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1 Abstract
Introduction and Objective. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) caused a global pandemic and
had a negative impact on the entire health care system. To understand the effect of COVID-19 on outcomes of in-hospital
cardiac arrest (IHCA), a systematic review and meta-analysis of studies was designed to compare the pre-and intra-pandemic
periods of adult patients who suffered cardiac arrest, and additionally by performing a sub-analysis related to COVID-19
positive vs. negative patients in the same group of patients.
Materials and method. To evaluate the impact of COVID-19 on IHCA outcomes a systematic review and meta-analysis
was performed. Pubmed (MEDLINE), Scopus, Embase, Web of Science, and Cochrane database were searched for articles
published from 1 January 2020 — 8 April 2023.
Results. Return of spontaneous circulation events among IHCA patients in pre-COVID-19 and COVID-19 pandemic periods
varied and amounted to 64.0% vs. 60.0%, respectively (OR=1.23; 95%Cl: 1.19 to 1.26; p<0.001). Re-arrest occurrence was
4.5% vs. 4.9%, respectively (OR=1.24; 95%Cl: 1.00 to 1.53; p=0.05). Survival to hospital discharge (SHD) was 25.1% compared
t0 20.9% for COVID-19 period (OR = 1.17; 95%Cl: 0.96 to 1.41; p=0.12). During the COVID-19 period, SHD in COVID-19 positive
patients was 14.0% compared to 25.9% for patients without COVID-19 (OR=0.72; 95%Cl: 0.28 to 1.86; p=0.50). 30-day survival
rate among COVID-19 positive vs. negative patients was 62.6% vs. 58.3%, respectively (OR =0.99; 95%Cl: 0.23 to 4.24; p=0.99).
Conclusions. Patients with SARS-CoV-2 infection had reduced rates of ROSC and SDH, as well as poorer neurologic outcomes
and increased in hospital re-arrests during the COVID-19 period. However, the 30-day survival rate was similar in SARS-CoV-2
positive and negative patients.
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1 Abbreviations
Cl - Confidence interval; IHCA - In-hospital cardiac arrest; MD — Mean difference; NOS — Newcastle Ottawa Scale; OR -
Odds ratio; PEA - Pulseless electrical activity; PCR — polymerase chain reaction; ROSC - Return of spontaneous circulation;
PRISMA - Preferred Reporting Items for Systematic Reviews and Meta-analysis; SHD - Survival to hospital discharge

INTRODUCTION

The COVID-19 pandemic affected over 663 million patients
worldwide and resulted in at least 6 million deaths. Accurately
assessing the number of infected patients and pandemic-
related deaths is challenging due to unreliable data during the
initial stages of the pandemic when SARS-CoV-2 tests were
not widely accessible [1-3]. Furthermore, in many countries,
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COVID-19 has become a subject of significant political
debate, leading to unreliable reporting of pandemic-related
morbidity and mortality [4-6]. Nevertheless, an objective
approach to reducing bias and estimating the actual number
of pandemic-related deaths involves comparing mortality
rates between the pre- and intra-pandemic periods [7, 8].
In-hospital cardiac arrest IHCA) is associated with a
high mortality rate and the risk of permanent damage to
neurological function [3, 9], despite advances in training,
technology, and guidelines. Sudden cardiac arrest is
associated with serious disturbances in blood flow and
metabolism, depending on its duration, causative causes, and
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comorbidities [10-15]. In recent decades, IHCA outcomes
have steadily improved due to improvements in training,
equipment availability, and the overall quality of medical care
[16]. Of particular note is the creation of rapid response teams
and the implementation of early warning systems which,
in some managed care systems, have reduced the number
of cases of sudden in-hospital cardiac arrest by half (cite).

In-hospital cardiac arrest (IHCA) accounts for most deaths
while patients are hospitalized [17, 18]. Survival after an
THCA incident depends on several factors, including the
quality and timing of the initiation of resuscitation efforts,
comorbidities, the resuscitation setting (e.g., intensive care
unit vs. general floor), and the initial cardiac rhythm. In
both THCA and out-of-hospital cardiac arrest, ventricular
fibrillation treated with rapid defibrillation is associated with
much higher patient survival than non-shockable rhythms.

COVID-19 has affected many of the factors that influence
a positive resuscitation outcome: 1) the volume of patients
strained the healthcare system, so that critically ill patients
were placed in non-critical beds, which may have affected
the initiation of resuscitation and available equipment,
2) the availability of protective equipment and the use of
cumbersome equipment negatively impacted the quality of
resuscitative efforts, 3) hypoxia caused pulseless electrical
activity (PEA) [19-21].

To understand the effect of COVID-19 on outcomes of
THCA, a systematic review and meta-analysis of studies was
designed to compare the pre- and intra-pandemic periods of
adult patients who suffered cardiac arrest, and additionally
to perform a sub-analysis related to COVID-19 positive vs.
negative patients in the same group of patients.

MATERIALS AND METHOD

The article was written as a systematic review and meta-
analysis, and was accordingly reported to the Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) statement [19]. The study protocol was defined
a priori and registered in the PROSPERO register —
International Prospective Register of Systematic Reviews
under No. CRD42022382141.

Datasources and searches. A comprehensive literature search
of Pubmed (MEDLINE), Scopus, Embase, Web of Science, and
Cochrane electronic databases was conducted interpedently
by two reviewers (KB and MP for the identification of relevant
entries dated until 8 April 2023. Any disagreements between
reviewers were resolved by discussion with a third reviewer
(LS). The key word string ‘in-hospital cardiac arrest’ or
THCA’ and ‘COVID-19’ or ‘SARS-CoV-2’ or ‘ncov’ or ‘novel
coronavirus’ was used. Reference lists and citing articles from
included studies were also screened. For reports by the same
author, only the latest or the most intact were used to avoid
overlapping queues. Where articles referred to the same group
of patients, the article with the largest number of patients
was used, while the remaining articles used outcomes not
included in the main study. All references were managed and
duplicates removed in EndNote (ver. X9, Clarivate Analytic).

Study selection. The search was limited to studies:
1) comparing cardiac arrest outcomes in the pre- and during
COVID-19 periods or during COVID-19 periods among

patients stratified by COVID-19 status (i.e., either positive
Vs negative);

2) evaluating the clinical outcomes of cardiac arrest;

3) with accessible and essential data;

4) studies published in English.

Studies that did not meet the following criteria were
excluded:
1) did not report any of the pre-specified outcomes;
2)did not present a comparative group;
3) not published in English;
4) reviews, conference abstracts, paediatric patients, animal
experiments, case reports or case series, or comments.

Data extraction. Two reviewers (KB and MP) screened the

published studies by extracting data from each manuscript

using a predetermined standardized data form. A third

reviewer (LS) reassessed the literature if the preliminary

conclusions were uncertain. The information extracted from

the studies included the following:

1) first author and publication date, country of origin, study
design;

2) type of participant group;

3) case number; age, male gender;

4)ITHCA outcomes.

Outcomes. The primary outcome was defined as the incidence
of return of spontaneous circulation (ROSC). Secondary
outcomes included: survival to hospital discharge (SHD),
30-day survival rate, SHD with a good neurological outcome,
defined as 1-2 points on the Cerebral Performance Categories
(CPC) Scale, as well as cardiac arrest recurrence.

Assessment of study quality. Two reviewers (KB and MP)
independently assessed the quality of the included studies. If
there were any differences between the reviewers, they were
resolved by discussion with a third reviewer (ZR). The risk
of bias within an individual cohort study was determined
using the Newcastle Ottawa Scale (NOS) [23]. NOS measures
the quality of a study based on three aspects: selection,
comparability, and exposure. The maximum scores for these
three aspects were 4, 2 and 3 stars, respectively. Studies with
NOS scores = 7 were considered to be high-quality studies.

Statistical analysis. All statistical analyses were performed
using RevMan (ver. 5.4; Cochrane Collaboration, Oxford,
UK). The pooled prevalence was estimated using the Mantel-
Haenszel method. The results are presented as forest plots
using odds ratios (ORs) with 95% confidence intervals (CIs).
For dichotomous data and the mean difference (MD) for
continuous data, with 95% CI. When data were reported
as median with interquartile range, estimated means and
standard deviations using the formula described by Hozo,
were used [24]. Heterogeneity between studies was assessed
by the I? test and assessed as low, moderate, or high, when I?
was <50%, 50-75%, or 276%, respectively [25]. The random-
effects model was used for I > 50%; otherwise, the fixed
effect model was employed. Egger’s test and funnel plots were
used to assess potential bias and perform funnel plot tests for
asymmetry to investigate potential publication bias if there
were more than ten trials in a single meta-analysis. A 2-sided
test was conducted to calculate all P values, and a P value was
considered statistically significant when it was less than 0.05.
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RESULTS

Study selection. The outline of the study selection process is
depicted in a PRISMA diagram (Fig. 1). A total of 1,021 studies
were identified from the primary literature retrieval. Among
them, 374 studies were excluded because of duplication. After
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Figure 1. Flow diagram of the search strategy and study selection

reading the titles and abstracts, 624 irrelevant studies were also
excluded. Of the remaining studies, another 23 were excluded
because they were reviews, case reports, or not in English.
Finally, the 11 included manuscripts [26-36] referring to 10
studies were included in the meta-analysis. Girotra et al. [28]
and Gupta et al. [29] refer to the same population, however,
Girotra et al. [28] analyze the IHCA for positive and negative
COVID-19 pandemic patients, while Gupta et al. [29] compare
the periods before and during the COVID-19 pandemic.
Studies included in the meta-analysis were published between
2020 - 2022, and the countries included the USA, UK, Sweden,
Singapore, Pakistan, Germany and China. Among those
studies, eight reported IHCA outcomes between the pre-
pandemic and COVID-19 pandemic periods (95,115 vs. 27,633
patients, respectively) [26, 27, 29, 32-35], and three studies
during the COVID-19 period among SARS-CoV-2 positive
vs. negative patients (6,225 vs. 20,401 patients, respectively)
[28, 30, 34, 36]. The baseline characteristics are described in
Table 1. The methodologic quality of the included trials was
low, as summarized in Table 1.

Pre-COVID-19 vs. COVID-19 period meta-analysis.
Seven studies reported ROSC among IHCA patients in
pre-COVID-19 and COVID-19 pandemic periods. Pooled
analysis showed that ROSC events among those periods
varied and amounted to 64.0% vs. 60.0%, respectively (OR
=1.23;95% CI: 1.19 to 1.26; p<0.001) (Fig. 2).

In the pre-COVID-19 period, shockable rhythms occurred
in 18.3% of cases during the first documented rhythm,
compared to 16.1% during the COVID-19 pandemic period
(OR =1.30;95% CI: 1.01 to 1.67; p=0.04). Re-arrest occurrence
was 4.5% vs. 4.9%, respectively (OR = 1.24; 95% CI: 1.00

Pre-COVID-19 CoviD-19 Odds Ratio Odds Ratio
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Figure 2. Forest plot of return of spontaneous circulation among patients with IHCA in pre-COVID-19 vs. COVID-19 periods. 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.
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Figure 3. Forest plot of survival to hospital discharge among patients with IHCA in pre-COVID-19 vs. COVID-19 periods. The centre of each square represents the odds
ratio for individual trials; the corresponding horizontal line stands for a 95% confidence interval. The diamonds represent pooled results.
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to 1.53; p=0.05). The pre-COVID-19 period had a hospital
survival rate of 25.1% compared to 20.9% in the COVID-19
period (OR = 1.17; 95% CI: 0.96 to 1.41; p = 0.12) (Fig. 3).

COVID-19 positive vs. negative meta-analysis. ROSC
among COVID-19 positive vs. negative patients was
reported in three studies [28, 30, 34] in which they varied
and amounted to 52.9% vs. 62.6%, respectively (OR = 0.59;
95% CI: 0.47 to 0.75; p<0.001.

SHD in COVID-19 positive patients was 14.0% compared
t0 25.9% for patients without COVID-19 (OR = 0.72; 95%CI:
0.28 to 1.86; p=0.50) [28,30,34]. Only one study [36] found
that SHD with CPC 1-2 was 9.1% vs. 27.3% in COVID-19
positive vs. negative patients (OR = 0.27; 95% CI: 0.09 to
0.80; p = 0.02). 30-day survival rate was 62.6% vs. 58.3%,
respectively (OR =0.99; 95%CI: 0.23 to 4.24; p=0.99) [30, 34].

DISCUSSION

To the best of the authors’ knowledge, this is the largest and
also the most up-to-date study to evaluate IHCA outcomes
in pre-COVID-19 vs. COVID-19 periods, summarizing 11
studies and 122,748 patient outcomes. It was found that
ROSC occurred less frequently, and fewer patients survived
discharge from the hospital during the COVID-19 period.
Moreover, recurrent cardiac arrests occurred more commonly
during this period. During the COVID-19 period, ROSC
occurred less frequently, and fewer patients survived until
discharge when SARS-CoV-2 was positive, reinforcing the
fact that the lower ROSC and SHD seen during the pandemic
were due to the SARS-CoV-2 infection [37, 38]. However, the
30-day survival was similar between SARS-CoV-2 positive
and negative patients.

Some reasons have been postulated for why COVID-19
increases the risk of sudden in-hospital cardiac arrest [39,
40], the primary among which is acute respiratory failure
with rapid deterioration of the patient’s condition, which in
the absence of proper treatment, can quickly lead to IHCA.

To date, a limited number of papers have been
identified analyzing the THCA during the pandemic,
including comparing the scope of measures taken, clinical
characteristics of patients, survival rates, and parameters
related to the measures taken and the quality of resuscitation
to the period before the COVID-19 pandemic. The work on
THCA may help identify risk factors for IHCA in inpatients,
provide data to facilitate proper patient qualification, change
the management of patients’ eligibility for resuscitation, and
influence the course of resuscitation itself for IHCA.

Many authors have analyzed the causes of IHCA, the
clinical characteristics of patients with COVID-19 in terms
of their response to resuscitative measures, and the risk of
its occurrence. In the initial period of the pandemic, how
personnel responded, the necessity of donning and doffing
personal protective clothing, which could affect the delay
in the time of resuscitation efforts as well as the quality of
resuscitation efforts themselves, were extremely important.
Recommendations regarding video laryngoscopy and the use
of mechanical chest compressions were also proposed [41,
42]. However, it is uncertain whether the use of these devices
affects survival after in-hospital sudden cardiac arrest. Data
are lacking on where the cardiac arrest occurred. It is essential
to compare monitored and non-monitored wards [43]. The

extent of monitoring and the patient’s condition during
sudden in-hospital cardiac arrest can affect patient survival
rates, including, in particular, surveillance of gas exchange.

The response of healthcare systems, including ambulatory
care, emergency medical teams, capacity for hospitalizing
patients, and the extent of inpatient care provided, depends
mainly on the pandemic period and the number of critically
ill patients, as does the capacity of the healthcare system as a
whole to assist. In many hospitals, the capacity of emergency
departments and intensive care units was completely
exhausted, and critically ill patients were treated outside
emergency departments or intensive care units, often by
medical personnel who needed more optimal experience
and clinical skills [27]. In many hospitals, operating theatres,
post-anesthesia care units, internal medicine wards, and
often every available room, including corridors adjacent
to emergency departments and intensive care units, were
adopted to treat patients with severe COVID-19, including
severe respiratory failure requiring mechanical ventilation.
The challenge for medical staff and those in charge of hospital
operations was to ensure supplies, especially oxygen, the
ability to monitor patients, and the need for certain drugs
and invasive techniques [44].

Because there were insuifficient ICU beds, doctors had to
come up with guidelines for who could get treatment. Age and
other health problems were two of the most important things
that were looked at when deciding who could go to the ICU
[44]. Several scientific societies have issued recommendations
regarding patients’ eligibility for ICU treatment in the case
of the COVID-19 pandemic and limited space availability,
as well as indications for undertaking resuscitation at both
the pre-hospital and in-hospital stages [45-48].

The analyzed papers included various elements related to
the characteristics of the patients, the method of confirming
COVID-19 infection, the hospital ward where the cardiac
arrest occurred, and the method of resuscitation. The method
of confirming COVID-19 infection changed over time; in the
early stages of the pandemic, only positive polymerase chain
reaction (PCR) tests were considered reliable confirmation of
infection; in later periods, rapid tests became available, which
fundamentally changed the ability to confirm infection
in a patient and determine whether a patient in whom
resuscitation efforts were undertaken was actually infected
with SARS-CoV-2, or merely clinically suspected [48].

Several studies assessed the impact of the need for medical
personnel to use personal protective equipment on some
basic elements associated with undertaking resuscitation
activities, including the performance of medical procedures
such as airway management, endotracheal intubation, the
placement of intravenous access, and the quality of chest
compressions. In several cases, it was shown that the use of
PPE by medical personnel can worsen parameters related to
the timing of individual procedures and the quality of the
actions taken [49-53].

One of the primary factors associated with undertaking
resuscitation and its effectiveness is the presence of potentially
reversible causes, among them hypoxia [17, 54, 55]. In many
patients with COVID-19, extreme hypoxia led to sudden
cardiac arrest. In a situation where optimal therapy and
circulation were maintained, it was not possible to ensure
a sufficiently high arterial blood oxygen partial pressure
with optimal mechanical ventilation. The effectiveness of
resuscitation efforts was very limited.
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A crucial element is an analysis of how resuscitation was
undertaken, the indications for resuscitation, how it was
carried out, the range of activities performed on individual
patients and their duration, depending on the pandemic
period. In the early days, many health systems implemented
restrictions due to concerns about the safety of medical
personnel. During this period, indications for initiating
resuscitation efforts were limited, and recommendations for
the use of personal protective equipment, the donning and
rigorous use of which took time and may have been associated
with delays in resuscitation efforts, were strictly adhered to.
In subsequent stages, the availability of vaccination, changes
in the characteristics of patients, the risk of death resulting
from infection, and the availability of therapeutic methods
may have affected the very qualification of patients and the
manner and timing of resuscitation efforts in the hospital
setting.

A factor that should also have been taken into account
impeded the diagnosis and treatment of conditions, including
delay in the diagnosis and treatment of potentially life-
threatening conditions, including cancer, which resulted in
an increase in mortality from selected conditions in some
countries following a particular spike in COVID-19 cases,
and limitations in the operation of out-patient and hospital
care [56].

Limitations of the study. The main limitations of the
meta-analysis performed include analyzing data from
different cenrtres with different patient characteristics and
heterogeneous guidelines for undertaking and conducting
resuscitation activities in the hospital setting during the
COVID-19 pandemic. Of primary importance was that
activities were undertaken in different hospital areas with
different access to advanced resuscitation activities. The
different ways of confirming the status of patients suspected
of having COVID-19 infection were also limitations, as is
the inability to confirm in many cases that COVID-19 led
to sudden cardiac arrest and was the predominant cause. In
most cases, autopsies were not performed for epidemiological
reasons, making it impossible to analyze the causes of the
onset of cardiac arrest. The papers analyzed often did not
include patients who were not resuscitated, and lack data on
cases in which resuscitation was not undertaken, including
DNACPR recommendations. The data analyzed did not
include parameters related to resuscitation quality, including
chest compressions and the use of drugs. A limitation
also relates to the nature of the data collected, including
analyses of national registries and the resulting limitations
and, moreover, often the location where the cardiac arrest
occurred.

CONCLUSIONS

During the COVID-19 period, patients with SARS-CoV-2
infection had lower rates of ROSC and SDH, as well as poorer
neurologic outcomes and an increase in hospital re-arrests.
However, the 30-day survival rate was similar in both SARS-
CoV-2 positive and negative patients.

REFERENCES

—

. Tazerji SS, Shahabinejad F, Tokasi M, et al. Global data analysis and
risk factors associated with morbidity and mortality of COVID-19.
Gene Rep. 2022;26:101505. https://doi.org/10.1016/j.genrep.2022.101505

2. Choreza PS, Kruk W, Chudek J, Owczarek AJ. The COVID-19 pandemic
and epidemiology of the most common cancers in the Subcarpathian
and Silesian Provinces of Poland. Ann Agric Environ Med. 2023;
30(1):90-104. https://doi.org/10.26444/aaem/155304

. Bielski K, Szarpak A, Jaguszewski MJ, et al. The Influence of COVID-19
on Out-Hospital Cardiac Arrest Survival Outcomes: An Updated
Systematic Review and Meta-Analysis. ] Clin Med. 2021;10(23):5573.
https://doi.org/10.3390/jcm10235573

4. Pal S, Gangu K, GargI, Shuja H, et al. Gender and Race-Based Health
Disparities in COVID-19 Outcomes among Hospitalized Patients in the
United States: A Retrospective Analysis of a National Sample. Vaccines
(Basel). 2022;10(12):2036. https://doi.org/10.3390/vaccines10122036

. Matuszewski M, Ladny 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

6. Navolokina A, Smereka J, Bottiger BW, et al. The Impact of COVID-19

on Pediatric Cardiac Arrest Outcomes: A Systematic Review and Meta-
Analysis. Int ] Environ Res Public Health. 2023;20(2):1104. https://doi.
org/10.3390/ijerph20021104

7. Bell M, Hergens MP, Fors S, Tynelius P, de Leon AP, Lager A. Individual

and neighborhood risk factors of hospital admission and death during
the COVID-19 pandemic: a population-based cohort study. BMC Med.
2023;21(1):1. https://doi.org/10.1186/s12916-022-02715-4

8. Zhang JJ, Dong X, Liu GH, Gao YD. Risk and Protective Factors
for COVID-19 Morbidity, Severity, and Mortality. Clin Rev Allergy
Immunol. 2023;64(1):90-107. https://doi.org/10.1007/s12016-022-
08921-5

. Benjamin EJ, Virani SS, Callaway CW, et al. Heart Disease and
Stroke Statistics-2018 Update: A Report From the American Heart
Association. Circulation. 2018;137(12):¢67-e492. https://doi.org/10.1161/
CIR.0000000000000558

w

v

Nl

10. Matuszewski M, Reznikov Y, Pruc M, et al. Prognostic Performance of

Cystatin Cin COVID-19: A Systematic Review and Meta-Analysis. Int
J Environ Res Public Health. 2022;19(21):14607. https://doi.org/10.3390/
ijerph192114607

11. Olczak-Pruc M, Szarpak L, Navolokina A, et al. The effect of zinc

supplementation on the course of COVID-19 - A systematic review and
meta-analysis. Ann Agric Environ Med. 2022;29(4):568-574. https://
doi.org/10.26444/aaem/155846

12. Penketh J, Nolan JP. In-hospital cardiac arrest: the state of the art.

Crit Care. 2022;26(1):376. https://doi.org/10.1186/s13054-022-04247-y

13. Kilic M, Hokenek UD. Association between D-dimer and mortality

in COVID-19 patients: a single center study from a Turkish hospital.
Disaster Emerg Med J. 2022;7(4):225-230. https://doi.org/10.5603/
DEM]J.a2022.0039

14. Fialek B, Yanvarova O, Pruc M, et al. Systematic review and meta-

analysis of serum amyloid a prognostic value in patients with
COVID-19. Disaster Emerg Med J. 2022;7(2):107-113. https://doi.
org/10.5603/DEM]J.a2022.0021

15. Matuszewski M, Afolabi AA, Ilesanmi OS, et al. Associations

between Interleukin-4 and COVID-19 severity: A systematic review
and meta-analysis. ] Health Soc Sci. 2022;7(4):381-396. https://doi.
0rg/10.19204/2022/SSCT4

16. Szarpak L, Borkowska M, Peacock FW, et al. Characteristics and

outcomes of in-hospital cardiac arrest in COVID-19. A systematic
review and meta-analysis. Cardiol J. 2021;28(4):503-508. https://doi.
org/10.5603/CJ.a2021.0043

17. Andersen LW, Holmberg M]J, Berg KM, Donnino MW, Granfeldt A.

In-Hospital Cardiac Arrest: A Review. JAMA. 2019;321(12):1200-1210.
https://doi.org/10.1001/jama.2019.1696

18. DiLibero J, Misto K. Outcomes of In-hospital Cardiac Arrest: A Review

of the Evidence. Crit Care Nurs Clin North Am. 2021;33(3):343-356.
https://doi.org/10.1016/j.cnc.2021.05.009

19. Park JH, Song KJ, Do Shin S, Hong KJ. The impact of COVID-19

pandemic on out-of-hospital cardiac arrest system-of-care: Which
survival chain factor contributed the most? Am ] Emerg Med.
2023;63:61-68. https://doi.org/10.1016/j.ajem.2022.10.023

20. Chauvin A, Slagman A, Polyzogopoulou E, et al. Clinical Characteristics

and Management of Patients with a Suspected COVID-19 Infection in
Emergency Departments: A European Retrospective Multicenter Study.
J Pers Med. 2022;12(12):2085. https://doi.org/10.3390/jpm12122085.



504

Annals of Agricultural and Environmental Medicine 2023, Vol 30, No 3

Karol Bielski, Michal Pruc, Zubaid Rafique, Frank William Peacock, Jaroslaw Chmielewski, Lech Panasiuk et al. Uncovering the effects of COVID-19 on in-hospital cardiac ...

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Kim JH, Ahn C, Namgung M. Epidemiology and Outcome of Out-
of-Hospital Cardiac Arrests during the COVID-19 Pandemic in
South Korea: A Systematic Review and Meta-Analyses. Yonsei Med J.
2022;63(12):1121-1129. https://doi.org/10.3349/ymj.2022.0339

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: An updated guideline for reporting systematic reviews.
BM]J. 2021;372:n71. https://doi.org/10.1136/bmj.n71

Stang A. Critical evaluation of the Newcastle-Ottawa scale for the
assessment of the quality of nonrandomized studies in meta-analyses.
Eur J Epidemiol. 2010;25:603-605.

Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from
the median, range, and the size of a sample. BMC Med Res Methodol.
2005;5:13. https://doi.org/10.1186/1471-2288-5-13

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BM]J. 2003;327:557-560. https://doi.
org/10.1136/bm;j.327.7414.557

Ahmed F, Abbasi L, Ghouri N, Patel MJ. Epidemiology of in-hospital
cardiac arrest in a Pakistani tertiary care hospital pre- and during
COVID-19 pandemic. Pak ] Med Sci. 2022;38(2):387-392. https://doi.
0rg/10.12669/pjms.38.ICON-2022.5776

Edwards JM, Nolan JP, Soar ], et al. Impact of the COVID-19 pandemic
on in-hospital cardiac arrests in the UK. Resuscitation. 2022;173:4-11.
https://doi.org/10.1016/j.resuscitation.2022.02.007

Girotra S, Chan ML, Starks MA, Churpek M, Chan PS, American Heart
Association Get With the Guidelines-Resuscitation Investigators.
Association of COVID-19 Infection With Survival After In-Hospital
Cardiac Arrest Among US Adults. JAMA Netw Open. 2022;5(3):¢220752.
https://doi.org/10.1001/jamanetworkopen.2022.0752

GuptaK, Girotra S, Nallamothu BK, et al. Impact of the three COVID-19
surges in 2020 on in-hospital cardiac arrest survival in the United
States. Resuscitation. 2022;170:134-140. https://doi.org/10.1016/j.
resuscitation.2021.11.025

Holm A, Jerkeman M, Sultanian P, et al. Cohort study of the
characteristics and outcomes in patients with COVID-19 and in-
hospital cardiac arrest. BMJ Open. 2021;11(11):e054943. https://doi.
org/10.1136/bmjopen-2021-054943

Lyu T, Khan FA, Sajeed SM, et al. In-hospital cardiac arrest incidence
and outcomes in the era of COVID-19: an observational study in
a Singapore hospital. Int ] Emerg Med. 2021;14(1):33. https://doi.
org/10.1186/s12245-021-00356-7

Miles JA, Mejia M, Rios S, et al. Characteristics and Outcomes of
In-Hospital Cardiac Arrest Events During the COVID-19 Pandemic:
A Single-Center Experience From a New York City Public Hospital.
Circ Cardiovasc Qual Outcomes. 2020;13(11):e007303. https://doi.
org/10.1161/CIRCOUTCOMES.120.007303

Roedl K, Softker G, Fischer D, et al. Effects of COVID-19 on in-hospital
cardiacarrest: incidence, causes, and outcome — a retrospective cohort
study. Scand ] Trauma Resusc Emerg Med. 2021;29(1):30. https://doi.
org/10.1186/s13049-021-00846-w

Sultanian P, Lundgren P, Stromsée A, et al. Cardiac arrestin COVID-19:
characteristics and outcomes of in- and out-of-hospital cardiac arrest. A
report from the Swedish Registry for Cardiopulmonary Resuscitation.
Eur Heart]. 2021;42(11):1094-1106. https://doi.org/10.1093/eurheart;j/
ehaal067

Tong SK, Ling L, Zhang JZ, Yap FHY, Law KL, Joynt GM. Effect of the
COVID-19 pandemic on cardiac arrest resuscitation practices and
outcomes in non-COVID-19 patients. ] Intensive Care. 2021;9(1):55.
https://doi.org/10.1186/s40560-021-00570-8

Yuriditsky E, Mitchell OJL, Brosnahan SB, et al. Clinical characteristics
and outcomes of in-hospital cardiac arrest among patients with
and without COVID-19. Resusc Plus. 2020;4:100054. https://doi.
0rg/10.1016/j.resplu.2020.100054

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/DEM].a2023.0017

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. https://doi.org/10.5603/
DEM]J.a2021.0028

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

. Dubey L, Dorosh O, Dubey N, et al. COVID-19-induced coagulopathy:
Experience, achievements, prospects. Cardiol J. 2023 Jan 2. https://doi.
0rg/10.5603/CJ.a2022.0123

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

Foley L], Urdaneta F, Berkow L, et al. Difficult Airway Management
in Adult Coronavirus Disease 2019 Patients: Statement by the Society
of Airway Management. Anesth Analg. 2021;133(4):876-890. https://
doi.org/10.1213/ANE.0000000000005554

Guimaraes HP, Timerman S, Rodrigues RDR, et al. Position Statement:
Cardiopulmonary Resuscitation of Patients with Confirmed or
Suspected COVID-19 - 2020. Arq Bras Cardiol. 2020;114(6):1078-1087.
https://doi.org/10.36660/abc.20200548

Phua], WengL, Ling L, et al. Intensive care management of coronavirus
disease 2019 (COVID-19): challenges and recommendations. Lancet
Respir Med. 2020;8(5):506-517. https://doi.org/10.1016/52213-
2600(20)30161-2

Chirico F, Nucera G, Sacco A, Taino G, Szarpak L, Imbriani M.
Protecting hospitals from SARS-CoV-2 infection: A review-based
comprehensive strategy for COVID-19 prevention and control. G Ital
Med Lav Ergon. 2022;44(1):32-40.

Ceruti S, Glotta A, Biggiogero M, et al. Admission criteria in critically
ill COVID-19 patients: A physiology-based approach. PLoS One.
2021;16(11):e0260318. https://doi.org/10.1371/journal.pone.0260318
Hajjar LA, Costa IBSDS, Rizk SI, et al. Intensive care management of
patients with COVID-19: a practical approach. Ann Intensive Care.
2021;11(1):36. https://doi.org/10.1186/s13613-021-00820-w

Bartoletti M, Azap O, Barac A, et al. ESCMID COVID-19 living
guidelines: drug treatment and clinical management. Clin Microbiol
Infect. 2022;28(2):222-238. https://doi.org/10.1016/j.cmi.2021.11.007
Chirico F, Yildirim M, Dzieciatkowski T, et al. Efficiency rating of
SG Diagnostics COVID-19 antigen rapid test kit. Future Virol. 2023
Mar:10.2217/fv1-2021-0210. https://doi.org/10.2217/fv1-2021-0210
Gadek L, Szarpak L, Konge L, et al. Direct vs. Video-Laryngoscopy
for Intubation by Paramedics of Simulated COVID-19 Patients under
Cardiopulmonary Resuscitation: A Randomized Crossover Trial. ] Clin
Med. 2021;10(24):5740. https://doi.org/10.3390/jcm10245740

Szarpak L, Peacock FW, Rafique Z, et al. Comparison of Vie Scope®
and Macintosh laryngoscopes for intubation during resuscitation by
paramedics wearing personal protective equipment. Am ] Emerg Med.
2022;53:122-126. https://doi.org/10.1016/j.ajem.2021.12.069

Drozd A, Smereka J, Pruc M, Malysz M, Gasecka A, Sonmez LO,
Cyran M, Konge L, Szarpak L. Comparison of intravascular access
methods applied by nurses wearing personal protective equipment in
simulated COVID-19 resuscitation: A randomized crossover simulation
trial. Am ] Emerg Med. 2021;49:189-194. https://doi.org/10.1016/j.
2jem.2021.05.080

Ruetzler K, Drozd A, Gasecka A, et al. Pediatric intravascular
access in simulated COVID-19 patients among paramedics wearing
personal protective equipment. Resusc Plus. 2021;5:100073. https://
doi.org/10.1016/j.resplu.2020.100073

Al-Jeabory M, Borkowska GO, Olecka A, Goss A, Wieczorek W, Evrin
T. Mechanical chest compression devices as an option for out-of-
hospital cardiac arrest in COVID-19 pandemic. Disaster Emerg Med
J. 2021;6(1):50-51 https://doi.org/10.5603/DEM]J.a2021.0003

Smida T, Menegazzi JJ, Crowe RP, Bardes J, Scheidler JF, Salcido
DD. Association of prehospital post-resuscitation peripheral
oxygen saturation with survival following out-of-hospital cardiac
arrest. Resuscitation. 2022;181:28-36. https://doi.org/10.1016/j.
resuscitation.2022.10.011

Arrogante O, Gonzélez-Romero GM, Carrién-Garcia L, Polo A.
Reversible causes of cardiac arrest: Nursing competency acquisition and
clinical simulation satisfaction in undergraduate nursing students. Int
Emerg Nurs. 2021;54:100938. https://doi.org/10.1016/j.ienj.2020.100938
Choi H, Lee JH, Park HK, et al. Impact of the COVID-19 Pandemic
on Patient Delay and Clinical Outcomes for Patients With Acute
Myocardial Infarction. ] Korean Med Sci. 2022;37(21):e167. https://
doi.org/10.3346/jkms.2022.37.e167



