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ARTICLE INFO ABSTRACT
Keywords: Out-of-hospital cardiac arrest (OHCA) is a time-sensitive medical emergency that needs imme-
Emergency medical services diate interventions. COVID-19 affected the performance of the emergency medical service (EMS)
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COVID-19

Response time

system in pre-hospital care, including the management of cardiac arrest. This study aimed to
identify the impact of the COVID-19 pandemic on pre-hospital management of out-of-hospital
cardiac arrest and its outcome in Qom City, Iran. In this descriptive-analytical study, the data
were collected from the electronic registration system of the EMS center in Qom, Iran. All OHCA
patients who received resuscitation during COVID-19 and before COVID-19 were enrolled in the
study. Data consisted of the characteristics of OHCA patients, EMS interventions and response
times, and the outcome of OHCA. A P-value of <0.05 was deemed statistically significant. 630
OHCA patients in the COVID-19 period and 524 OHCA patients in the pre-COVID-19 period were
included in the study. Endotracheal intubation and defibrillation were done more in the COVID-
19 period than in the pre-COVID-19 period (50.2 % vs. 17 %, p<0.001 %, and 40.1 % vs. 22.5 %,
p < 0.001, respectively). The EMS response time was longer during the COVID-19 pandemic (9.1
+ 3.9 min vs. 7.6 + 1.4 min, p < 0.001). The rate of pre-hospital return of spontaneous circu-
lation (ROSC) was lower in the COVID-19 period (15.6 % vs. 8.4 %, p < 0.001). According to
univariate analysis, ROSC was predicted by COVID-19 (p < 0.001). However, COVID-19 was not
the statistically significant independent predictor after multivariate analysis (p < 0.67). The
COVID-19 pandemic period influenced OHCA and ROSC. Also, it affected pre-hospital manage-
ment in the OHCA situation. The negative impact of COVID-19 on the EMS response reflected the
need to know and remove barriers to managing crises such as COVID-19.

1. Introduction

Several unexplained pneumonia cases were initially reported in December 2019 in Wuhan, China. On February 11, 2020, the World
Health Organization (WHO) officially named the disease caused by 2019-nCoV as coronavirus disease 2019 (COVID-19) and on
January 30, 2020, announced the COVID-19 pandemic as a public health emergency of international concern [1]. In Iran, the first case
of COVID-19 was reported on February 19, 2020, in Qom City [2].

The COVID-19 pandemic greatly impacted the global dimensions of public health [3]. According to current reports, there is a
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possible link between the COVID-19 pandemic and the incidence of out-of-hospital cardiac arrest (OHCA) [4]. OHCA is a global health
problem and a time-critical, life-threatening emergency that occurs millions of times annually [5]. Data from countries around the
world show a global average of 82.1 cases of EMS-treated OHCA per 100,000 people per year [6]. OHCA not only leads to a large
disease burden but also results in social and economic costs in many communities [7]. The overall outcomes of OHCA vary consid-
erably across regions, but are generally poor, and need to be improved [8].

The COVID-19 pandemic led to unprecedented challenges and impacts on health services worldwide, including EMS. This is
especially true for medical emergencies such as OHCA [9]. Studies have shown that the characteristics of OHCA during the outbreak
differ from those during the non-pandemic period, likely related to the direct or indirect impact of the COVID-19 pandemic [4,10-12].
Although there were fewer calls during the lockdown than expected, strangely, longer EMS response times and delays in treatment
were reported [13]. Timely EMS response and advanced life support interventions, including airway management, medication
administration, and defibrillation are key factors contributing to improved outcomes in OHCA. These factors are critical in the
pre-hospital management of OHCA patients [14].

EMS in many countries was affected by the COVID-19 pandemic. A study from Singapore reported that at the beginning of the
COVID-19 pandemic, all emergency medical service personnel were ordered to use personal protective equipment, including masks,
goggles, and protective clothing for any cases that are deemed suspicious [15]. In another study, to reduce the duration of EMS
missions, new ambulances were deployed to different locations [16]. Nevertheless, the EMS experienced a significant increase in
workload, resulting in structural modifications and changes in guidelines and protocols [17].

Similar to numerous other countries, EMS in Iran was adversely affected by the COVID-19 pandemic. Currently, approximately
20,000 EMS personnel provide services in Iran’s Emergency Organization at operational, communication, personnel and training
levels. In the structure and composition of Iran’s pre-hospital emergency system, two people in the role of EMS personnel and a doctor
provide assistance through telephone calls and consultations. The Advanced Life Support (ALS) team including paramedics, or
emergency nurse practitioners are qualified for conducting advanced cardiac life support and essential life-saving procedures such as
advanced airway insertion, and CPR drug administration and followed American Heart Association Guidelines for Cardiopulmonary
Resuscitation [18].

OHCA in the COVID-19 pandemic caused many challenges for emergency medical personnel [19]. One of the challenges was
exposure to COVID-19 infection during the management of cardiac arrest, which inevitably prolonged scene time and probably
compromised the quality of resuscitation [20]. Researchers have surmised that the lower rate of successful resuscitation in OHCA
during the COVID-19 pandemic is due to the higher severity of the disease and the work overload in emergency medical services [21].
The likelihood of survival after OHCA can be significantly increased if immediate emergency measures for cardiopulmonary resus-
citation are initiated [5]. Overall, according to current studies, COVID-19 affected OHCA and its management in many countries.
Because of differences between countries in COVID-19 related aspects such as incidence and mortality rates, control strategies, and
government approaches [22], studies in different countries seem to be essential to provide more valid and real evidence on COVID-19.
These comprehensive data can also help deal with other viruses that may spread quickly and cause an epidemic. We should learn
lessons from the COVID-19 disease to prevent future infectious diseases. This study investigated the impact of the COVID-19 pandemic
on significant aspects related to the pre-hospital management of out-of-hospital cardiac arrest such as response times, interventions,
and outcomes.

2. Methods
2.1. Study design

This descriptive-analytical study was performed on adult OHCA patients attended by EMS providers in Qom City, Iran. The
checklist for reporting of observational studies by the STROBE (Strengthening the Reporting of Observational studies in Epidemiology)
guidelines (https://www.strobe-statement.org/checklists/) was used to conduct the study and report the findings. The present study
compared the OHCA cases during the waves of the COVID-19 pandemic to those during the pre-COVID-19 period. This study was
approved by the Research Ethics Committees of Qom University of Medical Sciences (IR.MUQ.REC.1401.102). All methods were
performed in accordance with the relevant legislation and guidelines of the National Committee for Ethics in Biomedical Research of
Iran’s Ministry of Health and Medical Education (https://ethics.research.ac.ir).

2.2. Study setting

The study was conducted in Qom City, Iran, with a population of 1.2 million people spread over almost 11,238 km? [23]. The study
setting was the EMS center in Qom. The Qom EMS center has a registration system and the information of patients, from the moment
the client calls the dispatch center until ending the related mission, whether transported to a hospital or not, is recorded routinely. EMS
providers receive additional pre-hospital critical care training for the most life-threatening cases including OHCA. During the
pandemic, the Qom EMS followed the infection prevention and control guidance published by the Ministry of Health and Medical
Education, requiring personnel to wear personal protective equipment, including disposable gloves, surgical/N95 mask, gown, and eye
protection during contact with patients.
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2.3. Data sources

Data were collected from the Qom EMS center registration system, including electronic records (Asayar smart program) and paper
reports of pre-hospital emergency operations at emergency medical services in Qom. Data were gathered from medical records of
OHCA patients during the first 3 waves of the COVID-19 pandemic (from February 20, 2020 to June 22, 2021) and corresponding times
of the pre-COVID-19 pandemic (from February 20, 2018 to June 22, 2019). The data from 1260 OHCA patients collected based on a
census method were included in the study. Informed consent was waived due to the nature of the study. The registry was based on the
Utstein template guidelines for reporting OHCA [24]. The steps for variable selection are as follows: Variables related to baseline
characteristics (including age, gender, underlying disease, etiology of arrest, OHCA location, and EMS call time), EMS interventions
(chest compressions, endotracheal intubation, epinephrine administration, and defibrillation), EMS times (triage time, reaction time,
response time, hospital arrival time, duration of resuscitation), and patient outcomes were examined. Triage time was defined as the
duration from sending patient information to the dispatch and coordination center to the moment of sending a message to the EMS
station. Reaction time was defined as the duration of the mission announcement to the EMS station until ambulance departure.
Response time is the time interval from the call to the ambulance’s arrival at the scene. Hospital arrival time was defined as the time
interval from leaving the scene to reaching the hospital. The Inclusion criteria were the occurrence of out-of-hospital cardiac arrest in
non-traumatic people over 18 years of age who received out-of-hospital cardiopulmonary resuscitation by pre-hospital emergency
medical personnel after telephone triage by dispatch experts. Exclusion criteria included the death of the patient at the scene before the
ambulance arrived and patients whose information was incompletely recorded in the pre-hospital emergency operations registration
system (Table 6). Eligible patients were assigned to the pre-COVID-19 period group and the COVID-19 period group. Since data were
gathered from medical records and documents, there were no significant missing data.

2.4. Statistical analysis

A descriptive analysis was performed to examine the distribution of variables. Continuous variables are presented as the mean and
standard deviation (SD), and categorical variables are presented as frequencies and proportions. Differences between groups were
calculated for continuous variables using an independent t-test and for categorical variables using a chi-square test or Fisher’s exact
test, as appropriate. Multivariate logistic regression was used to estimate the adjusted odds ratio (aOR) for the effect of the COVID-19
pandemic on pre-hospital ROSC, accounting for patient and event characteristics. To select variables in logistic regression, prior
empirical studies, clinical considerations, univariate statistical analyses, and potential confounding variables were considered. The
adjusted factors were COVID-19, age, underlying disease, reaction time, response time, resuscitation time, hospital arrival time,

Total OHCA patients during waves of i _
the COVID-19 period and e U
corresponding times of pre-COVID- e Age <18 years (n=6)
19 period e Traumatic arrest (n = 170)

e Death on the scene prior to the

n: 1366 arrival of the ambulance (n = 22

. Incomplete patient information
(n=14)

pre-COVID-19 period group COVID-19 period group
(20 February 2018 - 22 June 2019) (20 February 2020 - 22 June 2021)
n =524 n =630

Fig. 1. STROBE flow chart.
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endotracheal intubation, defibrillation, and epinephrine. All tests were two-sided, and a P-value <0.05 was considered statistically
significant. The statistical software SPSS version 26.0 was used for all analyses.

3. Results

The data flow diagram of the study is illustrated in Fig. 1. From 1366 OHCA patients registered during waves of the COVID-19
period from February 20, 2020 to June 22, 2021 and corresponding times of the pre-COVID-19 period from February 20, 2018 to
June 22, 2019, 212 patients were excluded from the study. Ultimately, the study analyzed the data of 1154 patients: 524 (45.4 %) from
the pre-COVID-19 period group and 630 (54.6 %) from the COVID-19 period group. The incidence of OHCA increased during the
pandemic period (Fig. 1).

Table 1 details the baseline characteristics of out-of-hospital cardiac arrest patients during the COVID-19 period and before the
COVID-19 period in this study. The results showed OHCA patients were older during the pre-COVID-19 period than those during
COVID-19 (mean age 64 vs. 62.1; p = 0.009). Between the two groups, there were no significant differences in gender. There were no
statistically significant differences between the two groups in terms of underlying disease. In this study, an increase in the number of
cardiac arrests at home (75.6 % vs. 93.2 %; p < 0.001) and a decrease in the number of cardiac arrests in public places were observed
during the COVID-19 period (6.1 % vs. 1.9 %; p < 0.001). There were no statistically significant differences between the two groups in
terms of EMS call time. The results showed that cardiac arrests of a medical etiology in the pre-COVID-19 period group were fewer
compared with those in the COVID-19 period group (94.5 % vs. 98.7 %; p = 0.007).

Table 2 shows the detailed time difference in the pre-hospital course between the pre-COVID-19 period group and the COVID-19
period group. Reaction time and response time were longer during COVID-19 (96 s vs. 74.5 s, p < 0.001; and 9.1 min vs. 7.6 min, p <
0.001 respectively). Triage time, hospital arrival time, and duration of resuscitation were all longer during pre-COVID-19 (52.1s vs.
50.9 s, p = 0.034; 6.8 min vs. 6 min, p < 0.001; and 29.1 min vs. 22.7 min, p < 0.001 respectively).

The results of the comparison between groups in terms of the pre-hospital interventions are presented in Table 3. There was a
significant decrease in pre-hospital endotracheal intubation (50.2 % vs. 17 %; P < 0.001) and defibrillation (40.1 % vs. 22.5 %; P <
0.001) during the COVID-19 outbreak. There was no significant difference in the percentage of patients who received epinephrine
(39.4 % vs. 61.3 %, p = 0.85). Chest compression by EMS was also similar in both groups.

Table 4 shows the hospital outcomes of the pre-COVID-19 and COVID-19 period groups. The percentage of cases that achieved pre-
hospital ROSC was lower during the COVID-19 period than during the pre-COVID-19 period (8.4 % vs. 15.6 %, P < 0.001).

The results of regression analysis done to investigate associations between the COVID-19 pandemic and pre-hospital ROSC are
shown in Table 5. According to univariate analysis, ROSC was predicted by COVID-19, age, underlying disease, reaction time, response
time, resuscitation time, hospital arrival time, endotracheal intubation, defibrillation, and epinephrine. After multivariate analysis,
COVID-19 was not a statistically significant independent predictor anymore. The predictive power of the model was evaluated using a
Nagelkerke R Square (0.47) and Cox and Snell R? (0.24). The Hosmer-Lemeshow goodness of fit test showed that the model is a good fit
of the data (p = 0.88). Also, overall percentage correct of the multivariate logistic regressions was % 89.7.

Table 1
Baseline characteristics of patients with out-of-hospital cardiac arrest in the COVID-19 and pre-COVID-19 periods.
Variable Pre-COVID-19 period COVID-19 period P value
N =524 N =630
Age (Mean + SD) 64 +11.8 62.1 +11.6 0.009
Gender (male) n (%) 291 (55.5) 370 (58.7) 0.282
Underlying disease n (%) 0.05
Cardiac disease 375 (71.6) 418 (66.3)
Respiratory disease 51 (9.7) 55 (8.7)
Cardiac and Respiratory Disease 44 (8.4) 74 (11.7)
Others 20 (3.8) 52 (8.3)
Not reported 34 (6.5) 31 (4.9)
Etiology of arrest n (%) 0.007
Medical 495 (94.5) 616 (98.7)
Overdose/poisoning 20 (3.8) 12 (1.9)
Drowning/Asphyxia 9(1.7) 2(0.3)
OHCA location n (%) <0.001
Home 396 (75.6) 578 (93.2)
Street/Highway 56 (10.7) 18 (2.9)
Workplace 40 (7.6) 13 (2.1)
Public building 32 (6.1) 12 (1.9)
EMS call time (24 h) n (%) 0.2
0-6 61 (11.6) 87 (13.8)
6-12 149 (28.4) 173 (27.5)
12-18 171 (32.6) 227 [36]
18-24 143 (27.3) 143 (22.7)
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Table 2
Comparison of EMS times between the COVID-19 and pre-COVID-19 periods in OHCA patients.
Variable Groups Mean (SD) P value
Triage Time, sec Pre-COVID-19 period 52.1 (10/49) 0.034
COVID-19 period 50.9 (8/79)
Reaction Time, sec Pre-COVID-19 period 74.5 (16/3) <0.001
COVID-19 period 96 (16/36)
Response Time, min Pre-COVID-19 period 7.6 (1/49) <0.001
COVID-19 period 9.1 (3/9)
Hospital arrival time, min Pre-COVID-19 period 6.8 (1/54) <0.001
COVID-19 period 6 (1/27)
Duration of Resuscitation, min Pre-COVID-19 period 29.1 (3/78) <0.001
COVID-19 period 22.7 (3/69)
Table 3
Comparison of EMS interventions between the COVID-19 and pre-COVID-19 periods in OHCA patients.
Variable Groups n (%) P value
Endotracheal intubation Pre-COVID-19 period 263 (50.2) <0.001
COVID-19 period 107 [17]
Chest compressions by EMS Pre-COVID-19 period 524 (100) _
COVID-19 period 630 (100)
Defibrillation Pre-COVID-19 period 210 (40.1) <0.001
COVID-19 period 142 (22.5)
Epinephrine administered Pre-COVID-19 period 328 (60.6) 0.85
COVID-19 period 248 (39.4)
Table 4
Outcomes of patients with OHCA resuscitations in the COVID-19 and pre-COVID-19 periods.
Variable Pre-COVID-19 period COVID-19 period P value
Outcome % <0.001
Death in the field 409 (78.1) 553 (87.8)
Transported with ongoing CPR 33(6.3) 24 (3.8)
Transported with ROSC 82 (15.6) 53 (8.4)

4. Discussion

COVID-19 affected the performance of the emergency medical service (EMS) system in pre-hospital care, including the manage-
ment of out-of-hospital cardiac arrests. This study investigated the impact of the COVID-19 pandemic on pre-hospital management of
OHCAs and its outcomes in Qom City, Iran.

According to the results of the present study, during the COVID-19 period, non-traumatic out-of-hospital cardiac arrests increased
by 20.2 %. EMS-related times differed between COVID-19 and non-COVID-19 period groups. The results of multivariate analysis
showed that age, response time, hospital arrival time, endotracheal intubation, defibrillation, and epinephrine administration were
predictors of ROSC.

Similar to our results, it was reported that out-of-hospital cardiac arrests increased in northern Italy during COVID-19 [25]. A
threefold increase in non-traumatic cardiac arrests occurred in New York City during the COVID-19 pandemic [26]. According to the
existing evidence, the increase in the OHCA incidence could be explained by the direct (e.g. respiratory failure and myocardial
involvement caused by SARS-CoV-2) or indirect (such as the failure to activate emergency personnel in time-dependent cases) effects
of COVID-19 [27-29]. It has been observed that patients during the COVID-19 period are less inclined to seek emergency medical care
at hospitals, particularly when experiencing cardiac difficulties. This trend has been suggested as a possible explanation for the in-
crease in out-of-hospital cardiac arrest [30].

The present study’s findings showed that along with the increase in OHCA, the death rate also increased. In agreement with our
finding, The mortality rate in London increased by 81 % from 19.2 % to 34.8 % during the COVID-19 pandemic [4]. The direct and
indirect effects of COVID-19 could explain the increased incidence of death. Indirect impacts from lockdowns, delaying consultations,
the adjustment of healthcare systems, and overburdening EMS are likely to be involved in mortality [27]. Also, the pandemic created a
culture of fear. The fear of COVID-19 transmission may have diminished bystanders’ motivation to engage in CPR during cardiac
arrest.

The results reported that cardiac arrests occurred more frequently at home compared to public places during the COVID-19 period.
An American study found a 76 % increase in cardiac arrests at home during the COVID-19 epidemic [31]. The increase in cardiac
arrests at residences could be explained by the fact that patients were advised to stay home and avoid social contact to reduce the
spread of COVID-19. In addition, with the beginning of the COVID-19 pandemic, many of these public places were closed. The high
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Univariate and multivariate analysis factors of prehospital ROSC during the COVID-19 period and before the COVID-19 period. The factors that were
found to contribute to the prehospital ROSC in the univariate analysis at P values < 0.2 were included in the multivariate.

Variable Univariate analysis Multivariate analysis
0Odd ratio 95%CI P value 0Odd ratio 95%CI P value

COVID-19

Non-COVID-19 period [Reference] [Reference]

COVID-19 period 0.50 0.34-0.71 <0.001 0.85 0.40-1.82 0.68
Age 0.9 0.88-0.91 <0.001 0.91 0.89-0.93 <0.001

Gender - - -

Female [Reference] [Reference]
Male 0.80 0.56-1.16 0.24 - - -
Underlying disease

Not reported [Reference] [Reference]

Cardiac disease 0.143 0.82-0.25 <0.001 0.64 0.32-1.27 0.207

Respiratory Disease 0.25 0.12-0.52 <0.001 1.55 0.60-3.97 0.362

Respiratory and Cardiac disease 0.15 0.07-0.34 <0.001 0.57 0.22-1.48 0.252

Others 0.36 0.17-0.78 0.009 0.88 0.34-2.23 0.781
OHCA location - - -

Public building [Reference] [Reference]

Home 1.86 0.56-6.11 0.3 - - -

Street/Highway 1.65 0.41-6.6 0.47 - - -

Workplace 1.74 0.41-7.42 0.45 - - -
EMS call time 1 0.97-1.03 0.96 - - -
Triage Time 1 0.98-1.02 0.55 - - -
Reaction Time 0.98 0.97-0.99 0.006 0.10 0.98-1.01 0.66
Response Time 0.61 0.54-0.69 <0.001 0.73 0.63-0.86 <0.001
Resuscitation time 1.05 1.01-1.09 0.006 0.97 0.92-1.03 0.37
Hospital arrival time 0.71 0.61-0.83 <0.001 0.75 0.63-0.89 0.001
Endotracheal intubation

No [Reference] [Reference]

Yes 0.13 0.09-0.2 <0.001 0.32 0.2-0.53 <0.001
Defibrillation

NO [Reference] [Reference]

Yes 0.12 0.08-0.18 <0.001 0.32 0.2-0.5 <0.001
Epinephrine

NO [Reference] [Reference]

Yes 0.04 0.02-0.12 <0.001 0.1 0.04-0.31 <0.001

2
Table 6
Detailed table of variable selection.
Variable Category Description
Baseline Characteristics Age
Gender

EMS Interventions

EMS Times

Patient Outcomes

Exclusion Criteria

Underlying disease

Etiology of arrest

OHCA location

EMS call time

Endotracheal intubation

Chest compressions by EMS
Defibrillation

Epinephrine administered
Triage Time

Reaction Time

Response Time

Hospital arrival time

Duration of Resuscitation
Death in the field

Transported with ongoing CPR
Transported with ROSC

Age < 18 years

Traumatic arrest

Death on the scene prior to the arrival of the ambulance
Incomplete patient information

AN N N NN Y N N N N N U T U N N N N N
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number of cardiac arrests that took place at home could be attributed to lockdown measures and health care system reorganization
[10].

The increase in EMS process time during the COVID-19 period in this study is consistent with the findings of other studies. A
Taiwanese study reported that the mean EMS response time and the interval from call to EMT departure for OHCA cases were longer in
the COVID-19 period [32]. Similarly, a study conducted in the United States found that response times and scene times increased while
transport times decreased [33]. It seems that taking additional information in the dispatch center regarding COVID-19 symptoms,
history of travel to affected areas, and contacts with high-risk individuals led to a longer EMS response time. In addition, during the
pandemic, the volume of incoming calls increased. As part of the COVID-19 pandemic preparations, EMS providers had to wear
personal protective equipment, and this additional preparation could result in a longer EMS process time. Significant alterations in
ambulance access and operations because of changes in EMS caseload, and restrictions on paramedics wearing personal protective
equipment may have resulted in delays in outpatient therapy and impacted ambulance response times [34].

In spite of the reported reduction in road traffic during the pandemic, EMS call-to-arrival time increased during the epidemic.
Although the decreased road traffic was expected to improve EMS call-to-arrival time, the delay resulting from taking time to put on
personal protective equipment (PPE) and the shortages of ambulances and emergency medical service employees likely led to a longer
time. It was reported that clinical concerns regarding the risk of transmission of COVID-19 and the time-consuming process of putting
on PPE can negatively impact ambulance response time and lead to delays in patient treatment [34]. Besides being time-consuming,
PPE is cumbersome and can affect healthcare delivery [35]. Also, various factors can contribute to the prolongation of response time,
such as the timing of incidents, road conditions, weather conditions, the location of incidents, the occurrence of mass casualty in-
cidents, as well as the increase in dispatcher workload due to an increase in emergency calls [36,37]. It is believed that the rise in
COVID-19 patients needing transportation has led to a reduction in the availability of ambulances. This is because ambulance teams
need to sanitize vehicles and equipment, as well as discard waste, after assisting and transporting COVID-19 patients, causing the
vehicles to be marked as out-of-service. Consequently, this procedure has caused a decline in operational effectiveness, resulting in
longer response times.

The COVID-19 outbreak resulted in a dramatic drop in endotracheal intubation, according to the study. In agreement with this
finding, a study in a systematic review also found fewer intubations during the COVID-19 pandemic [38]. It seems that the alternative
ways of maintaining the airway, particularly supraglottic devices recently widely used in some countries such as South Korea, Spain,
and USA [31,39,40], could be an explanation for the reduction in endotracheal intubation. In this regard, the Iran National Medical
Emergency Organization’s clinical practice guidelines recommend supraglottic airway devices as an adjunct to endotracheal intu-
bation [41]. Rapid transport without endotracheal intubation has also been recommended in some studies to reduce the risk of
infection for rescuers and the number of rescuers involved in resuscitation [42]. Since intubation has been designated by the World
Health Organization as an aerosol-generating procedure, EMS clinical practice guidelines were modified [43].

The present study revealed that defibrillation decreased during the COVID-19 outbreak. Similarly, a study conducted in the United
States found that EMS-performed defibrillation was significantly lower following the stay-at-home order and may be associated with
undiagnosed COVID-19 [44]. According to existing evidence, the complications of COVID-19 (including hypoxia, myocardial
infarction, and thromboembolism) may cause cardiac arrest with an initially non-shockable rhythm [26,45]. Unlike defibrillation,
there was no significant difference in Epinephrine administration between the two groups. This finding was in agreement with the
report of a systematic review and meta-analysis and a study in Japan that showed epinephrine administration to OHCA patients did not
differ between COVID-19 and non-COVID-19 periods [38,46].

There was a significant decrease in ROSCs in OHCA patients during the COVID-19 period, compared to that before COVID-19.
During the COVID-19 period, pre-hospital ROSC numbers were low because of both the direct and indirect effects of COVID-19 on
patients and healthcare systems. The decrease in ROSCs during the COVID-19 period was also reported in studies conducted in the
United States, Italy, and Spain [21,47,48]. People with OHCA appear to have worse outcomes when infected with COVID-19 in the
community [21]. Although ROSC rate was lower during the COVID-19 period, according to the results of multivariate analysis,
COVID-19 was not a predictor factor of ROSCs. There are some studies that can partially support this result. A study in Detroit showed
that the rate of pre-hospital ROSC did not change during COVID-19 despite the increase in OHCA [49]. Also, there was no significant
difference in the ROSC rate between pre-COVID and COVID periods in Singapore [50]. Similarly, no apparent effect of the COVID-19
pandemic on pre-hospital ROSC was reported in Western Australia [51]. Another study in Australia showed that changes during the
COVID-19 period did not impact survival outcomes in EMS-witnessed OHCA [52]. Although similar to many studies [9,53,54], our
findings showed worse outcomes of OHCA in the COVID-19 period compared to the pre-COVID period, it seems some factors impact
the association between COVID-19 and outcomes. One possible explanation for the findings of multivariate analysis that failed to
demonstrate an association between ROSCs and COVID-19 could be attributed to disparities in age. Since the patients in the COVID-19
period were significantly younger than those in the pre-COVID-19 period, the success rate of CPR and ROSC may have been affected.
Differences in EMS times and interventions between the COVID-19 and pre-COVID-19 periods may also have affected the result of the
multivariate analysis of ROSC.

According to Nagelkerke R Square and Cox and Snell R? values, the model predicted the dependent variable between 24 and 47 %,
therefore there are other variables outside the model that significantly influence OHCA outcomes during the pandemic. Some external
pandemic-related factors that might have influenced the outcomes include hospital capacity, public health measures, EMS personnel
experience, EMS equipment, and bystander intervention. Anyway, the etiologies of our results are likely multifactorial and need
further investigation on the complex interplay of factors influencing the results.

Changes in EMS resuscitation guidelines for OHCA patients during the COVID-19 pandemic due to resource limitations, un-
certainties early in the pandemic, and workforce shortages and resources could impact pre-hospital management, interventions,
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response times, and other related factors and consequently the outcomes.
4.1. Strengths and limitations of study

Numerous studies have already researched the effect of COVID-19 on OHCA management and outcome, however this study is one
of the few studies released in Middle Asian countries. Research like the present study on the impact of critical situations such as the
COVID-19 pandemic on OHCA managements is necessary to improve OHCA outcomes. The findings of such studies can be helpful for
further preparedness for similar emergencies or other crises in the future. By understanding the involved factors, a better response can
be developed in the future, and lives can be saved. The findings of the study with an acceptable sample size and an integrated EMS
database that reported some important aspects of pre-hospital system performance in a pandemic crisis can be used as an information
source for healthcare system managers to know the weaknesses and shortages of the system.

One of study’ limitations was that the registry system did not record data on in-hospital treatment and outcomes. Due to the
unavailability of this information, the survival rate and neurological outcomes at discharge could not be evaluated. Moreover, we had
no data on confirmed COVID-19 infected cases in our study because the study was done during the first peaks of COVID-19 and a
polymerase chain reaction (PCR) test was not carried out in OHCA patients at the beginning of COVID-19 outbreak. Therefore, we
could not definitively prove that COVID-19 was the cause of deaths in out-of-hospital cardiac arrests. Time-related biases reported in
nonrandomized COVID-19-era studies may have affected the results of the present study as confounding factors. Also, changes in
public behaviors during the pandemic, which might influence EMS response times or OHCA occurrences can be considered as potential
confounders.

Although there were no recall biases in the present study, the potential for information bias in EMS records might have existed,
especially in the COVID-19 period whose extraordinary, unknown and life-threatening nature likely affected the health care system
performance. Although data were gathered from medical records, and missing data was not a notable limitation, there was no
assurance that information was recorded completely or accurately. Medical records, especially during high-stress periods like the
COVID-19 pandemic, are prone to input errors.

Our results that represented a single city, Qom with individual socioeconomic, demographic, geographic, and healthcare system
characteristics may not be generalizable to other cities or countries. Also, as a retrospective study, the results need to be treated with
caution.

5. Conclusion

During COVID-19, OHCA rates increased while outcomes among cardiac arrest patients deteriorated. It also demonstrated sig-
nificant changes in the pre-hospital responses that likely affected the outcomes of OHCA patients. Therefore, health authorities should
seriously consider our results when planning healthcare strategies to deal with the pandemic, not neglecting the pre-hospital issue of
the emergency, especially considering the expected recurrent outbreaks.
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