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Purpose: Out-of-hospital traumatic cardiac arrest (TCA) often has a poor prognosis despite rescue 
efforts. Although the incidence and mortality of out-of-hospital cardiac arrest have increased, by-
stander cardiopulmonary resuscitation (CPR) has decreased in some countries during the 
COVID-19 pandemic. In the prehospital setting, immediate treatment of cardiac arrest is required 
without knowing the patient’s COVID-19 status. Because COVID-19 is usually transmitted through 
the respiratory tract, airway management can put medical personnel at risk for infection. This study 
explored whether on-scene treatments involving CPR for TCA patients changed during the 
COVID-19 pandemic in Korea. 
Methods: This retrospective study used data from emergency medical services (EMS) run sheets in 
Gangwon Province from January 2019 to December 2021. Patients whose initial problem was cardi-
ac arrest and who received CPR were included. Data in 2019 were classified as pre–COVID-19 and 
all subsequent data (from 2020 and 2021) as post–COVID-19. Age, sex, possible cause of cardiac ar-
rest, and treatments including airway maneuvers, oropharyngeal airway (OPA) or i-gel insertion, 
endotracheal intubation (ETI), bag-valve mask (BVM) ventilation, intravenous (IV) line establish-
ment, neck collar application, and wound dressing with hemostasis were investigated. 
Results: During the study period, 2,007 patients received CPR, of whom 596 patients had TCA and 
367 had disease-origin cardiac arrest (DCA). Among the patients with TCA, 192 (32.2%) were pre–
COVID-19 and 404 (67.8%) were post–COVID-19. In the TCA group, prehospital treatments did not 
decrease. The average frequencies were 59.7% for airway maneuvers, 47.5% for OPA, 57.4% for BVM, 
and 51.3% for neck collar application. The rates of ETI, i-gel insertion, and IV-line establishment in-
creased. The treatment rate for TCA was significantly higher than that for DCA. 
Conclusions: Prehospital treatments by EMS workers for patients with TCA did not decrease during 
the COVID-19 pandemic. Instead, the rates of ETI, i-gel insertion, and IV-line establishment increased. 
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INTRODUCTION 

Background 
Advances in emergency care such as the establishment of trauma 
centers, helicopter transport of patients, and trauma education 
for doctors and emergency medical technicians (EMTs) have im-
proved the survival of patients with severe trauma. Nonetheless, 
traumatic cardiac arrest (TCA) has a poor prognosis, and its sur-
vival is reported to be lower than that of non-TCA [1–3]. Since 
the rapid transfer of patients with major trauma is critical, the 
Korean emergency medical services (EMS) recommend < 10 
minutes of on-scene stay time after rescue, and transfer to an ap-
propriate trauma center while performing essential treatments to 
maintain airway, breathing, and circulation [4]. 

The spread of COVID-19 around the world created medical 
crises and led to many changes in public health systems. In Ko-
rea, the first COVID-19 case was reported in January 2020, and 
as of February 2023, 30 million people have been diagnosed and 
33,000 have died [5,6]. Since COVID-19 is highly contagious, the 
National Fire Agency of Korea established nationwide guidelines 
in February 2020, calling for all EMTs to wear personal protective 
equipment (PPE) to reduce the spread of secondary infection to 
other patients and to keep EMTs safe. Because COVID-19 is usu-
ally transmitted through the respiratory tract, management of a 
patient’s airway can expose medical personnel to infection. How-
ever, it is difficult to know a patient’s precise condition at the 
scene where immediate treatment is required. While the patient's 
condition is unstable in the prehospital or emergency depart-
ment setting, there may be minimal information available, in-
cluding COVID-19 status. This is particularly true when re-
sponding to a patient in cardiac arrest, where cardiopulmonary 
resuscitation (CPR) and accompanying airway management 
should be performed without delay, exposing medical personnel 
to respiratory infectious diseases. 

Objectives
This study investigated whether on-scene treatments involving 
CPR for patients with TCA changed during the COVID-19 pan-
demic in Korea. 

METHODS 

Ethics statement
Approval of the Institutional Review Board was not required be-
cause this was a retrospective study and did not include personal 
information except for patients’ sex and age. 

Study design
This is a case series. This retrospective study analyzed the data 
from EMS run sheets.

Study period and participants 
The EMS of Korea is organized by the National Fire Agency, and 
there are 17 fire headquarters located in metropolitan cities and 
provinces. When an emergency call is received and EMS person-
nel are dispatched, an EMS run sheet (recording sheet) is created 
each time a patient is treated and transferred. This retrospective 
study analyzed the data from these EMS run sheets. 

Data sources and measurement 
We analyzed data from January 2019 to December 2021 on pa-
tients in Gangwon Province who required EMS services for car-
diac arrest and received CPR. Because the first COVID-19 pa-
tient was reported in January 2020 in Korea, data in 2019 were 
classified as pre–COVID-19 and data in 2020 and 2021 were 
classified as post–COVID-19. The inclusion criteria were limited 
to patients who received CPR by EMS personnel in response to 
an initial call of cardiac arrest. Cases in which help was requested 
for other initial symptoms such as dyspnea without cardiac ar-
rest, but then developed cardiac arrest during transport were ex-
cluded. Patients who were not given CPR (e.g., do-not-resuscitate 
[DNR] status), were transported by helicopter, or had incomplete 
records were also excluded. Non-TCA cases included all patients 
who experienced arrest due to non-cardiac origins; for example, 
disease, hanging, or drowning. Gangwon Province has an area of 
20,569 km2 with a population of approximately 1.54 million. As 
of 2021, there were 246 level I EMTs (24.3%), 390 level II EMTs 
(38.5%), 114 nurses (11.2%), and 264 other designations (26.0%), 
for a total of 1,014 emergency rescue workers in Gangwon Prov-
ince. In addition, for approximately 80% of calls, EMTs were dis-
patched in teams of three. The patients’ age, sex, possible cause of  
cardiac arrest (identified at the scene), and treatments performed 
during CPR (airway maneuvers, oropharyngeal airway [OPA], or 
i-gel [Intersurgical] insertion, endotracheal intubation [ETI], 
bag-valve mask [BVM] ventilation, intravenous [IV] line estab-
lishment, neck collar application, and wound dressing with he-
mostasis) were analyzed. 

Statistical analysis
Categorical data were expressed as frequency and percentage. 
Continuous data were expressed as averages and standard devia-
tions. Comparisons were calculated using the chi-square test. 
IBM SPSS ver. 26.0 (IBM Corp) was used for analysis, and statis-
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tical significance was set at a P-value < 0.05. 

RESULTS 

During the 3-year study period, 321,156 emergency request calls 
were received, encompassing 107,185 patients who were not 
transferred, 205,959 cases without initial cardiac arrest, and 
2,007 patients with initial cardiac arrest who received CPR (Fig. 
1). Among the 2,007 patients who met our study criteria, help 
was dispatched for 616 in the pre–COVID-19 stage and 1,391 in 
the post–COVID-19 stage. The average age of the study patients 
was 56.9 years, and 69.6% were male. There were 596 patients 
with TCA, of whom 192 (32.2%) were in the pre–COVID-19 

321,156 Total 
emergency request 

calls

596 Traumatic cases 1,411 Nontraumatic cases

107,185 No transportation 
205,959 Initial no cardiac arrests 

464 Helicopter transportation  
1,367 DOA

48 DNR2,007 Initial cardiac 
arrests and CPR

Fig. 1. Flowchart of patient eligibility in this study of prehospital 
treatments for cardiac arrest pre– and post–COVID-19. DOA, dead 
on arrival; DNR, do not resuscitate; CPR, cardiopulmonary resuscita-
tion.

Table 1. The patient characteristics and etiologies of cardiac arrest in Gangwon Province, Korea from January 2019 to December 2021 

Variable Total (n=2,007) Pre–COVID-19 (n=616) Post–COVID-19 (n=1,391) P-value
Age (yr) 56.9±19.7 56.7±18.9 57.1±20.0 0.651
Male sex 1,396 (69.6) 445 (72.2) 951 (68.4) 0.194
Etiology of cardiac arrest
 Trauma 596 (29.7) 192 (31.2) 404 (29.0) 0.337
 Disease origin 367 (18.3) 70 (11.4) 297 (21.4) <0.001
 Electrical burn 3 (0.1) 1 (0.2) 2 (0.1) 0.667
 Anaphylaxis 2 (0.1) 1 (0.2) 1 (0.1) 0.520
 Hanging 515 (25.7) 183 (29.7) 332 (23.9) 0.006
 Airway obstruction 43 (2.1) 16 (2.6) 27 (1.9) 0.349
 Drowning 220 (11.0) 72 (11.7) 148 (10.6) 0.488
 Carbon monoxide 120 (6.0) 35 (5.7) 85 (6.1) 0.709
 Hypothermia 3 (0.1) 2 (0.3) 1 (0.1) 0.225
 Poisoning 58 (2.9) 19 (3.1) 39 (2.8) 0.729
 Fire 27 (1.3) 6 (1.0) 21 (1.5) 0.337
 Chemical injury 1 (0.1) 0 1 (0.1) 0.693
 Unknown 52 (2.6) 19 (3.1) 33 (2.4) 0.354
Values are presented as mean±standard deviation or number (%). Pre–COVID-19 includes data from 2019 and post–COVID-19 includes data 
from 2020 and 2021.

stage and 404 (67.8%) were in the post–COVID-19 stage. There 
were 367 patients with disease-origin cardiac arrest (DCA), of 
whom 70 (19.1%) and 297 (80.9%) were in the pre– and post–
COVID-19 stages, respectively. There were 1,411 non-TCA pa-
tients, with 424 (30.0%) and 987 patients (70.0%) in the pre– and 
post–COVID-19 stages, respectively. Cardiac arrest due to dis-
ease and hanging in the post–COVID-19 stage increased com-
pared to the pre–COVID-19 stage. No other statistically signifi-
cant differences were found (Table 1). 

The prehospital treatments performed during CPR by year are 
shown in Table 2 and Figs. 2 and 3. In cases of TCA, airway ma-
neuvers were performed in 111 cases (57.8%) in 2019, 104 cases 
(58.1%) in 2020, and 141 cases (62.7%) in 2021. Whereas, in 
DCA, airway maneuvers were performed in five cases (7.1%) in 
2019, five cases (3.7%) in 2020, and two cases (1.2%) in 2021. An 
OPA was inserted in 80 TCA cases (41.7%) in 2019, 89 TCA cas-
es (49.7%) in 2020, and 114 TCA cases (50.7%) in 2021, while an 
OPA was inserted in one DCA case (1.4%) in 2019, two DCA 
cases (1.5%) in 2020, and two DCA cases (1.2%) in 2021. While 
ETI was performed in three cases (1.6%) in 2019, 10 cases (5.6%) 
in 2020, and 16 cases (7.1%) in 2021 in the TCA group; in the 
DCA group it was performed in 0 cases (0%) in 2019, two cases 
(1.5%) in 2020, and one case (0.6%) in 2021. I-gel insertion and 
IV-line establishment increased by year in the TCA group: i-gel 
insertion was performed in 61 cases (31.8%) in 2019, 73 cases 
(40.8%) in 2020, and 101 cases (44.9%) in 2021 (P= 0.022); and 
an IV line was established in 19 cases (9.9%) in 2019, 45 cases 
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(25.1%) in 2020, and 59 cases (26.2%) in 2021 (P < 0.001). The 
average rates of prehospital BVM ventilation, neck collar applica-
tion, and wound dressings did not show statistically significant 
increases by year. 

DISCUSSION 

Coronavirus spreads through the respiratory tract and is highly 
contagious. Three years into the COVID-19 pandemic, vaccines 
and drugs have been developed, and concerns for the severity of 
COVID-19 have been relatively alleviated by recent data. Howev-

er, because COVID-19 was a novel infectious disease and we 
lacked understanding in the early stages of the pandemic, there 
was a need for caution and careful preparedness. Moreover, it has 
been reported that the incidence and mortality of out-of-hospital 
cardiac arrest increased in other countries since the COVID-19 
outbreak, and that bystander CPR decreased [7,8]. Because new 
infectious disease outbreaks are still possible, we will periodically 
face similar situations. In the hospital, PPE must be worn meticu-
lously when treating patients with infectious diseases, and infec-
tion transmission should be minimized with thorough disinfec-
tion after treatments. When possible, it is also important to deter-

Table 2. The frequency of emergency treatments for cardiac arrest provided by emergency medical technicians in the prehospital setting in Gangwon 
Province, Korea (2019–2021). 

Treatment Total (n=2,007)
Year

P-value
2019 (n=616) 2020 (n=661) 2021 (n=730)

Airway maneuver
 TCA 356 (59.7) 111 (57.8) 104 (58.1) 141 (62.7) 0.523
 DCA 12 (3.3) 5 (7.1) 5 (3.7) 2 (1.2) 0.063
 Non-TCA 332 (23.5) 124 (29.2) 107 (22.2) 101 (20) 0.003
OPA insertion
 TCA 283 (47.5) 80 (41.7) 89 (49.7) 114 (50.7) 0.144
 DCA 5 (1.4) 1 (1.4) 2 (1.5) 2 (1.2) 0.982
 Non-TCA 257 (18.2) 88 (20.8) 88 (18.3) 81 (16) 0.179
Endotracheal intubation
 TCA 29 (4.9) 3 (1.6) 10 (5.6) 16 (7.1) 0.028
 DCA 3 (0.8) 0 2 (1.5) 1 (0.6) 0.499
 Non-TCA 36 (2.6) 6 (1.4) 16 (3.3) 14 (2.8) 0.179
I-gel insertion
 TCA 235 (39.4) 61 (31.8) 73 (40.8) 101 (44.9) 0.022
 DCA 7 (1.9) 3 (4.3) 1 (0.7) 3 (1.9) 0.212
 Non-TCA 240 (17) 78 (18.4) 74 (15.4) 88 (17.4) 0.455
BVM ventilation
 TCA 342 (57.4) 102 (53.1) 104 (58.1) 136 (60.4) 0.313
 DCA 8 (2.2) 3 (4.3) 3 (2.2) 2 (1.2) 0.344
 Non-TCA 313 (22.2) 114 (26.9) 99 (20.5) 100 (19.8) 0.020
IV-line establishment
 TCA 123 (20.6) 19 (9.9) 45 (25.1) 59 (26.2) <0.001
 DCA 6 (1.6) 2 (2.9) 2 (1.5) 2 (1.2) 0.660
 Non-TCA 128 (9.1) 37 (8.7) 42 (8.7) 49 (9.7) 0.827
Neck collar application
 TCA 306 (51.3) 94 (47.4) 94 (52.5) 121 (53.8) 0.401
 DCA 0 0 0 0 NA
 Non-TCA 83 (5.9) 28 (6.6) 31 (6.4) 24 (4.8) 0.401
Wound dressing
 TCA 80 (13.4) 26 (13.5) 26 (14.5) 28 (12.4) 0.829
 DCA 0 0 0 0 NA
 Non-TCA 1 (0.1) 0 0 1 (0.2) 0.408
Values are presented as number (%).
TCA, traumatic cardiac arrest; DCA, disease-origin cardiac arrest; OPA, oropharyngeal airway; BVM, bag-valve mask; IV, intravenous; NA, not 
applicable
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Fig. 2. The frequencies of emergency treatments provided by emergency medical technicians in the prehospital setting. (A) Airway maneuver. (B) 
Oropharyngeal airway insertion. (C) Endotracheal intubation. Only traumatic cardiac arrest (TCA) numbers are represented. (D) I-gel insertion. 
DCA, disease-origin cardiac arrest.
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mine whether a patient has COVID-19. However, EMTs in the 
field must be especially careful because patient information (i.e., 
infection status) may be limited, and there may be restricted time 
and space for appropriate PPE, increasing the infection risk. 
Moreover, in cardiac arrest situations where even a few minutes 
of delay in starting CPR contributes to a poor prognosis [9,10], 
infection prevention may be neglected or overlooked due to the 
narrow window of time for proper treatment as well as the emo-
tional pressure. However, the chest compressions and airway 
treatments performed during CPR present a high risk for infec-
tion transmission, and EMTs should make every effort to wear 
PPE to prevent the secondary infection of other patients and 
themselves. 

We excluded patients who experienced cardiac arrest during 
transport for the following reasons. Usually, a team of two to 
three EMTs was dispatched to the scene in Gangwon Province, 
but once transfer was started, one EMT drove the ambulance and 
the other one or two EMTs were left in the patient care compart-
ment. Optimal treatment in alignment with the guidelines can be 

difficult due to this decrease in manpower and the confined 
space. Additional information may also be obtained at this point 
(e.g., DNR requests from guardians) that changes the characteris-
tics of the initial dispatch for cardiac arrest and influences treat-
ment decisions. Therefore, to confirm that any changes in the ini-
tial treatment were related to infection concerns, this study was 
limited to cases where rescue personnel were dispatched for car-
diac arrest from the beginning. 

During the study period, the emergency treatments remained 
unchanged or increased, including airway procedures during 
CPR for TCA. In addition, almost all treatments were performed 
at higher rates in the TCA group than in the DCA group. How-
ever, ETI was performed in only 4.9% of cases. ETI is highly de-
pendent on the individual rescuer’s capabilities and training, and 
it was not often performed in the field due to lack of experience. 
Instead, an extraglottic airway device such as i-gel was preferred. 
Although ETI is the recommended airway procedure for patients 
with a Glasgow Coma Scale < 8 in major trauma [11], it has been 
performed at a significantly low rate. However, there have been 
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reports that advanced airway treatment in the prehospital setting 
is neither beneficial nor harmful, so it remains inconclusive 
whether advanced airway treatments should be performed more 
frequently in the field [12–14]. Other studies have also demon-
strated that prehospital airway management using extraglottic 
airways was not inferior to endotracheal intubation and should 
therefore be considered [15–18]. 

Only wound dressings for hemostasis showed a decreasing 
pattern. This should not be interpreted as a decrease in treat-
ment, however, because the need for hemostasis is determined by 
external bleeding or wounds. Moreover, because the manage-
ment of hemostasis is less likely to contribute to the transmission 
of respiratory tract infections than airway treatments, it was not 
considered significant in this study. 

Interestingly, all treatments differed significantly between the 
DCA group and the TCA group. In fact, EMTs are advised to 
minimize on-scene time and to transfer patients with major trau-
ma quickly, preferably within 10 minutes after rescue. However, 
in non-TCA events, where EMTs may be allowed to stay on-
scene for longer periods and provide advanced life support under 
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Fig. 3. The frequencies of emergency treatments provided by emergency medical technicians in the prehospital setting. (A) Bag-valve mask venti-
lation. (B) Intravenous line establishment. Only traumatic cardiac arrest (TCA) numbers are represented. (C) Neck collar application. Only TCA 
and non-TCA numbers are represented. (D) Wound dressing. Only TCA numbers are represented. DCA, disease-origin cardiac arrest.

medical oversight, we found that on-scene treatment was lower 
than in the TCA group. 

In light of studies reporting that several cases of severe acute 
respiratory syndrome (SARS) and severe fever with thrombocy-
topenia syndrome had spread to medical personnel during CPR 
[19,20], it was suspected that CPR and airway treatments would 
decrease in the field after the COVID-19 outbreak. However, sta-
tistically significant decreases were found only with airway ma-
neuvers and BVM in the non-TCA group, and no differences 
and/or increases were found in other treatments in the trauma 
group. For TCA at least, it was confirmed that on-scene treat-
ments did not decrease due to the influence of COVID-19. 

There are possible reasons for this finding. First, EMTs may 
have been less likely to consider the possibility of COVID-19 in-
fection in the trauma group since the signs and symptoms of 
COVID-19 (e.g., dyspnea or pneumonia) were more likely in the 
disease group. After the COVID-19 outbreak, ETI and i-gel inser-
tion had statistically significant increases in the TCA group and 
appeared unaffected by COVID-19. Another possible reason was 
that the patients with TCA were somewhat younger than those 
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with DCA (55.9±18.4 years vs. 68.5±18.3 years, P<0.001), and 
that more effort was made to revive younger patients with rela-
tively fewer underlying diseases. Furthermore, this may have 
been due to the emphasis in EMS education on the importance 
of treatment in major trauma and might have reflected the hiring 
of new EMTs with recent hospital-based clinical experiences. 

Limitations 
This study had some limitations. First, because this work was 
based on the EMS run sheets, in some cases the cause of cardiac 
arrest was not clear. The recorded cause of the cardiac arrest was 
based on descriptions by witnesses at the scene, and by the pa-
tient's condition and situation at the time of discovery. Therefore, 
the true etiology was not always clear. However, since EMTs of-
ten provide treatment based on the limited information available 
to them at the scene, it is appropriate to assume that the respons-
es of the EMTs in this study were typical. Second, the data were 
collected from only one province and may not be generalizable to 
the entire country. Regional differences may exist, as exemplified 
by the fact that Gangwon Province is a large area that accounts 
for 20.5% of the country but has the lowest proportion (35.5%) of 
level I EMTs and nurses in the country (Seoul, 50.2%; Busan, 
60.2%; Gwangju, 90.7%; Gyeonggi Province, 91.2%; national av-
erage, 65.7%). Certain skills are limited to level I EMTs and nurs-
es in rescue situations, and a study of national data may show dif-
ferent results. Further study is needed to clarify the exact reasons 
for any changes in the treatment of TCA. 

Conclusions 
Our comparison of the prehospital EMS treatments provided to 
patients with TCA before the COVID-19 outbreak, to those pro-
vided during the COVID-19 outbreak showed that treatments 
did not decrease. In fact, endotracheal intubation, I-Gel inser-
tion, and IV-line establishment increased. 
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