous circulation and survival at hospital

discharge

We identified four studies reporting ROSC.6,8,9,23 Two studies, one
conducted in Italy and one in the USA, observed significantly lower
rates of ROSC in victims of OHCA during the COVID-19 pandemic
when compared with victims of the non-pandemic period.6,8 In
Northern Italy, ROSC rates declined from 20% to 8.6% (P < 0.001)
during the pandemic6 and from 35% to 18% in New York City.8 A
multivariate analysis confirmed that patients with OHCA during the
COVID-19 pandemic were 41% less likely to achieve ROSC (OR,
0.59; 95% CI, 0.50�0.70; P < 0.001) in New York City.8 The other two
studies reported a non-statistically significant reduction in ROSC rates
during the pandemic9,23 (Fig. 2A).

Survival at hospital discharge was reported in three studies6,7,23

and survival with good neurologic outcome only in one.23 In France,
patients suffering an OHCA during the COVID-19 pandemic were less
likely to survive: rates of survival at hospital discharge declined from
5.4% to 3.1% (P < 0.001).7 A non-statistically significant reduction in
survival rate was observed in Italy6 and South Korea23 (Fig. 2B).
Patients treated during the COVID-19 pandemic who survived to
hospital discharge with a good neurological outcome were 2.9% vs.
5.7% during the non-pandemic period in South Korea (P = 0.09).23

Characteristics of patients

Baseline characteristics of patients with OHCA during the COVID-19
pandemic were similar to those of non-pandemic periods except for New
York City where patients with OHCA were older, less likely to be white,
and more likely to have comorbidities (hypertension, diabetes, and
physical limitations)8 (Supplemental Figs. 1 and 2). OHCAs during the
COVID-19 pandemic were more likely to occur at home in Italy (90%
during the pandemic vs. 83% in the non-pandemic period; P = 0.005)6

and France (90% vs. 77%; P < 0.001)7 while in the other studies were
similar9,10,23 (Supplemental Fig. 3). The proportion of patients presenting
with non-shockable rhythms (pulseless electrical activity or asystole)
during the pandemic increased by 10% in New York City8 and Paris.7 A
similar increase was also seen in Italy6 and South Korea,23 even if this
difference was not statistically significant (Supplemental Fig. 4).

During the pandemic, OHCAs were less likely to be witnessed in
Italy,5 France,7 and the USA8 (Fig. 3A). Similarly, important
reductions in bystander-CPR during the pandemic were observed
in Italy (35% vs. 45%, P = 0.02)6 and France (48% vs. 64%, P < 0.001)
7 while in studies conducted in the USA8,10 and South Korea23

remained similar (Fig. 3B). Patients with COVID-19 symptoms were
less likely to receive bystander-CPR (-19%) when compared with
patients not diagnosed or suspected in Italy.6

Fig. 2 – Forest plot for return of spontaneous circulation (A) and survival to hospital discharge (B). M�H = Mantel
�Haenszel, CI = confidence interval.

Fig. 3 – Forest plot for rates of bystander-witnessed out-of-hospital cardiac arrests (A) and bystander-initiated
cardiopulmonary resuscitation (B) with subgroup analysis by continent. M�H = Mantel�Haenszel, CI = confidence
interval.
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SARS-CoV-2 positive patients among OHCAs were 3.9%, 4.3%,
4.8%, and 5.9% in Italy, South Korea, France, and USA, respective-
ly.6,7,10,23 COVID-like symptoms such as fever associated with cough
or dyspnoea were documented in 26%, 18%, 8.1%, and 4.8% of
patients with OHCA during the pandemic, respectively.6,7,10,23

Emergency medical services

Compared to a non-pandemic period, EMS response times to OHCAs
were significantly delayed during the COVID-19 pandemic across all
studies,6�9,23 in particular important delays were observed in Italy (+1
and 3 min.)6,9 and South Korea (+1 min.)23 (Fig. 4A). Proportion of
cases where pre-hospital resuscitation manoeuvres were initiated by
EMS providers was significantly reduced during the pandemic in one
study conducted in Italy (39% vs. 53%; P = 0.048) and in France (53%
vs. 66%, P < 0.001) while two further studies reported a non-
statistically significant reduction in EMS-initiated resuscitations6,10

(Fig. 4B).
One study in New York City reported that orotracheal intubation

(�28%) and ventilation through bag valve mask (�7,4%) were
performed less frequently by EMS during the COVID-19 pandemic.
This observation was coupled with an increase (+20%) in the use of
supraglottic airway devices.8

Discussion

This is the first systematic review examining the impact of COVID-19
pandemic on incidence, treatment and outcomes of OHCAs
compared to a non-pandemic period. The general direction of effect
indicates that OHCAs occurring during the COVID-19 pandemic had
delayed EMS arrival times, were less likely to present in a shockable
rhythm and had lower rates of ROSC and survival to hospital
discharge. Identified studies suggest that COVID-19 may have the
potential to reduce bystander-witnessed OHCAs and the proportion of
cases where bystander-CPR is started, especially in Europe. Also,
OHCAs occurred more frequently at home and EMS attempted less
frequently resuscitation manoeuvres.

In the early phase of the pandemic, the incidence of OHCA
increased by 58% in Lombardy, Italy.5 Such a markedly increase was

significantly correlated to the incidence of COVID-19 cases in the first
60 days after the outbreak.6 Similar patterns were reported in New
York City8 and in Paris7 where OHCAs doubled and decreased
towards non-pandemic levels in parallel with COVID-19 hospital
admissions. On the contrary, other studies in Northern Italy9 and in
Seattle, USA,10 did not observe an increased incidence and this might
be related to the prevalence of COVID-19 in the communities.

Two studies reported that patients presenting with non-shockable
rhythms significantly increased during the pandemic.7,8 Hypoxia is
one of the common causes of non-shockable rhythms and it is also
characterized by worse outcomes. Therefore, acute hypoxemic
respiratory failure in non-hospitalized COVID-19 patients likely
occurred, eventually evolving to cardiac arrest and contributing to
increase OHCA incidence with worse short-term outcomes. Also,
myopericarditis, arrhythmias, and thromboembolism11,12 are all
possible direct complications of COVID-19, leading to cardiac arrest,
especially if not timely treated. The proportion of excess OHCAs
directly attributable to COVID-19 was 74% in Lombardy, Italy,6 and
33% in Paris, France.7 Indirect effects might be responsible for the
remaining cases. Patients with acute coronary syndromes were not
timely seeking medical attention,13,24 mainly due to fear and anxiety
caused by the pandemic. Considering that most OHCAs are
secondary to myocardial ischemia,14 the decreased hospital admis-
sions for acute coronary syndromes may account for part of excess
OHCAs. Lockdown, social distancing, and altered access to health-
care services (hospital overload and suspension of elective activity
and inpatient visits) probably contributed.

Delays in EMS response occurred during the pandemic and may
be another reason for the increased non-shockable rhythms25 and
decreased ROSC and survival.26 Overload of emergency systems
and changes in protocols and practices is the most likely cause. In
Northern Italy, the culprit intervals were the time needed for call taking,
dispatching, and departure.9 These delays can be explained
respectively by the need to ask questions about COVID-19 status
(tested positive or COVID-like symptoms), the increased dispatchers’
workload due to increased volume of calls received,4,16 and wearing
personal protective equipment (PPE). Interestingly, the time between
departure and arrival was significantly lower,9 likely due to road traffic
reduction during the lockdown. Another report from Northern Italy
found that arrival time was longer only for OHCAs involving patients

Fig. 4 – Forest plot of the response times of emergency medical services (A) and proportion of patients with out-of-
hospital cardiac arrest where resuscitation was attempted by emergency medical services (B). SD = standard
deviation, IV = inverse variance, M�H = Mantel�Haenszel, CI = confidence interval.
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suspected or diagnosed with COVID-19,6 supporting that wearing
PPE may prolong response times.

The community response in OHCA is pivotal for survival and, with
the current pandemic, its fragility emerged. Concerns of contracting an
infection is often cited as a barrier preventing bystanders from starting
CPR. During the early phases of the pandemic, a dangerous effect on
bystander-CPR rates was hypothesized.15 In Europe, we observed a
decline in bystander-CPR6,7 that may have affected short-term
outcomes. In Italy, a decline in bystander-CPR was observed only
among patients diagnosed or suspected of COVID-19.6 It is unclear
why the effect was more evident in Europe. One possible explanation
is that the pandemic reached European countries first after China and
were subjected to an unprecedented situation characterized by fear
and uncertain (e.g., Italy experienced a 19% reduction in bystander-
CPR6). Also, the increase in non-witnessed OHCAs occurring at home
due to lockdown and smart work policies and variations in training and
motivation in performing CPR among citizens of different countries
might account for these differences. Although the situation might
improve with the gradual improvement of the pandemic,27 our findings
are alarming as there is risk that all the progresses made in optimising
the chain of survival chain are lost.

The risk of contracting the disease during resuscitation manoeu-
vres depends on the COVID-19 prevalence in OHCAs and the
probability of transmission to rescuers. We found a non-negligible
prevalence of COVID-19 among OHCAs: 3.9�5.9% of tested patients
were SARS-CoV-2 positive and 4.8�26% had suggestive symptoms
(fever and cough or dyspnoea).6,7,10,23 As highlighted by the
International Liaison Committee on Resuscitation, bystanders are
likely to already be exposed to COVID-19 when a cardiac arrest occurs
at home if the victim was infected.28 Public campaigns promoting the
safety of chest-compression only CPR compared to certain death if
resuscitation is not performed might reduce some reluctance among
laypeople. Furthermore, smartphone applications to alerts citizens
first responders29 were suspended in Paris, France and Switzerland
due to the absence of PPE.30,31

For EMS personnel, the correct use of PPE is of paramount
importance to safely perform resuscitation manoeuvres. Despite the
use ofPPE, fearof contracting the infectionmay persist. It is important to
balance the potential risks of infection and the harm of delaying or
withholding a resuscitation. During the pandemic, two studies
conducted in Europe reported that EMS providers were less likely to
start resuscitation manoeuvres.7,9 In New York City, there was a
marked reduction in endotracheal intubations, coupled with increased
use of supraglottic airway devices.8 Such geographically limited results
may find an explanation by considering the EMS system of the affected
countries, for example in France and Italy, OHCAs are attended by an
EMS physician. Another possible explanation is a less optimistic
approach limiting resuscitation efforts to OHCAs with higher odds of
positive outcomes such as bystander-witnessed, bystander-CPR, and
shockable rhythms. All factors that, according to our findings, were
reduced during the pandemic. Also, the perceptions that hospital and
intensive care units were overwhelmed may have played a role.

Limitations

Our conclusions and overall description of effects are based only on
published data in this short period of time. Thus, countries reached
later by the pandemic or hit in a different extent were not included due
to the absence of data, leading to the underrepresentation of other
regions of the world. Moreover, included studies carried a high risk of

bias, mainly due to inadequate adjustment for known confounders,
and we performed post-hoc analysis for some outcomes (e.g.,
characteristic of patients and OHCA event). Also, differences between
countries in healthcare services, EMS system, education in CPR, and
clinical practice should be considered. Aspects with limited data such
as long-term effects, definitive cause of OHCA, and characteristics
and outcomes in other regions should be addressed in future studies
to understand more clearly the relative impact of direct or indirect
effects. Also, a more in-depth investigation of the prevalence of
COVID-19 among OHCAs could be useful to guide resuscitation
guidelines.

Conclusions

The COVID-19 pandemic is responsible not only for deaths among
infected individuals, but also for the excess number of OHCAs coupled
with lower rates of ROSC and survival to hospital discharge. Although
part of this finding may be direct consequences of COVID-19,
lockdown, social distancing and reorganization of healthcare systems
may had contributed by increasing time of EMS arrival, unwitnessed
OHCAs occurring at home, and reducing bystander-CPR. Our
findings highlight the need for systems to monitor their performance
in order to detect critical variations and take adequate counter-
measures. Monitoring through remote and telemedicine systems32

may allow early identification of patients at higher risk of out-of-
hospital death and reduce excess mortality during a pandemic.
Further research on the topic should focus on long-term effects of
COVID-19 pandemic on OHCA and in developing effective public
health interventions to prevent such effects in case of recurring
pandemics.
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