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Abstract
Introduction and Objective. The COVID-19 pandemic caused by the SARS-CoV-2 virus has recently presented the world 
with an unprecedented challenge. The purpose of this systematic review and meta-analysis is to investigate the relationship 
between SARS-CoV-2 infection and out-of-hospital cardiac arrest (OHCA) by comparing data from infected and non-infected 
individuals. The study adds to our understanding of the broader effects of the pandemic on public health and emergency 
care by examining the influence of COVID-19 on OHCA.   
Materials and method. A comprehensive systematic literature search was performed using PubMed, EMBASE, Scopus, 
Web of Science, the Cochrane Library and Google Scholar from 1 January 2020 – 24 May 2023. Incidence rates and odds 
ratios (ORs) or mean differences (MDs) with 95% confidence intervals (CIs) for risk factors were recorded from individual 
studies, and random-effects inverse variance modelling used to generate pooled estimates.   
Results. Six studies, involving 5,523 patients, met the criteria for inclusion in the meta-analysis. Survival to hospital admission, 
defined as admission to the emergency department with sustained return of spontaneous circulation (ROSC), among patients 
with and without on-going infection was 12.2% and 20.1%, respectively (p=0.09). Survival to hospital discharge/30-day 
survival rate was 0.8% vs. 6.2% (p<0.001). Two studies reported survival to hospital discharge in good neurological condition; 
however, the difference was not statistically significant (2.1% vs. 1.8%; p=0.37).
Conclusions. Compared to the non-infected patients, the ongoing SARS-CoV-2 infection was associated with worse OHCA 
outcomes.
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INTRODUCTION

In recent years, the world has faced the unprecedented 
challenge of the coronavirus disease 2019 (COVID-19) 

pandemic caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) [1, 2]. COVID-19 has emerged 
as a significant contributor to morbidity and death rates 
worldwide [3, 4]. At first, it was thought that COVID-19 
was an acute respiratory distress syndrome (ARDS) [5]. 
However, it has now become apparent that COVID-19 is, in 
fact, a disease that affects a variety of organs. The illness is 
characterized by a cytokine storm which leads to endothelial 
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inflammation and dysfunction [6–11]. It also leads to 
microvascular and macrovascular thrombosis, both of which 
have the potential to cause damage to organs other than the 
lung [12–15]. Even after making a full recovery from the acute 
illness, patients who had been exposed to COVID-19 had a 
greater chance of experiencing unfavourable cardiovascular 
outcomes, according to a number of studies [16–18]. The 
high COVID-19 exposure rate among the general population 
suggests that these studies may portend an important and 
urgent public health crisis.

One area of concern is the impact of the SARS-CoV-2 
infection on its potential influence on out-of-hospital cardiac 
arrest (OHCA) outcomes [19]. OHCA refers to a sudden 
loss of circulation outside a medical facility and represents 
a significant cause of mortality, with an average incidence 
of 55  per 100,000 person-years among adults worldwide 
[20]. According to an analysis by the International Liaison 
Committee on Resuscitation, the number of OHCAs that were 
treated by emergency medical services (EMS) and bystander 
cardiopulmonary resuscitation (CPR) progressively increased 
[21, 22]. Prompt intervention in the form of and defibrillation 
is crucial for successful resuscitation. Rapid response times 
by emergency medical service personnel, coupled with the 
delivery of high-quality CPR, have been shown to enhance 
survival rates. Moreover, the presence of bystander CPR can 
effectively double the chances of survival from OHCA [23].

The COVID-19 pandemic has had a significant influence on 
the outcomes of OHCA [24–28]. The pandemic may indirectly 
impact OHCA by affecting the community’s and EMS 
agencies’ capacity to respond effectively to such emergencies 
[29]. Evidence suggests that individuals may be avoiding 
calling emergency services or seeking medical attention for 
symptoms such as chest discomfort or shortness of breath 
during this period [30, 31]. Fear of contagion and concerns 
about transmission may discourage bystander involvement 
in community responses to OHCA [32, 33]. Previous studies 
demonstrate lower rates of bystander cardiopulmonary 
resuscitation and public AED usage, which corresponds to 
lower rates of sustained return of spontaneous circulation 
(ROSC), lower survival to hospital discharge, and in general, 
a higher incidence of OHCA during the COVID-19 pandemic 
compared to prior years [32, 34]. Furthermore, EMS agencies 
have implemented rigorous screening protocols for potential 
COVID-19 symptoms or known infections in all EMS calls, 
and new processes have been introduced to ensure that first 
responders have access to appropriate personal protective 
equipment (PPE), thereby maximizing their safety during 
interventions [35, 36].

The purpose of this systematic review and meta-analysis was 
to investigate the correlation between SARS-CoV-2 infection 
and OHCA by comparing the OHCA data of patients who 
were infected with SARS-CoV-2 and non-infected patients.

MATERIALS AND METHOD

Study design and registration. The meta-analysis was 
performed in agreement with the preferred reporting 
items for systematic reviews and meta-analysis (PRISMA) 
statement, and is registered in the International Prospective 
Register of Systematic Reviews database (PROSPERO) 
(CRD42023428473). There were no amendments or protocol 
deviations.

Eligibility criteria. Studies reporting comparative OHCA 
data among SARS-CoV-2 infected and non-infected patients 
within the same location were included. Exclusions included 
(a) articles other than original research articles (i.e., review 
articles, letters, editorials, conference papers), (b) case reports, 
(c) non-English, non-Polish, or non-Spanish language 
articles, and (d) articles relating to paediatric populations 
(age of 17 years of age or younger).

Data sources and search strategy. Two authors (AK and 
MP) independently searched PubMed, EMBASE, Scopus, 
Web of Science, and the Cochrane Library of Systematic 
Reviews databases from 1 January 2020 – 24 May 2022. 
For this purpose, combinations were used of the key words: 
‘out-of-hospital cardiac arrest’, ‘OHCA’, ‘cardiac arrest’, ‘out 
of hospital cardiac arrest’, ‘heart arrest’, ‘cardiopulmonary 
arrest’, ‘sudden cardiac death’ ‘severe acute respiratory 
syndrome coronavirus 2’, ‘SARS-CoV-‘, ‘COVID-19’, ‘nCOV’, 
and ‘novel coronavirus’. Further surveillance searches were 
conducted using the related articles feature, and an extensive 
search undertaken of the unpublished literature, including the 
reference lists of all included studies and existing traditional 
systematic reviews, as well as grey literature (Google Scholar) 
on the impact of SARS-CoV-2 infection on OHCA outcomes. 
Duplicate results were removed. The remaining articles were 
independently screened by two authors (AK and MP) for the 
relevance of their abstracts. The full text of the remaining 
articles was assessed by applying the inclusion and exclusion 
criteria.

Data extraction. Two of the authors (AK and MP) 
independently extracted data. Disagreements were resolved 
consensus achieved through discussion with all authors. 
Standardized extraction forms were used that included: 
study parameters (i.e., author, country of origin, year, 
study design, age, gender); resuscitation parameters (i.e., 
witnessed cardiac arrest, bystander witnessed, bystander 
cardiopulmonary resuscitation (CPR), emergency medical 
service (EMS) arrival time, bystander defibrillation, advanced 
cardiovascular life support (ACLS) initiation, adrenaline 
and amiodarone administration); outcomes (return of 
spontaneous circulation, survival to hospital admission, 
survival to hospital discharge (SHD), SHD with favourable 
neurological outcome, overall mortality). Where the data 
were incomplete, corresponding authors were contacted for 
additional information.

The primary endpoint of the study was survival to hospital 
discharge, or the 30-day survival rate. Secondary outcomes 
were: survival to hospital admission, defined as admission 
to the emergency department with sustained ROSC; and 
survival to hospital discharge with a good neurological 
outcome assessed as Cerebral Performance Categories (CPC) 
score 1 or 2.

Risk-of-bias assessment. The quality and risk of bias 
assessments of the included studies were performed using 
the Newcastle-Ottawa Scale (NOS). This scale is based on an 
eight-item score divided into three domains. These domains 
assess selection, comparability, and ascertainment of the 
outcome of interest. The quality assessment of articles ranges 
from low scores (0–4) to moderate scores (5–6) to high scores 
(7–9), representing three different levels of study quality. NOS 
was used by two authors (AK and NLB) to independently 
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evaluate the quality of the included studies and assess the 
risk of bias. The same set of decision rules was used by each 
reviewer to score the studies. Any discrepancies from the 
NOS were reviewed and resolved by discussion between all 
authors.

Statistical analysis and data synthesis. Statistical analyses 
were performed using Review Manager 5.4 (Nordic Cochrane 
Centre, Cochrane Collaboration) and STATA 16.0 (StataCorp 
LLC, Texas, USA). The incidence of dichotomous data was 
calculated using the odds ratio (OR) with a 95% CI and 
analyzed using the Mantel-Haenszel technique. The mean 
difference (MD) with a 95% confidence interval (CI) was used 
to represent continuous outcomes. To enable an analysis of 
results between studies, median values were converted to 
means, derived using a Hozo formula. The heterogeneity in 
the included studies was assessed using Cochran’s Q chi-
square and I2 statistical analyses. The Higgin’s I2-indices of 
0–25, 26–75%, and 75–100% indicate low, moderate, and 
high heterogeneity levels between studies, respectively [37]. 
Random effect models were used regardless of heterogeneity. 
The p-values were two-tailed, and statistical significance was 
set at 0.05. To assess the small-study effect, a regression-
based Egger’s test was performed. Due to the small number 
of investigations (n = 10), a funnel plot was not performed. 
A sensitivity analysis using leave-one-out was performed to 
test the robustness of the findings.

RESULTS

Study selection. A total of 639 studies were identified from 
the database search. Of these, 358 duplicate studies were 
removed; 235 studies were excluded after title and abstract 
screening, and 40 were excluded following full text screening 
based on the set inclusion criteria. Finally, six studies [38–43], 
involving 5,523 patients, met the criteria for inclusion in the 
meta-analysis. Figure 1 illustrates the study flow diagram. 
The studies were performed in France, Italy, Spain, Sweden, 
the United Kingdom, and the Republic of Korea, from 2020 
– 2021. Their overall quality was excellent, with two studies 
scoring 9/9 on the NOS and the remaining four studies 
scoring 8/9 (Tab. 1).

Study characteristics. A total of 5,523 OHCA patients 
with comparative data segregating SARS-CoV-2 positive 
versus SARS-CoV-2 negative status were assessed in the six 
observational studies included in the meta-analysis (Tab. 1). 

Of those patients, 23.0% (1,273/5,523) occurred during the 
ongoing SARS-CoV-2 infection, and 77.0% (4,250/5,523) had 
negative tests for SARS-CoV-2. The mean age of patients with 
and without ongoing infection was 70.0±16.6 vs. 71.2±16.6 
years (p=0.13). Cardiac arrest in patients with ongoing 
infection was more likely to occur at home than in patients 
without infection (94.8% vs. 89.1%, respectively (p<0.001). 
A detailed characterization of the etiology of cardiac arrest, 
the presence of witnesses and their undertaking of basic 
life-saving measures, as well as the specifics of the advanced 
resuscitation procedures performed by EMS, is presented 
in Table 2.

Outcomes. Survival to hospital admission, defined as 
admission to the emergency department with sustained 
ROSC, was reported in all studies. Pooled analysis of SHA 
among patients with and without ongoing infection was 
12.2% and 20.1%, respectively (OR = 0.66; 95%CI: 0.40 to 
1.07; p=0.09) (Fig. 2).

In contrast, the survival to hospital discharge/30-day 
survival rate was reported in five studies (0.8% vs. 6.2%) 
between patients with and without ongoing SARS-CoV-2 

Figure 1. Flow diagram of search strategy and study selection

Table 1. Baseline characteristics of included trials

Study Country Study design
COVID-19 patients Non-COVID-19 patients NOS 

scoreNo. Age Female gender No. Age Female gender

Baert et al., 2020 France
Multi-centre longitudinal 

prospective registry
197 67 ± 18 80 (40.6%) 808 69 ± 16 249 (30.8%) 9

Baldi et al., 2020 Italy
Multi-centre longitudinal 

prospective registry
125 76.98 ± 2.25 42 (33.6%) 365 76.75 ± 2.83 127 (34.8%) 9

Cho et al., 2020 Republic of Korea retrospective observational study 10 73.3 ± 4.3 6 (60.0%) 161 72.3 ± 3.2 57 (35.4%) 8

Fothergill et al., 2021 UK retrospective, observational study 766 70 ± 18 298 (38.9%) 2356 71 ± 19 985 (41.8%) 8

Navalpotro-Pascual et al., 
2021

Spain observational, prospective study 87 70 ± 2.7 33 (37.9%) 226 72.5 ± 3.3 91 (40.3%) 8

Sultanian et al., 2021 Sweden observational registry-based study 88 66.5 ± 18.4 29 (32.9%) 334 70.6 ± 16.4 93 (27.8%) 8
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infection, respectively (OR = 0.18; 95%CI: 0.09 to 0.39; 
p<0.001) (Fig. 3).

Only two studies reported survival to hospital discharge in 
good neurological condition; however, the difference between 
patients with and without ongoing SARS-CoV-2 infection 
was not statistically significant (2.1% vs. 1.8%; OR = 2.12; 
95%CI: 0.41 – 10.97; p=0.37).

DISCUSSION

The findings of the current study show that infection 
with COVID-19 had a detrimental influence on all the 
indicators examined, with the exception of surviving hospital 
discharge  in a good neurological condition. Survival to 
hospital admission was 12.2% and 20.1%, respectively, for 
patients with and without persistent infection. Survival to 
hospital discharge or 30-day survival rates were 0.8% and 
6.2%, respectively, while survival to hospital discharge in 
good neurological condition was not statistically significant.

Table 2. Pooled analysis of patients and resuscitation characteristics

Parameter
No. of 

studies

Event / Participants or Mean ± SD Events Heterogeneity between trials p-Value for differences 
across groupsOngoing infection No infection OR or MD 95%CI p-Value I2 statistics

Age 6 70.0 (16.6) 71.2 (16.6) -1.18 -2.72 to 0.36 <0.001 88% 0.13

Female gender 6 488/1273 (38.4%) 1602/4250 (37.7%) 1.11 0.86 to 1.44 0.03 59% 0.42

Home location of CA 5 1020/1076 (94.8%) 3066/3442 (89.1%) 2.01 1.50 to 2.70 0.75 0% <0.001

Time to EMS arrival 6 14.4 (10.4) 12.9 (9.1) 0.97 0.00 to 1.94 <0.001 96% 0.05

Medical aetiology of CA 5 799/840 (95.1%) 2195/2356 (93.1%) 2.77 0.41 to 18.61 <0.001 84% 0.29

Whitnessed arrest 5 459/703 (65.3%) 1181/1828 (64.6%) 1.00 0.83 to 1.21 0.43 0% 0.98

Bystander whitnessed 4 418/803 (52.1%) 1202/2249 (53.4%) 0.98 0.83 to 1.16 0.51 0% 0.80

Shockable rhythm 6 172/860 (20.0%) 526/2493 (21.1%) 0.75 0.45 to 1.24 0.01 66% 0.26

Bystander CPR 5 418/813 (51.4%) 1183/2410 (49.1%) 0.88 0.63 to 1.22 0.04 60% 0.43

Defibrillation during ALS 2 100/582 (17.2%) 390/1076 (36.2%) 0.37 0.25 to 0.56 0.18 45% <0.001

Adrenaline given 3 465/569 (81.7%) 977/1302 (75.0%) 1.29 0.59 to 2.82 0.001 86% 0.52

Amiodarone given 2 6/176 (3.4%) 56/560 (10.0%) 0.35 0.15 to 0.85 0.38 0% 0.02

Mechanical chest compression 2 9/98 (9.2%) 134/387 (34.6%) 0.67 0.23 to 1.91 0.89 0% 0.45

CA - cardiac arrest; CI - confidence interval; CPR - cardiopulmonary resuscitation; MD - mean difference; OR  odds ratio

Figure 2. Forest plot of survival to hospital admission among patients with and without ongoing SARS-CoV-2 infection. The centre of each square represents the odds 
ratio for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds represent pooled results.
CI – confidence interval; OR – odds ratio

Figure 3. Forest plot of survival to hospital discharge or 30-day survival rate patients with and without ongoing SARS-CoV-2 infection. The center of each square 
represents the odds ratio for individual trials, and the corresponding horizontal line stands for a 95% confidence interval. The diamonds represent pooled results.
CI – confidence interval; OR – odds ratio
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There are many studies, including meta-analyses, that 
address the effect of the pandemic on out-of-hospital cardiac 
arrest, as well as in-hospital cardiac arrest, in both the adult 
and paediatric patient populations [24, 27, 44–47]. However, 
the presented meta-analysis demonstrated the influence of 
ongoing SARS-CoV-2 infection on out-of-hospital cardiac 
arrest outcomes.

From the beginning of the pandemic, the prevalence of 
OHCA increased grew in many parts of the world. Regarding 
differences in OHCA outcomes between the pandemic 
and pre-pandemic periods, Scquizzato et  al. [44] in their 
meta-analysis indicate the COVID-19 pandemic affected 
the system of care for out-of-hospital cardiac arrest, and 
patients had worse short-term outcomes compared to the 
pre-pandemic period. Similar conclusions were reached by 
Teoh et al. [46] and Lim et al. [47], as well as other authors [19]. 
COVID-19 has had a significant and diverse impact on out-
of-hospital cardiac arrest (OHCA). The COVID-19 pandemic 
has generated a unique set of issues for emergency medical 
services (EMS) and healthcare systems around the world, 
influencing the management, outcomes and overall care of 
OHCA patients [1, 48]. This can be rooted in many factors.

The potential for delayed recognition and response to 
cardiac arrest situations is one notable impact of COVID-19 on 
OHCA. The pandemic has intensified the strain on healthcare 
systems, with resources being diverted to COVID-19 
management [1, 48]. The typical processes of EMS providers, 
emergency rooms, and hospitals have been significantly 
strained and disrupted [49–51]. This strain, combined with 
the constraints of PPE utilization and infection control 
measures, may result in delays in recognizing OHCA cases 
and commencing prompt resuscitation efforts [52].

A significant decline in bystander reaction rates and the 
beginning of cardiopulmonary resuscitation (CPR) for 
OHCA occurred during the pandemic [53]. Bystanders 
were hesitant to provide CPR due to fear of contracting 
COVID-19, ambiguity about virus transmission, and worries 
about performing mouth-to-mouth resuscitation [54, 55]. 
Furthermore, constraints on in-person CPR training courses 
and public health policies hampered the acquisition by 
general population of critical CPR skills and knowledge. 
These reasons have all contributed to a decline in bystander 
CPR rates, which could have had a substantial impact on 
OHCA survival results [56].

The COVID-19 pandemic placed a burden on EMS systems 
and hospital capacity, potentially disrupting the continuum of 
care for OHCA patients [57, 58]. EMS providers experienced 
difficulties maintaining response times, ensuring appropriate 
ambulance and personnel availability, and managing the 
increased demand for COVID-19-related crises. Hospital 
capacities were exceeded in many regions which caused 
delays in the transfer and admission of OHCA patients, as 
well as constraints in the availability of critical care services, 
such as intensive care unit (ICU) beds and specialized cardiac 
care [59, 60].

Even post-resuscitation care (PRC) is critical in determining 
the neurological outcomes and overall prognosis of OHCA 
patients [61, 62]. In contrast, the COVID-19 pandemic has 
added significant complexity and considerations to providing 
effective post-resuscitation care. Individuals who attain 
ROSC following OHCA may have a concurrent COVID-19 
infection, necessitating specific infection control measures 
and treatment protocol adjustments in some cases [62]. 

To suggest appropriate therapy strategies, more study on 
the potential links between COVID-19 and post-cardiac 
arrest syndrome (PCAS), such as systemic inflammation, 
coagulopathy, and multi-organ failure, is required.

However, in the pandemic, changes were made to health 
care systems as well as to the delivery of CPR itself. Hence, 
in the opinion of the authors of the present review, it was 
important to compare OHCA patients with respect to a single 
period – that is, the COVID-19 pandemic period.

When assessing the impact of SARS-CoV-2 infection 
on OHCA survival, it is critical to remember the direct 
influence of the virus on the human body. Elevated cardiac 
biomarkers and imaging data indicate that SARS-CoV-2 
infection causes myocardial injury [63, 64]. Direct viral 
invasion of cardiac cells, systemic inflammation, endothelial 
dysfunction, micro-vascular thrombosis, and immunological 
destruction are all possible mechanisms underlying 
myocardial injury. Myocardial injury may contribute to 
cardiac dysfunction, arrhythmias, and unfavourable 
cardiac events, thereby influencing the outcome of a 
cardiac arrest [65–69]. Furthermore, COVID-19 patients 
may have cardiac arrhythmias, such as atrial fibrillation, 
ventricular arrhythmias, and conduction abnormalities. 
These arrhythmias can increase the risk of cardiac arrest and 
lead to haemodynamic instability [70, 71]. Understanding the 
underlying mechanisms, risk factors, and suitable therapeutic 
techniques for arrhythmias in COVID-19 patients is critical 
for mitigating negative consequences.

Patients with COVID-19 are also at an elevated risk 
of venous thromboembolism (VTE) or microvascular 
thrombosis [72–74]. VTE, including deep vein thrombosis 
and pulmonary embolism, is more common in patients 
with COVID-19. This elevated risk is due to systemic 
inflammation, endothelial dysfunction, platelet activation, 
and hypercoagulability caused by the SARS-CoV-2 infection 
[15]. Prompt diagnosis, risk classification, and execution 
of effective thromboprophylaxis methods are critical for 
lowering CVD incidence and its impact on cardiac arrest 
outcomes. According to emerging research, SARS-CoV-2 
infection can cause microvascular thrombosis, particularly 
in the pulmonary vasculature. Microvascular thrombus 
formation in the lungs may contribute to impeded gas 
exchange, aggravated hypoxaemia, and the development of 
ARDS, negatively impacting the prognosis of cardiac arrest 
patients [75, 76].

Given these effects of SARS-CoV-2 on the body, it is not 
surprising that the chances of sustained ROSC in OHCA 
patients are reduced, and thus also the chances of survival 
to hospital discharge.

Limitations. It is worth noting that the limited number 
of studies providing data on neurological outcomes in the 
context of ongoing infection indicates a need for further 
research in this area. Future investigations should aim to 
explore the impact of ongoing infection, including SARS-
CoV-2 infection, on the neurological condition of patients 
after hospital discharge. This gap in our knowledge presents 
an opportunity for researchers and healthcare professionals 
to collaborate.
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CONCLUSION

Compared to the non-infected patients, the SARS-CoV-2 
infection was associated with worse OHCA outcomes.

Acknowledgements
The study was supported by the European Research Council 
(ERC) Research Net and by the Polish Society of Disaster 
Medicine in Warsaw, Poland.

REFERENCES

1. Dzieciatkowski T, Szarpak L, Filipiak KJ, et al. COVID-19 challenge 
for modern medicine. Cardiol J. 2020;27(2):175–183. https://doi.
org/10.5603/CJ. a2020.0055

2. Nessler K, Van Poel E, Willems S, et al. The response of primary care 
practices in rural and urban settings in Poland to the challenges of the 
COVID-19 pandemic. Ann Agric Environ Med. 2022;29(4):575–581. 
https://doi.org/10.26444/aaem/155906

3. COVID-19 Excess Mortality Collaborators. Estimating excess mortality 
due to the COVID-19 pandemic: a systematic analysis of COVID-19-
related mortality, 2020–21. Lancet. 2022 Apr 16;399(10334):1513–1536. 
https://doi.org/10.1016/S0140-6736(21)02796-3

4. Karim S, Eidizadeh M, Kazemi M, et  al. Risk factors related to 
COVID-19 survival and mortality: a cross-sectional-descriptive study 
in regional COVID-19 registry in Fasa, Iran. Disaster Emerg Med J. 
2023. https://doi.org/10.5603/DEMJ.a2023.0017

5. Gibson PG, Qin L, Puah SH. COVID-19 acute respiratory distress 
syndrome (ARDS): clinical features and differences from typical pre-
COVID-19 ARDS. Med J Aust. 2020 Jul;213(2):54–56.e1. https://doi.
org/10.5694/mja2.50674

6. Matuszewski M, Ładny J, Rafique Z, et al. Prediction value of soluble 
urokinase plasminogen activator receptor (suPAR) in COVID-19 
patients – a systematic review and meta-analysis. Ann Agric Environ 
Med. 2023;30(1):142–147. https://doi.org/10.26444/aaem/160084

7. Szarpak Ł, Nowak B, Kosior D, et al. Cytokines as predictors of 
COVID-19 severity: evidence from a meta-analysis. Pol Arch Intern 
Med. 2021 Jan 29;131(1):98–99. https://doi.org/10.20452/pamw.15685

8. Matuszewski M, Pruc M, Szarpak L, et al. A comprehensive review 
and meta-analysis of the relationships between interleukin-7 levels 
and COVID-19 severity. J Health Soc Sci. 2023;8(1):33–44. https://doi.
org/10.19204/2023/acmp3

9. Schmidt W, Jóźwiak B, Czabajska Z, et al. On-admission laboratory 
predictors for developing critical COVID-19 during hospitalization 
– a multivariable logistic regression model. Ann Agric Environ Med. 
2022;29(2):274–280. https://doi.org/10.26444/aaem/145376

10. Matuszewski M, Afolabi AA, Ilesanmi OS, et  al. Associations 
between Interleukin-4 and COVID-19 severity: A systematic review 
and meta-analysis. J Health Soc Sci. 2022;7(4):381–396. https://doi.
org/10.19204/2022/SSCT4

11. Yaman E, Demirel B, Yilmaz A, et  al. Retrospective evaluation of 
laboratory findings of suspected paediatric COVID-19 patients with 
positive and negative RT-PCR. Disaster Emerg Med J. 2021;6(3):97–103. 
https://doi.org/10.5603/DEMJ.a2021.0023

12. Montazersaheb S, Hosseiniyan Khatibi SM, Hejazi MS, et al. COVID-19 
infection: an overview on cytokine storm and related interventions. Virol 
J. 2022 May 26;19(1):92. https://doi.org/10.1186/s12985-022-01814-1

13. Olszewska-Parasiewicz J, Szarpak Ł, et al. Statins in COVID-19 Therapy. 
Life (Basel). 2021 Jun 16;11(6):565. https://doi.org/10.3390/life11060565

14. Dubey L, Dorosh O, Dubey N, et al. COVID-19-induced coagulopathy: 
Experience, achievements, prospects. Cardiol J. 2023 Jan 2. https://doi.
org/10.5603/CJ.a2022.0123

15. Levy JH, Iba T, Olson LB, Corey KM, Ghadimi K, Connors JM. 
COVID-19: Thrombosis, thromboinflammation, and anticoagulation 
considerations. Int J Lab Hematol. 2021;43 Suppl 1(Suppl 1):29–35. 
https://doi.org/10.1111/ijlh.13500

16. Katsoularis I, Fonseca-Rodríguez O, Farrington P, et al. Risk of acute 
myocardial infarction and ischaemic stroke following COVID-19 in 
Sweden: a self-controlled case series and matched cohort study. Lancet 
2021;398:599–607.doi:10.1016/S0140-6736(21)00896-5 pmid:http://
www.ncbi.nlm.nih.gov/pubmed/34332652

17. Wang W, Wang CY, Wang SI, Wei JC. Long-term cardiovascular 
outcomes in COVID-19 survivors among non-vaccinated population: A 
retrospective cohort study from the TriNetX US collaborative networks. 

E Clin Med. 2022 Nov;53:101619. doi: 10.1016/j.eclinm.2022.101619. 
Epub 2022 Aug

18. Nucera G, Chirico F, Rafique Z, Gilis-Malinowska N, Gasecka A, 
Litvinova N, Wang B, Ilesanmi OS, Pruc M, Jaguszewski MJ, Szarpak 
L. Need to update cardiological guidelines to prevent COVID-19 related 
myocardial infarction and ischemic stroke. Cardiol J. 2022;29(1):174–
175. doi: 10.5603/CJ.a2021.0120. Epub 2021 Oct 13. PMID: 34642925; 
PMCID: PMC8890413.

19. Bielski K, Szarpak A, Jaguszewski MJ, Kopiec T, Smereka J, Gasecka 
A, Wolak P, Nowak-Starz G, Chmielewski J, Rafique Z, Peacock FW, 
Szarpak L. The Influence of COVID-19 on Out-Hospital Cardiac Arrest 
Survival Outcomes: An Updated Systematic Review and Meta-Analysis. 
J Clin Med. 2021 Nov 27;10(23):5573. doi: 10.3390/jcm10235573. PMID: 
34884289; PMCID: PMC8658174.

20. Berdowski J, Berg RA, Tijssen JG, Koster RW. Global incidences of 
out-of-hospital cardiac arrest and survival rates: systematic review of 
67 prospective studies. Resuscitation. 2010;81(11):1479–87.

21. Nishiyama, C, Kiguchi, T, Okubo, M, Alihodžić, H, Al-Araji, R, Baldi, 
E, et al. Three-year trends in out-of-hospital cardiac arrest across the 
world: second report from the International Liaison Committee on 
Resuscitation (ILCOR). Resuscitation. (2023) 186:109757. doi: 10.1016/j.
resuscitation.2023.10975

22. Bielski K, Böttiger BW, Pruc M, et al. Outcomes of audio-instructed and 
video-instructed dispatcher-assisted cardiopulmonary resuscitation: a 
systematic review and meta-analysis. Ann Med. 2022 Dec;54(1):464–
471. doi: 10.1080/07853890.2022.2032314.

23. Hallstrom A, Cobb L, Johnson E, Copass M. Cardiopulmonary resuscitation 
by chest compressions alone or with mouth to mouth ventilation. N Engl 
J Med. 2000;342(21):1546–53. 10.1056/NEJM200005253422101

24. Leung KY, Chu CMM, Lui CT. Exposure-response relationship between 
COVID-19 incidence rate and incidence and survival of out-of-hospital 
cardiac arrest (OHCA). Resusc Plus. 2023 Jun;14:100372. doi: 10.1016/j.
resplu.2023.100372.

25. Borkowska MJ, Smereka J, Safiejko K, et al. Out-of-hospital cardiac 
arrest treated by emergency medical service teams during COVID-19 
pandemic: A retrospective cohort study. Cardiol J. 2021;28(1):15–22. 
doi: 10.5603/CJ.a2020.0135.

26. Kennedy C, Alqudah Z, Stub D, Anderson D, Nehme Z. The effect of 
the COVID-19 pandemic on the incidence and survival outcomes of 
EMS-witnessed out-of-hospital cardiac arrest. Resuscitation. 2023 
Jun;187:109770. doi: 10.1016/j.resuscitation.2023.109770.

27. Meyer-Szary J, Jaguszewski MJ, Smereka J, et al. Impact of COVID-19 on 
pediatric out-of-hospital cardiac arrest in the Masovian region. Disaster 
Emerg Med J. 2021;6(4):183–185. DOI: 10.5603/DEMJ.a2021.0028.

28. Navolokina A, Smereka J, Böttiger BW, et al. The Impact of COVID-19 
on Pediatric Cardiac Arrest Outcomes: A Systematic Review and Meta-
Analysis. Int J Environ Res Public Health. 2023 Jan 8;20(2):1104. doi: 
10.3390/ijerph20021104.

29. Chojecka D, Pytlos J, Zawadka M, et al. How to Maintain Safety and 
Maximize the Efficacy of Cardiopulmonary Resuscitation in COVID-19 
Patients: Insights from the Recent Guidelines. J Clin Med. 2021 Nov 
30;10(23):5667. doi: 10.3390/jcm10235667.

30. Solomon MD, McNulty EJ, Rana JS. The covid-19 pandemic and the 
incidence of acute myocardial infarction. N Engl J Med. 2020;383:691–693.

31. Liu CH, Tsai MJ, Hsu CF, Tsai CH, Su YS, Cai DC. The Influence of 
the COVID-19 Pandemic on Emergency Medical Services to Out-
of-Hospital Cardiac Arrests in a Low-Incidence Urban City: An 
Observational Epidemiological Analysis. Int J Environ Res Public 
Health. 2023 Feb 3;20(3):2713. doi: 10.3390/ijerph20032713. PMID: 
36768079; PMCID: PMC9915115.

32. Al-Jeabory M, Safiejko K, Bialka S, Pruc M, Gasecka A, Szarpak L. 
Impact of COVID-19 on bystander cardiopulmonary resuscitation 
in out-of-hospital cardiac arrest: Is it as bad as we think? Cardiol J. 
2020;27(6):884–885. doi: 10.5603/CJ.a2020.0179.

33. Kurosaki H, Okumura K, Nunokawa C, Yao S, Murasaka K, Inaba H. 
Effects of the 2020 COVID-19 pandemic on outcomes of out-of-hospital 
cardiac arrest and bystander resuscitation efforts: a nationwide cohort 
study in Japan. Eur J Emerg Med. 2023 Jun 1;30(3):171–178. doi: 10.1097/
MEJ.0000000000001014.

34. Fazel MF, Mohamad MHN, Sahar MA, Juliana N, Abu IF, Das S. 
Readiness of Bystander Cardiopulmonary Resuscitation (BCPR) 
during the COVID-19 Pandemic: A Review. Int J Environ Res Public 
Health. 2022 Sep 2;19(17):10968. doi: 10.3390/ijerph191710968. PMID: 
36078684; PMCID: PMC9518324.

35. Ventura CAI, Denton EE, David JA, Schoenfelder BJ, Mela L, Lumia RP, 
Rudi RB, Haldar B. Emergency Medical Services Prehospital Response 
to the COVID-19 Pandemic in the US: A Brief Literature Review. Open 

374 Annals of Agricultural and Environmental Medicine 2023, Vol 30, No 2



Artur Krawczyk, Lukasz Szarpak, Nicola Luigi Bragazzi, Basar Cander , Stepan Feduniw, Michal Pruc et al. Effect of SARS-CoV-2 infection on out-of-hospital cardiac arrest…

Access Emerg Med. 2022 May 30;14:249–272. doi: 10.2147/OAEM.
S366006. PMID: 35669176; PMCID: PMC9165654.

36. McCann-Pineo M, Li T, Barbara P, Levinsky B, Debono J, Berkowitz 
J. Utility of Emergency Medical Dispatch (EMD) Telephone Screening 
in Identifying COVID-19 Positive Patients. Prehosp Emerg Care. 2021 
Jul 12:1–10. doi: 10.1080/10903127.2021.1939817. Epub ahead of print. 
PMID: 34115573.

37. Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002. https://doi.org/10.1002/sim.1186.

38. Baert V, Jaeger D, Hubert H, Lascarrou JB, Debaty G, Chouihed T, 
Javaudin F; GR-RéAC. Assessment of changes in cardiopulmonary 
resuscitation practices and outcomes on 1005 victims of out-of-hospital 
cardiac arrest during the COVID-19 outbreak: registry-based study. 
Scand J Trauma Resusc Emerg Med. 2020 Dec 18;28(1):119. doi: 10.1186/
s13049-020-00813-x

39. Baldi E, Sechi GM, Mare C, et al. COVID-19 kills at home: the close 
relationship between the epidemic and the increase of out-of-hospital 
cardiac arrests. Eur Heart J. 2020 Jun 1;41(32):3045–3054. doi: 10.1093/
eurheartj/ehaa508

40. Cho JW, Jung H, Lee MJ, et al. Preparedness of personal protective 
equipment and implementation of new CPR strategies for patients with 
out-of-hospital cardiac arrest in the COVID-19 era. Resusc Plus. 2020 
Sep;3:100015. doi: 10.1016/j.resplu.2020.100015.

41. Fothergill RT, Smith AL, Wrigley F, Perkins GD. Out-of-Hospital 
Cardiac Arrest in London during the COVID-19 pandemic. Resusc 
Plus. 2021 Mar;5:100066. doi: 10.1016/j.resplu.2020.100066

42. Navalpotro-Pascual JM, Fernández Pérez C, Peinado Vallejo FA, 
et al. Caseload and cardiopulmonary arrest management by an out-
of-hospital emergency service during the COVID-19 pandemic. 
Emergencias. 2021;33(2):100–106.

43. Sultanian P, Lundgren P, Strömsöe A, et al. Cardiac arrest in COVID-19: 
characteristics and outcomes of in- and out-of-hospital cardiac arrest. A 
report from the Swedish Registry for Cardiopulmonary Resuscitation. Eur 
Heart J. 2021 Mar 14;42(11):1094–1106. doi: 10.1093/eurheartj/ehaa1067

44. Scquizzato T, Landoni G, Scandroglio AM, Franco A, Calabrò MG, 
Paoli A, D’Amico F, Yavorovskiy A, Zangrillo A. Outcomes of out-
of-hospital cardiac arrest in patients with SARS-CoV-2 infection: a 
systematic review and meta-analysis. Eur J Emerg Med. 2021 Dec 
1;28(6):423–431. doi: 10.1097/MEJ.0000000000000878

45. Borkowska MJ, Jaguszewski MJ, Koda M, et al. Impact of Coronavirus 
Disease 2019 on Out-of-Hospital Cardiac Arrest Survival Rate: A 
Systematic Review with Meta-Analysis. J Clin Med. 2021 Mar 
15;10(6):1209. doi: 10.3390/jcm10061209

46. Teoh SE, Masuda Y, Tan DJH, Liu N, Morrison LJ, Ong MEH, Blewer AL, 
Ho AFW. Impact of the COVID-19 pandemic on the epidemiology of out-
of-hospital cardiac arrest: a systematic review and meta-analysis. Ann 
Intensive Care. 2021 Dec 7;11(1):169. doi: 10.1186/s13613-021-00957-8

47. Lim ZJ, Ponnapa Reddy M, Afroz A, Billah B, Shekar K, Subramaniam 
A. Incidence and outcome of out-of-hospital cardiac arrests in the 
COVID-19 era: A systematic review and meta-analysis. Resuscitation. 
2020 Dec;157:248–258. doi: 10.1016/j.resuscitation.2020.10.025

48. Smereka J, Szarpak L. COVID 19 a challenge for emergency 
medicine and every health care professional. Am J Emerg Med. 2020 
Oct;38(10):2232–2233. doi: 10.1016/j.ajem.2020.03.038

49. Garcia-Castrillo L, Petrino R, Leach R, Dodt C, Behringer W, Khoury 
A, Sabbe M. European Society For Emergency Medicine position paper 
on emergency medical systems’ response to COVID-19. Eur J Emerg 
Med. 2020 Jun;27(3):174–177. doi: 10.1097/MEJ.0000000000000701

50. Jachetti A, Colombo G, Brignolo-Ottolini B, Franchi J, Solbiati M, 
Pecorino Meli M, Bosco P, Costantino G. Emergency department 
reorganisation to cope with COVID-19 outbreak in Milan university 
hospital: a time-sensitive challenge. BMC Emerg Med. 2021 Jun 
28;21(1):74. doi: 10.1186/s12873-021-00464-w

51. Sabbaghi M, Namazinia M, Miri K. Time indices of pre-hospital EMS 
missions before and during the COVID-19 pandemic: a cross-sectional 
study in Iran. BMC Emerg Med. 2023 Jan 28;23(1):9. doi: 10.1186/
s12873-023-00780-3

52. Malysz M, Dabrowski M, Böttiger BW, et  al. Resuscitation of the 
patient with suspected/confirmed COVID-19 when wearing personal 
protective equipment: A randomized multicenter crossover simulation 
trial. Cardiol J. 2020;27(5):497–506. doi: 10.5603/CJ.a2020.0068

53. Bray J, Cartledge S, Scapigliati A. Bystander CPR in the COVID-19 pandemic. 
Resusc Plus. 2020 Dec;4:100041. doi: 10.1016/j.resplu.2020.100041

54. Mori Y, Iio Y, Aoyama Y, Kozai H, Tanaka M, Aoike M, Kawamura 
H, Seguchi M, Tsurudome M, Ito M. Willingness and Predictors of 
Bystander CPR Intervention in the COVID-19 Pandemic: A Survey of 

Freshmen Enrolled in a Japanese University. Int J Environ Res Public 
Health. 2022 Nov 27;19(23):15770. doi: 10.3390/ijerph192315770

55. April MD. COVID-19 lockdown and bystander cardiopulmonary 
resuscitation: All associations are local. Resuscitation. 2023 
May;186:109780. doi: 10.1016/j.resuscitation.2023.109780

56. Babini G, Ristagno G. COVID-19 and reduced bystander 
cardiopulmonary resuscitation: A thanatophobic attitude leading to 
increased deaths from cardiac arrest? Acta Anaesthesiol Scand. 2023 
Jan;67(1):2–3. doi: 10.1111/aas.14151

57. Szarpak L, Pruc M, Nadolny K, Smereka J, Ladny JR. Role of a field 
hospital in COVID-19 pandemic. Disaster Emerg Med J. 2020;5(4):221–
223. DOI: 10.5603/DEMJ.a2020.0046

58. Kokudo N, Sugiyama H. Hospital capacity during the COVID-19 pandemic. 
Glob Health Med. 2021 Apr 30;3(2):56–59. doi: 10.35772/ghm.2021.01031

59. Alqahtani F, Khan A, Alowais J, Alaama T, Jokhdar H. Bed Surge 
Capacity in Saudi Hospitals During the COVID-19 Pandemic. Disaster 
Med Public Health Prep. 2021 Apr 19:1–7. doi: 10.1017/dmp.2021.117

60. Tapia-Conyer R, Valdez-Vázquez RR, Lomelín-Gascón J, et al. Rapid 
establishment of a dedicated COVID-19 hospital in Mexico city during 
a public health crisis. Hosp Pract (1995). 2022 Aug;50(3):183–187. doi: 
10.1080/21548331.2021.2017644

61. Perkins GD, Graesner JT, Semeraro F, et al. European Resuscitation 
Council Guidelines 2021: Executive summary. Resuscitation. 2021 
Apr;161:1–60. doi: 10.1016/j.resuscitation.2021.02.003

62. Bhardwaj A, Alwakeel M, Duggal A, Abi Fadel F, Abella BS. Post 
resuscitation myocardial dysfunction and echocardiographic 
characteristics following COVID-19 cardiac arrest. Resuscitation. 
2022 Apr;173:57–58. doi: 10.1016/j.resuscitation.2022.02.009

63. Tajbakhsh A, Gheibi Hayat SM, Taghizadeh H, Akbari A, Inabadi 
M, Savardashtaki A, Johnston TP, Sahebkar A. COVID-19 and 
cardiac injury: clinical manifestations, biomarkers, mechanisms, 
diagnosis, treatment, and follow up. Expert Rev Anti Infect Ther. 2021 
Mar;19(3):345–357. doi: 10.1080/14787210.2020.1822737

64. Giustino G, Croft LB, Stefanini GG, et  al. Characterization of 
Myocardial Injury in Patients With COVID-19. J Am Coll Cardiol. 
2020 Nov 3;76(18):2043–2055. doi: 10.1016/j.jacc.2020.08.069

65. Zhang X, Wang B, Geng T, et al. Causal associations between COVID-19 
and atrial fibrillation: A bidirectional Mendelian randomization study. 
Nutr Metab Cardiovasc Dis. 2022 Apr;32(4):1001–1009. doi: 10.1016/j.
numecd.2021.11.010

66. Szarpak L, Pruc M, Filipiak KJ, et al. Myocarditis: A complication of 
COVID-19 and long-COVID-19 syndrome as a serious threat in modern 
cardiology. Cardiol J. 2022;29(1):178–179. doi: 10.5603/CJ.a2021.0155

67. Patone M, Mei XW, Handunnetthi L, et  al. Risks of myocarditis, 
pericarditis, and cardiac arrhythmias associated with COVID-19 
vaccination or SARS-CoV-2 infection. Nat Med. 2022 Feb;28(2):410–
422. doi: 10.1038/s41591-021-01630-0

68. Szarpak L, Filipiak KJ, Gasecka A, Pruc M, Drozd A, Jaguszewski MJ. 
Correlation between takotsubo cardiomyopathy and SARS-CoV-2 
infection. Med Hypotheses. 2021 Jan;146:110454. doi: 10.1016/j.
mehy.2020.110454

69. Dherange P, Lang J, Qian P, Oberfeld B, Sauer WH, Koplan B, Tedrow 
U. Arrhythmias and COVID-19: A Review. JACC Clin Electrophysiol. 
2020 Sep;6(9):1193–1204. doi: 10.1016/j.jacep.2020.08.002

70. Denegri A, Sola M, Morelli M, et al. Arrhythmias in COVID-19/SARS-
CoV-2 Pneumonia Infection: Prevalence and Implication for Outcomes. 
J Clin Med. 2022 Mar 7;11(5):1463. doi: 10.3390/jcm11051463

71. Szarpak L, Filipiak KJ, Skwarek A, et  al. Outcomes and mortality 
associated with atrial arrhythmias among patients hospitalized 
with COVID-19: A systematic review and meta-analysis. Cardiol J. 
2022;29(1):33–43. doi: 10.5603/CJ.a2021.0167

72. Asakura H, Ogawa H. COVID-19-associated coagulopathy and 
disseminated intravascular coagulation. Int J Hematol. 2021 
Jan;113(1):45–57. doi: 10.1007/s12185-020-03029-y

73. Dubey L, Lytvyn H, Dorosh O, et al. The pathogenesis of COVID-19: 
Hypercoagulation and D-dimer in thrombotic complications. J Health 
Soc Sci 2023, 8, 1, 45–58. doi: 10.19204/2023/thpt4

74. Plášek J, Gumulec J, Máca J, Škarda J, Procházka V, Grézl T, Václavík 
J. COVID-19 associated coagulopathy: Mechanisms and host-directed 
treatment. Am J Med Sci. 2022 Jun;363(6):465–475. doi: 10.1016/j.
amjms.2021.10.012

75. Joffre J, Rodriguez L, Matthay ZA, et al. COVID-19-associated Lung 
Microvascular Endotheliopathy: A “From the Bench” Perspective. 
Am J Respir Crit Care Med. 2022 Oct 15;206(8):961–972. doi: 10.1164/
rccm.202107-1774OC

76. Poor HD. Pulmonary Thrombosis and Thromboembolism in COVID-19. 
Chest. 2021 Oct;160(4):1471–1480. doi: 10.1016/j.chest.2021.06.016

375Annals of Agricultural and Environmental Medicine 2023, Vol 30, No 2


