
This is an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).
Signa Vitae 2024 vol.20(11), 68-74 ©2024 The Author(s). Published by MRE Press. www.signavitae.com

Submitted: 29 January, 2024 Accepted: 17 April, 2024 Published: 08 November, 2024 DOI:10.22514/sv.2024.146

OR I G INA L R E S E A R CH

Out-of-hospital cardiac arrest before and during the
COVID-19 pandemic: a retrospective observational study
Radojka Jokšić-Mazinjanin1,2, Nikolina Marić2, Aleksandar Đuričin1,2,*, Goran Rakić1,3,
Ilija Srdanović1,4, Milana Maljah5, Milena Jokšić Zelić6, Zdravka Burinović7,
Branislav Martinović8, Velibor Vasović1,9

1Medical faculty, University in Novi Sad,
21000 Novi Sad, Serbia
2Institute for Emergency Medical
Services Novi Sad, 21000 Novi Sad,
Serbia
3Clinic for Children’s Surgery, Institute
for Health Care of Children and Youth of
Vojvodina, 21000 Novi Sad, Serbia
4Clinic for Cardiology, Institute for
Cardiovascular Diseases of Vojvodina,
21000 Novi Sad, Serbia
5Health Center Novi Bečej, 23272 Novi
Bečej, Serbia
6Health Center Bečej, 21220 Bečej,
Serbia
7Health Center Temerin, 21235 Temerin,
Serbia
8Health Center “Ruma”, 22400 Ruma,
Serbia
9Academy of Medical Sciences of
Serbian Medical Society, 11000 Beograd,
Serbia

*Correspondence
aleksandar.djuricin@mf.uns.ac.rs
(Aleksandar Đuričin)

Abstract
The Coronavirus Disease 2019 (COVID-19) pandemic significantly impacted the
management of out-of-hospital cardiac arrest (OHCA), necessitating considerable
reorganization within global healthcare systems. This study aims to assess the influence
of the COVID-19 pandemic on the treatment outcomes and the rate of sustained
prehospital return of spontaneous circulation (ROSC) until hospital admission in patients
experiencing OHCA. We conducted a retrospective observational study to evaluate
the survival outcomes of OHCA patients who received cardiopulmonary resuscitation
(CPR) from emergency medical services (EMS) teams before and during the COVID-19
pandemic from 11March 2018 to 10March 2022. The patients were categorized into two
cohorts: those who suffered OHCA prior to the pandemic (Pre-pandemic group) from
11 March 2018, to 10 March 2020, and those during the pandemic (Pandemic group),
from 11 March 2020, to 10 March 2022. The study included 958 patients divided into
the Pre-pandemic group (n = 434 patients) and Pandemic group (n = 524 patients) (p
< 0.05). Analysis showed no significant differences between the groups in terms of
age, gender, EMS response time, initial cardiac rhythm and adrenaline administration.
Endotracheal intubation was more frequently performed in the Pre-pandemic group (χ2

= 8.737; df = 3; p = 0.033), as were the administrations of amiodarone (χ2 = 6.508; df
= 1; p = 0.011) and saline solution (χ2 = 5.510; df = 1; p = 0.019). Rates of prehospital
ROSC until hospital admission were significantly higher in the Pre-pandemic group
(18.4%) compared to the Pandemic group (12.6%) (χ2 = 5.685; df = 1; p = 0.017).
During the COVID-19 pandemic, there was an increase in OHCA incidents in our study
region compared to before the pandemic period. Concurrently, we observed a significant
reduction in the proportion of patients achieving andmaintaining ROSC prehospital until
hospital admission during the pandemic.
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1. Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic precip-
itated widespread disruption across global healthcare systems,
significantly affecting the incidence and outcomes of out-of-
hospital cardiac arrest (OHCA). This impact varied by region,
reflecting differences in pandemic severity and healthcare re-
sponse capabilities [1]. In areas with high COVID-19 case
loads, such as the Lombardy region of Italy, studies reported
decreased survival rates following OHCA, characterized by
reduced instances of return of spontaneous circulation (ROSC)
and increased mortality rates [2]. Conversely, even in regions
with comparatively lower incidence rates of COVID-19, such
as Paris and its surrounding areas, a decline in OHCA survival

was still evident [3].

In the first weeks of the pandemic, two studies reported
an increase in the incidence of OHCA and a decrease in
survival rates [2, 3]. Although it was anticipated that sub-
sequent research during the pandemic would reveal different
outcomes, subsequent findings indicated that, compared to
the pre-pandemic era, the incidence of OHCA continued to
increase, while ROSC and survival rates (up to the hospital
discharge) varied from region to region [4, 5].

COVID-19 infection can precipitate rapid respiratory failure
and cardiac complications, potentially leading to fatal out-
comes if not promptly and effectively managed in intensive
care units (ICU) [6]. Following the pandemic outbreak, many
patients with chronic conditions delayed or avoided the regular
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medical check-ups due to fears of contracting the virus in
healthcare settings. Despite having high-risk health condi-
tions, a significant number were hesitant to engage emergency
medical services (EMS) or to be transported to the emergency
room (ER), resulting in healthcare systems needing to adapt
by reorganizing and prioritizing care for both urgent non-
COVID-19 conditions and patients with COVID-19 [7]. In
response, new protocols for managing OHCA were developed
for both medical professionals and laypersons, placing a strong
emphasis on the personal safety of the rescuer to prevent
COVID-19 transmission. These included the mandatory use
of personal protective equipment and, where unavailable, the
recommendation to use bag-valve-mask ventilation (BVM)
[8]. Misinformation, particularly prevalent social media, and
shortages of personal protective equipment compounded these
challenges. Fear of transmitting COVID-19 discouraged by-
stander initiation of cardiopulmonary resuscitation (CPR) prior
to EMS arrival, and emergency operators became more reluc-
tant to instruct bystanders to attempt CPR. These factors likely
contributed to the observed impact on OHCA survival rates
during the pandemic [9, 10].
Herein, we performed this study to assess the impact of

the COVID-19 pandemic on the incidence, management and
sustained prehospital ROSC until transfer to the admission
room of patients with OHCA in our region and identify factors
that might have influenced the observed outcomes.

2. Materials and methods

This retrospective observational study assessed the effects of
the COVID-19 pandemic on the survival of OHCA patients,
who received CPR from EMS teams. The study was conducted
during a four-year period, between 11 March 2018 and 10
March 2022 and data from the pre-pandemic period (11 March
2018–10 March 2020) and the pandemic period (11 March
2020–10 March 2022) were compared. Prehospital data were
collected at the Institute of Emergency Medicine Novi Sad
(IEMS NS) and the Health Centers in the municipalities of
Temerin, Bečej and Novi Bečej.

2.1 Source of data
The medical institutions involved in this study serve an area
with a population of 455,000 inhabitants. There is a structural
difference between the IEMS NS and the Health Centers at
the municipal level. In Novi Sad, the EMS Call Center pro-
cesses incoming calls, triaging them based on urgency. The
city is served by nine prehospital EMS teams, each compris-
ing a medical doctor (or emergency medicine specialist), a
paramedic and a driver trained in basic life support (BLS).
Comparatively, the municipal Health Centers, have one or two
prehospital EMS teams, with similar compositions but lack
dedicated Call Center personnel. Thus, doctors or paramedics
in these teams directly respond to emergency calls on the
194 line. Each team is equipped with advanced life sup-
port (ALS), including a biphasic defibrillator, an intubation
kit with supraglottic/subglottic airway devices, and necessary
medications. CPR was conducted in accordance with the
2015 European Resuscitation Council (ERC) ALS protocol

across all teams. Upon the release of the ERC COVID-
19 Guidelines, adjustments were made to adhere to these
recommendations based on available equipment. Notably,
automated external compression devices were not employed,
and manual compressions remained the standard throughout
the study. During the pandemic, the EMS teams adopted
droplet-precaution personal protective equipment (PPE) as a
minimum standard, escalating to airborne-precaution PPE for
responses to confirmed COVID-19-positive patients based on
ERC guidance. Typically, teams already equipped with the
necessary protective gear were dispatched. The EMS Call
Center maintains a record of all calls, which are registered
and recorded. Data, including personal data, vital parameters,
initial rhythm, airway management, delivered shocks, medica-
tions and sustained ROSC during intervention and transport to
the hospital, were extracted from prehospital medical records
and were securely stored in both paper and electronic formats
as classified documents.

2.2 Study design
In this study, we included all patients who experienced OHCA
on the territories covered by the aforementioned medical in-
stitutions. Patients who underwent CPR by EMS teams were
categorized into two cohorts: Pre-pandemic group, consisting
of cases occurring before the COVID-19 pandemic from 11
March 2018, to 10 March 2020, and the Pandemic group, in-
cluding cases during the pandemic from 11 March 2020, to 10
March 2022. The inclusion criterion was experiencing OHCA
and receiving CPR from EMS teams. Exclusion criteria were
patients who did not receive ALS and those who experienced
sudden cardiac arrest (SCA) within hospital admission rooms.

2.3 Data analysis
In this retrospective cohort study, we evaluated 958 patients
who experienced OHCA and were treated by EMS teams.
They were divided into two groups: Pre-pandemic (n = 434,
45.30%) and Pandemic group (n = 524, 54.70%). Key vari-
ables for comparison included demographic data (age and
gender), time to EMS arrival (measured from the call to EMS
arrival at the scene) and clinical interventions (airway manage-
ment, medication administration including adrenaline, amio-
darone and saline solutions and the delivery Direct Current
(DC) shocks). For cases where the EMS team witnessed the
OHCA, the time to EMS arrival was excluded from the average
arrival time calculation. The study also examined the initia-
tion of CPR, distinguishing between immediate initiation by
bystanders or the EMS team. Initial heart rhythms were iden-
tified through defibrillator monitor readings and categorized
into asystole, pulseless electrical activity (PEA), ventricular
fibrillation (VF) or pulseless ventricular tachycardia (pVT). An
important outcome measure was the achievement of ROSC,
which serves as a primary indicator of CPR effectiveness in
both pre-pandemic and pandemic settings.

2.4 Statistical analysis
Statistical analyses were conducted using IBM SPSS Statistics
(version 23; IBMCorp., Armonk, NY, USA). Continuous vari-
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ables are presented as mean± standard deviation (SD), or me-
dian with interquartile range (Q1–Q3) and range (minimum–
maximum) based on the distribution of the data. Categorical
variables are expressed as frequencies and percentages (n, %).
The comparison between groups for continuous variables was
performed using the Student’s t-test or Mann-Whitney U test,
contingent on the distribution’s normality. Categorical vari-
ables were compared using the chi-square (χ2) test. Variables
with associated p values < 0.05 were considered statistically
significant.
Results are presented in tabular format.

3. Results

Among the 958 patients analyzed, a significant difference was
observed in the distribution between the Pre-pandemic group
and the Pandemic group (χ2 = 8.455; df = 1; p = 0.004),
with fewer patients in the Pre-pandemic group. The overall
sample comprisedmoremales (660; 68.9%) than females (298;
31.1%). Although a significant difference in gender distribu-
tion was noted across the entire sample 88 (χ2 = 136.785; df
= 1; p < 0.001), there was no significant difference in gender
distribution between the two groups (χ2 = 123.785; df = 1;
p = 0.726). The mean ages of the groups were comparable
(t = 0.667; p = 0.505). No statistical difference was found
in the initial heart rhythm observed between the groups (χ2

= 1.047; df = 2; p = 0.592), with over 54% of cases in both
groups presenting with asystole and the smallest number show-
ing VF/pVT. OHCA was witnessed by EMS in 17.3% Pre-
pandemic cases and 16.8% during the pandemic. The median
time to EMS arrival was similar across groups, ranging from
one to seven minutes in the Pre-pandemic group, including
four patients with an arrival time of 25 minutes, and one to six
minutes during the pandemic, with no significant difference (Z
= −1.231; p = 0.218). Immediate CPR initiation was observed
in 21.4% of Pre-pandemic and 18.5% of Pandemic cases, a
difference that was not statistically significant (χ2 = 136.785;
df = 1; p = 0.296) (Table 1).
Regarding the ALS interventions during CPR, we observed

a significantly higher frequency of endotracheal intubation in
Pre-pandemic group compared to Pandemic group (χ2 = 8.737;
df = 3; p = 0.033). The pandemic period had an increase in the
use of BVM ventilation, while the use of I-GEL airway man-
agement devices remained consistent between both groups.
Before the pandemic, saline solutions were administered more
frequently (χ2 = 5.510; df = 1; p = 0.019). Adrenaline was
used in approximately 95% of cases in both groups, but the
difference was not significant (χ2 = 0.008; df = 1; p = 0.929).
In each group, around half of the patients received one to four
ampoules of adrenaline (1 mg/1 mL). The use of amiodarone
was significantly higher before the pandemic (χ2 = 6.508;
df = 1; p = 0.011), although the quantity of amiodarone
administered (150mg/3mL) did not vary significantly between
the groups (Table 2).
Prehospital ROSC and survival to hospital admission room

were found to be significantly more frequent in the OHCA
group before the pandemic (18.4%) than during the pandemic
(12.6%) (χ2 = 5.685; df = 1; p = 0.017) (Table 3).

4. Discussion

During the COVID-19 pandemic, the incidence of OHCA
increased by 20.7% in the studied area. Similar increases
in OHCA incidence were reported in other studies, although
the extent of the increase varied. Lim et al. [11] observed
a 9.38% increase in OHCA incidence, while Nickles et al.
[12] reported a more substantial increase of 59.55% [11, 12].
Conversely, Paoli et al. [13] documented a 3% decrease in
OHCA incidence, but this finding was noted with caution due
to the study’s small sample size and shorter follow-up period.
In this study, no significant differences in age and gen-

der distribution were observed between groups. However,
throughout the pandemic, we observed a tendency of the in-
fected patients being slightly younger and comprising more
females, aligning with the findings of other studies [3, 14]. The
average age of patients, both before and during the pandemic
was 70 years, which matches the demographic of our study.
Although OHCA was more frequently reported among males,
an increase in cases among females was also noted during the
pandemic period [3, 14, 15].
The pandemic urged a global restructuring of healthcare

systems to accommodate the new health crisis, which included
the suspension of elective medical procedures and a noticeable
decline in ER visits, partly due to fear of infection and partly
because of restricted access to healthcare services. Prehos-
pital EMS and ER primarily focused on patients with life-
threatening conditions, with COVID-19 patients often being
given priority [16–18]. These adjustments, alongside limited
access to routine care, likely contributed to the deterioration
of chronic patients conditions. The increase in OHCA was
significantly influenced by both delayed and reduced access to
healthcare services during the COVID-19 pandemic, as well as
by the infection itself [2, 18, 19].
The restructured health system, aiming to accommodate

the increased demand during the pandemic, inadvertently ex-
tended the response times of EMS, particularly for OHCA
cases. Bielsky et al. [20] conducted a meta-analysis of
eighteen studies reporting data from OHCA events and com-
paring the periods before the pandemic and after its outbreak
and reported that the time for EMS arrival decreased in only
three studies. In contrast to the general trend of increased
EMS arrival times during the COVID-19 pandemic, a study
by Nishiyama et al. [21] reported a reduction in arrival time
by one minute. Similarly, two other studies noted a modest
decrease in arrival time by 0.2 minutes [20–23]. However,
most studies reported that, on average, EMS response times to
OHCA cases extended by 0.2 to 3minutes during the pandemic
period [2, 20, 24]. Specifically, before the pandemic, the
average EMS arrival time was recorded at 9.1 ± 2.1 minutes,
whereas it increased to 9.8± 2.6 minutes during the pandemic
[20]. Interestingly, our study observed a decrease in EMS
arrival time by one minute during the pandemic.
The results of our study also differ in the initial rhythm

assessment. In most studies on OHCA, there was a decrease
in the frequency of shockable rhythms. Notably, a compre-
hensive analysis by Bielski et al. [20] of 31 studies exam-
ining OHCA incidents both before and throughout the pan-
demic revealed a decrease in the occurrence of shockable
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TABLE 1. Baseline characteristics of patients with OHCA.

Characteristics Pre-pandemic group
(n = 434)

Pandemic group
(n = 524) p-value

Gender‡ 0.726
Male, n (%) 302 (69.6%) 358 (68.3%) 0.029
Female, n (%) 132 (30.4%) 166 (31.7%) 0.049

Age (yr)#, (Mean ± SD) 67.0 ± 13.4 66.4 ± 18.8 0.505
Initial rhythm‡ 0.592

Asystole 238 (54.8%) 284 (54.2%) 0.044
PEA 122 (28.1%) 138 (26.3%) 0.321
VF/pulseless VT 74 (17.1%) 102 (19.5%) 0.035

Time to EMS arrival (minute)†, median (Q1–Q3) 7 (5–9) 6 (5–9) 0.218
Min–Max 1–25 1–21
Immediate CPR attempt‡, n (%) 93 (21.4%) 97 (18.5%) 0.296
CPR attempted by bystanders 18 (4.2%) 9 (1.7%) 0.215
‡χ2 test; #Student’s t-test; †Mann-Whitney’s U test; Q1: 25%; Q3: 75%; Min: minimal value; Max: maximal value; SD: standard
deviation; Numbers in boldface are statistically significant values; PEA: pulseless electrical activity; VF: ventricular fibrillation;
VT: ventricular tachycardia; EMS: emergency medical services; CPR: cardiopulmonary resuscitation.

TABLE 2. ALS data of the EMS teams.

Characteristics Pre-pandemic group
(n = 434)

Pandemic group
(n = 524) p-value

Airway management during CPR, n (%)‡ 0.033
BVM 95 (22.9%) 154 (29.4%) <0.001
ETI 322 (74.2%) 355 (67.4%) 0.205
I-GEL 7 (1.6%) 9 (1.7%) 0.617
NNV 10 (2.3%) 5 (1.0%) 0.197
Not ventilated 0 (0.0%) 1 (0.2%)

DC shocks‡, n (%) 111 (25.6%) 127 (24.2%) 0.715
Number of shocks†, median (Q1–Q3) 2 (1.75–4.00) 3 (1.00–3.00) 0.921
Min–Max 1–15 1–17

Saline solution‡, n (%) 118 (27.2%) 107 (20.4%) 0.019
Adrenaline‡, n (%) 411 (94.7%) 497 (95.0%) 0.929

Ampullae of adrenaline† (1 mg/1 mL), median (Q1–Q3) 4 (3–6) 4 (3–6) 0.693
Min–Max 1–10 1–16

Amiodarone‡, n (%) 67 (15.4%) 51 (9.7%) 0.011
Ampullae of amiodarone† (150 mg/3 mL), median (Q1–Q3) 2 (1–2) 2 (1–2) 0.985
Min–Max 1–2 1–3

‡χ2 test; †Mann-Whitney U test; Numbers in boldface are statistically significant values; Q1: 25%; Q3: 75%; Min: lowest
value; Max: maximal value; CPR: cardiopulmonary resuscitation; BVM: bag-valve-mask ventilation; DC: Direct Current; ETI:
endotracheal intubation; NNP: no need for ventialtion.

TABLE 3. Sustained prehospital ROSC and survival of patients with OHCA during the transfer to the hospital
admission room.

Characteristics Pre-pandemic group
(n = 434)

Pandemic group
(n = 524) p-value

ROSC1, n (%)‡ 80 (18.4%) 66 (12.6%) 0.017
‡χ2 test; Numbers in boldface are statistically significant values; 1return of spontaneous circulation. ROSC: return of spontaneous
circulation.
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rhythms. The meta-analysis, which included data from 21
studies, reported a 4.3% reduction in shockable rhythms during
the pandemic, with only 12.4% of OHCA cases presenting
with a shockable rhythm at the time of EMS intervention
[20]. Our study reveals an interesting finding of increased
shockable rhythms during the COVID-19 pandemic, showing
a 7.1% rise compared to other investigations. This observation
is particularly intriguing given the notably low incidence of
bystander-initiated CPR in our region, which remains below
2.5%. Before the pandemic, bystander CPR was reported in
4.2% of OHCA cases, which decreased to 1.7% during the
pandemic. This decrease contrasts with earlier data from a
2010 study in a similar setting, where bystander CPR initiation
was at 11.6%, indicating a longstanding trend of low bystander
intervention rates predating the pandemic [25]. In addition,
this rate is significantly lower compared to international data,
where bystander CPR rates varied from 25% to 73.5% before
the pandemic and from 18.2% to 78.7% during the pandemic
[2, 13, 26]. The potential explanations behind the increase in
shockable rhythms during the pandemic in our study remain
unclear, especially considering the minimal involvement of
bystanders in CPR efforts, thereby urging the need for further
investigations.
Regarding airway management strategies for OHCA pa-

tients during the pandemic, there was a decrease in the fre-
quency of endotracheal intubation, paralleled by an increased
reliance on BVM ventilation to support respiratory functions.
Concurrently, the administration of DC shocks, saline solu-
tions and amiodarone was reported to decrease. This pattern
aligns with findings from multiple studies, which collectively
highlight a significant reduction in the deployment of various
prehospital interventions for OHCA management during the
pandemic period. A review of related literature reveals a
decrease in the rate of endotracheal intubation, with six studies
documenting decreases ranging from 3.8% to 27.7% [15, 24,
26–29]. This period also had an increase in the utilization
of supraglottic airway devices, with their application ranging
between 5.2% and 27.2% [15, 24, 28, 29].
The administration of amiodarone during the pandemic dis-

played variability across different studies. Lai et al. [15]
observed a downturn in its use, whereas an increase was
noted in three other studies. Despite these variances, the
overall comparative analysis of amiodarone usage before and
throughout the pandemic period did not yield a statistically
significant difference [2, 15, 26, 30, 31].
During the pandemic, there was a significant decrease in

the frequency of successful prehospital ROSC across multiple
studies. For instance, Baldi et al. [22] observed a minimal
decrease of 0.8%, while Nickles et al. [12] reported a substan-
tial decline of 22.24%. Further analysis by Bielski et al. [20],
covering twelve studies, highlighted a decrease in prehospital
ROSC rates from 28.4% before the pandemic to 19.3% during
it. Our research indicates that even before the pandemic
the rates of sustained ROSC before hospital admission were
quite low, aligning with findings from Italy and Switzerland
[2, 22]. Notably, these rates were less than those we reported
in a similar study from 2010, which found a 19.1% rate of
prehospital sustained ROSC [32]. The pandemic period led to
a significant decrease of 5.8% in prehospital sustained ROSC

to hospital admission among OHCA patients, highlighting a
critical healthcare issue, as our observed rates of sustained
prehospital ROSC are considerably lower than those reported
in international or European contexts.
The study has several limitations. First, it lacked data on

long-term outcomes such as hospital discharge rates and neu-
rological status at discharge, which are important for assessing
the overall effectiveness of CPR by EMS teams. Addition-
ally, the study did not account for the number of COVID-19-
positive patients in the analyzed area or whether patients had
pre-existing respiratory conditions before the OHCA event,
thereby limiting the comprehensiveness of our findings regard-
ing the pandemic’s impact on OHCA outcomes.

5. Conclusions

The COVID-19 pandemic led to a statistically significant in-
crease in the incidence of OHCA in the studied area. In the
pandemic group, the time of arrival of the EMS teams was
shorter, and the percentage of patients with an initial shockable
rhythm was higher. The number of patients with endotracheal
intubation by EMS teams was statistically significantly lower
in the pandemic group, and the percentage of BVM ventilation
use increased. The prehospital ROSC that was maintained
until hospital admission was statistically significantly lower in
the pandemic group than in the group before the COVID-19
pandemic.
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