
Introduction 

Out-of-hospital cardiac arrest (OHCA) is a significant problem 
with poor patient prognosis, which must be addressed adequately 
through public health policies [1]. Patients with OHCA undergo 
cardiopulmonary resuscitation (CPR) according to the latest 
American Heart Association guidelines. Rescuers begin with basic 
life support, followed by advanced cardiovascular life support if ad-

Background: In patients with out-of-hospital cardiac arrest (OHCA), guidelines recommend advanced airway (AA) management at 
the advanced cardiovascular life support stage; however, the ideal timing remains controversial. Therefore, we evaluated the prognosis 
according to the timing of AA in patients with OHCA. 
Methods: We conducted a retrospective observational study of patients with OHCA at six major hospitals in Daegu Metropolitan City, 
South Korea, from August 2019 to June 2022. We compared groups with early and late AA and evaluated prognosis, including recov-
ery of spontaneous circulation (ROSC), survival to discharge, and neurological evaluation, according to AA timing. 
Results: Of 2,087 patients with OHCA, 945 underwent early AA management and 1,142 underwent late AA management. The timing 
of AA management did not influence ROSC in the emergency department (5–6 minutes: adjusted odds ratio [aOR], 0.97; p=0.914; 
7–9 minutes: aOR, 1.37; p=0.223; ≥10 minutes: aOR, 1.32; p=0.345). The timing of AA management also did not influence survival 
to discharge (5–6 minutes: aOR, 0.79; p=0.680; 7–9 minutes: aOR, 1.04; p=0.944; ≥10 minutes: aOR, 1.86; p=0.320) or good neu-
rological outcomes (5–6 minutes: aOR, 1.72; p=0.512; 7–9 minutes: aOR, 0.48; p=0.471; ≥10 minutes: aOR, 0.96; p=0.892). 
Conclusion: AA timing in patients with OHCA was not associated with ROSC, survival to hospital discharge, or neurological outcomes. 

Keywords: Airway management; Out-of-hospital cardiac arrest; Prognosis  

Original article
eISSN 2799-8010
J Yeungnam Med Sci 2024;41(4):288-295
https://doi.org/10.12701/jyms.2024.00332

Outcomes in patients with out-of-hospital cardiac arrest 
according to prehospital advanced airway management 
timing: a retrospective observational study 
Sang-Hun Lee1, Hyun Wook Ryoo2 
1Department of Emergency Medicine, Keimyung University Dongsan Hospital, Keimyung University School of Medicine, Daegu, Korea 
2Department of Emergency Medicine, School of Medicine, Kyungpook National University, Daegu, Korea 

Received: April 1, 2024 • Revised: April 30, 2024 • Accepted: May 9, 2024 • Published online: July 18, 2024 
Corresponding author: Hyun Wook Ryoo, MD 
Department of Emergency Medicine, School of Medicine, Kyungpook National University, Kyungpook National University Hospital, 130 Dongdeok-ro, Jung-
gu, Daegu 41944, Korea 
Tel: +82-53-420-6415 • Fax: +82-53-428-2820 • E-mail: ryoo@knu.ac.kr  

ditional management, such as vascular access, medication injec-
tion, shockable rhythm recognition, and advanced airway (AA) 
management, is possible [2]. When performed, AA management 
changes the compression-to-ventilation ratio from 30:2 to continu-
ous chest compressions and one ventilation every 6 seconds [2]. 

AA management includes endotracheal intubation and supra-
glottic airways (SGAs). AA management has advantages and dis-
advantages in OHCA. For example, AA management can provide 
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optimal oxygen early and protect the airway [3]. In contrast, posi-
tive pressure ventilation after AA management can increase intra-
thoracic pressure, resulting in reduced venous reflux and chest 
compression quality [4]. Additionally, technical errors in AA man-
agement, such as multiple, prolonged, or failed attempts, can result 
in inefficient chest compressions and poor patient prognosis [3,5]. 
Therefore, performing AA management while minimizing inter-
ference with initial high-quality CPR is recommended and consid-
ered a step after defibrillating, confirming shockable electrocardio-
gram rhythm, obtaining intravenous/intraosseous access, and ad-
ministering epinephrine [2,6]. 

However, the effect of AA management timing during OHCA 
remains unclear, with mixed research results [7-9]. Therefore, we 
evaluated the prognosis of patients with OHCA according to the 
timing of AA management in Daegu, a metropolitan city in South 
Korea. 

Methods 

Ethics statement: This study was approved by the Institu-
tional Review Board (IRB) of Kyungpook National Universi-
ty Hospital (IRB No: 2016-03-027). The requirement for in-
formed consent was waived due to the retrospective nature of 
the study.

1. Study design and participants 
This retrospective observational study was conducted in Daegu, 
South Korea, from August 2019 to June 2022. All 48 fire safety 
centers in Daegu, involving 119 ambulances, participated in this 
study. All emergency centers (ECs) in Daegu, including two re-
gional ECs (Kyungpook National University Hospital and Yeun-
gnam University Medical Center) and four local ECs (Keimyung 
University Dongsan Hospital, Daegu Catholic University Medical 
Center, Kyungpook National University Chilgok Hospital, and 
Daegu Fatima Hospital) also participated in this study. This study 
included adult patients (aged ≥ 18 years) with OHCA who under-
went AA management and visited the emergency department 
(ED) via emergency medical service (EMS) ambulance. We ex-
cluded patients who did not want to be resuscitated or whose car-
diopulmonary arrest was not caused by illness. Patients who did 
not receive AA management during CPR or those who received 
AA after the return of spontaneous circulation (ROSC) were ex-
cluded. Patients were also excluded if the timing of AA manage-
ment was not documented. Using a cutoff time of 7 minutes (the 
median value), the characteristics of the basic study population 
were identified by subdividing the population into two groups, ear-

ly and late AA management. According to the results of a previous 
study, patient prognosis was better when AA management was less 
than 4 minutes, and the reference value was the same as that of the 
first group in the fourth quartile of this study [10]. Therefore, mul-
tivariable regression analysis for the evaluation of prognostic indi-
cators such as ED ROSC, survival to discharge, and good neuro-
logic outcome was conducted by dividing the group according to 
AA management time into quartiles and analyzing them in cate-
gorical groups of ≤ 4 minutes, 5 to 6 minutes, 7 to 9 minutes, and 
≥ 10 minutes. The prognosis of the patients was further evaluated 
by dividing the subgroups according to shockable rhythm and the 
type of AA management, such as the use of SGAs or endotracheal 
intubation (ETI). 

2. Patient management and data collection 
All patients were managed faithfully according to the current CPR 
guidelines at the prehospital and hospital stages [2,11]. The use of 
AA management and drugs during the prehospital stage was deter-
mined directly by the medical directors. The choice of AA man-
agement, such as SGA or ETI use, depended on the CPR site con-
ditions and EMS proficiency. The SGA used by the prehospital 
EMS was an i-gel. 

Information on demographic and clinical characteristics includ-
ing age, sex, previous performance, previous illness, witnesses, 
place, bystander CPR, automated external defibrillator use, me-
chanical compression, shockable rhythm, epinephrine use, multi-
ple team dispatches, response time, on-scene time, transport time, 
time to AA, and multiple attempts to establish an airway was ob-
tained from the EMS run sheet. The degree of previous perfor-
mance was defined as good if the patient could walk independently 
and perform daily activities. Time to AA was defined as the time 
from EMS arrival at the scene to successful AA management. 
“Multiple attempts to establish an AA” was defined as two or more 
attempts. From electronic medical records, we also retrieved infor-
mation on the use of targeted temperature management, use of ex-
tracorporeal membrane oxygenation, ROSC in the ED, survival to 
discharge, and cerebral performance category (CPC) scores at dis-
charge. At discharge, a CPC score of one or two points was classi-
fied as a good neurological outcome. 

3. Statistical analysis 
Continuous variables are reported as medians and interquartile 
ranges and were compared using the Mann-Whitney U test and 
Student t-test according to their normal/non-normal distribution. 
Categorical variables are reported as numbers and percentages and 
were compared using the chi-square test or Fisher exact test. The 
associations of baseline characteristics, time to AA, and attempts to 
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establish an AA with outcomes such as ROSC, survival to dis-
charge, and good neurologic outcome were first analyzed using 
univariate logistic regression analysis. Variables adjusted for age, 
sex, performance, witnesses, bystander CPR, bystander automated 
external defibrillator (AED) use, mechanical compression, shock-
able rhythm, epinephrine use, response time, on-scene time, trans-
port time, multiple attempts to establish an AA, and time to AA 
were analyzed using multivariable logistic regression analysis, and 
the results are reported as odds ratios (ORs) and 95% confidence 
intervals (CIs). For the subgroup analysis, categorized grouping 
was performed according to the presence of shockable rhythm and 
AA type. All statistical analyses were performed using IBM SPSS 
ver. 25.0 for Windows (IBM Corp., Armonk, NY, USA). 

Results 

A total of 2,087 patients with AA were transported by EMS to six 
participating hospitals during the study period. Of these, 945 pa-
tients (45.3%) received early AA management and 1,142 patients 
(54.7%) received late AA management. Of the patients who re-
ceived early AA management, 712 (75.3%) had an SGA, and 233 
(24.7%) received ETI. Of the patients who received late AA man-
agement, 851 (74.5%) had an SGA, and 291 (25.5%) received 
ETI (Fig. 1). 

The mean age of the participants was 75 years, and 1,320 
(63.2%) were male. A total of 1,726 patients (82.7%) had good 
premorbid performance in carrying out daily activities inde-
pendently. The locations where OHCA occurred were mostly 
nonpublic (1,713, 82.3%), including residential areas. A total of 
973 cardiac arrests (46.6%) were witnessed, and 1,163 patients 

(55.7%) underwent bystander CPR. Mechanical compression was 
performed on 1,926 patients (92.3%), the shockable rhythm was 
observed in 194 (9.3%), and an AED was used by bystanders in 31 
cases (1.5%). Epinephrine was administered intravenously to 1,388 
patients (66.5%). Regarding AA type, 1,563 patients (74.9%) re-
ceived an SGA, and ETI was performed in 524 patients (25.1%). Se-
curing the airway was attempted multiple times in 90 patients 
(4.3%). Multiple EMS dispatches occurred with most patients 
with OHCA (2,018, 96.7%). The median response time was 9 
minutes, which was the time when EMS arrived at the scene after 
receiving the report. The on-scene time, which was the time from 
when EMS arrived at the scene until it left for the hospital, was 18 
minutes. Additionally, the transport time from the scene to the 
hospital was 7 minutes. In the ED, ROSC occurred in 149 patients 
(7.1%), with 29 (1.4%) surviving to be discharged and 14 (0.7%) 
having good neurologic outcomes. In the group of patients with 
early AA management, more bystander CPR was performed (early 
AA, 65.2% vs. late AA, 47.9%; p < 0.001) and more patients 
showed shockable rhythms (early AA, 10.1% vs. late AA, 8.7%; 
p = 0.004). Multiple team dispatches were more common in the 
early AA management group (early AA, 98.6% vs. late AA, 95.1%; 
p < 0.001) and mechanical compression was more frequently per-
formed (early AA, 93.7% vs. late AA, 91.2%; p = 0.020). The scene 
time (early AA, 16 minutes vs. late AA, 20 minutes; p < 0.001) and 
transport time to the hospital (early AA, 6 minutes vs. late AA, 7 
minutes; p < 0.001) were also shorter in the early AA management 
group (Table 1). 

Table 2 shows the results of the multivariable logistic regression 
analysis. Dividing the AA acquisition time into quartiles, we com-
pared the resulting values with ORs based on the shortest time of 

OHCA patients in Daegu, South Korea
August 2019–June 2022

(n=3,699)

Advanced airway management
(n=2,087)

Early advanced airway
(n=945, 45.3%)

Late advanced airway
(n=1,142, 54.7%)

Supraglottic airway
(n=712, 75.3%)

Supraglottic airway
(n=851, 74.5%)

Endotracheal tube 
(n=233, 24.7%)

Endotracheal tube 
(n=291, 25.5%)

Excluded (n=1,140) 
• Age <18 yr
• Advanced airway was not acquired
• Did not resuscitate 
• Cause of arrest other than disease
• Airway acquired after ROSC
• Not documenting advanced airway spent time

Fig. 1. The flow chart of participants. OHCA, out-of-hospital cardiac arrest; ROSC, recovery of spontaneous circulation.
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≤ 4 minutes. The number of AA attempts was divided into a first-
pass success (FPS) group and a multiple ( ≥ 2 attempts) group, fol-
lowed by analysis. The timing of attempts at AA establishment did 
not influence ROSC in the ED (adjusted ORs [aORs] of 5–6 min-
utes, 7–9 minutes, and ≥ 10 minutes: 0.97 [95% CI, 0.56–1.67], 
p = 0.914; 1.37 [95% CI, 0.82–2.29], p = 0.223; and 1.32 [95% CI, 
0.75–2.33], p = 0.345); nor did the number of attempts (aOR, 
1.11 [95% CI, 0.46–2.68]; p = 0.824]). The timing of attempts at 

AA establishment did not affect survival to discharge (aORs of 
5–6 minutes, 7–9 minutes, and ≥ 10 minutes: 0.79 [95% CI, 0.26–
2.44], p = 0.680; 1.04 [95% CI, 0.34–3.23], p = 0.944; 1.86 [95% 
CI, 0.55–6.27], p = 0.320); nor did the number of attempts (aOR, 
2.31 [95% CI, 0.45–11.70]; p = 0.314). Additionally, the timing of 
attempts at AA establishment did not affect good neurologic out-
comes (aORs of 5–6 minutes, 7–9 minutes, and ≥ 10 minutes: 
1.72 [95% CI, 0.34–8.78], p = 0.512; 0.48 [95% CI, 0.06–3.56], 

Table 1. Characteristics of the study population by the timing of advanced airway (AA) management 

Characteristic Total Early AA group Late AA group p-value
No. of patients 2,087 945 1,142
Age (yr) 75 (63–81) 74 (64–81) 75 (63–81) 0.714
Male sex 1,320 (63.2) 598 (63.3) 722 (63.2) 0.507
Premorbid performance, good 1,726 (82.7) 784 (83.0) 942 (82.5) 0.494
Previous illness
  Previous arrest 10 (0.5) 3 (0.3) 7 (0.6) 0.262
  Ischemic heart disease 211 (10.1) 96 (10.2) 115 (10.1) 0.485
  Other heart diseases 223 (10.7) 91 (9.6) 132 (11.6) 0.095
  Cerebrovascular accident 261 (12.5) 123 (13.0) 138 (12.1) 0.266
  Hypertension 876 (42.0) 399 (42.2) 477 (41.8) 0.391
  Diabetes mellitus 673 (32.2) 302 (32.0) 371 (32.5) 0.450
  COPD 161 (7.7) 73 (7.7) 88 (7.7) 0.511
  Chronic kidney disease 181 (8.7) 71 (7.5) 110 (9.6) 0.054
  Liver cirrhosis 41 (2.0) 17 (1.8) 24 (2.1) 0.376
  Malignancy 310 (14.9) 138 (14.6) 172 (15.1) 0.429
Witness 973 (46.6) 413 (43.7) 560 (49.0) 0.009
Place <0.001
  Public 298 (14.3) 145 (15.3) 153 (13.4)
  Nonpublic 1,713 (82.1) 792 (83.8) 921 (80.6)
  Ambulance 66 (3.2) 2 (0.2) 64 (5.6)
  Others 10 (0.5) 6 (0.6) 4 (0.4)
Bystander CPR 1,163 (55.7) 616 (65.2) 547 (47.9) <0.001
Bystander AED use 31 (1.5) 16 (1.7) 15 (1.3) 0.296
AA type 0.351
  Supraglottic airway 1,563 (74.9) 712 (75.3) 851 (74.5)
  Endotracheal intubation 524 (25.1) 233 (24.7) 291 (25.5)
No. of AA attempts, ≥2 90 (4.3) 23 (2.4) 67 (5.9) <0.001
EMS mechanical compression 1,926 (92.3) 885 (93.7) 1,041 (91.2) 0.020
Shockable rhythm 194 (9.3) 95 (10.1) 99 (8.7) 0.004
Intravenous epinephrine 1,388 (66.5) 628 (66.5) 760 (66.5) 0.489
Multiple team dispatch 2,018 (96.7) 932 (98.6) 1,086 (95.1) <0.001
Response time (min) 9 (7–11) 9 (7–11) 9 (7–11) 0.907
On-scene time (min) 18 (15–21) 16 (14–18) 20 (17–23) <0.001
Transport time (min) 7 (5–10) 6 (4–9) 7 (5–11) <0.001
TTM 43 (2.1) 23 (2.4) 20 (1.8) 0.283
ECMO 30 (1.4) 15 (1.6) 15 (1.3) 0.712
ROSC in the ED 149 (7.1) 63 (6.7) 86 (7.5) 0.249
Survival discharge 29 (1.4) 13 (1.4) 16 (1.4) 0.560
Good neurologic outcome 14 (0.7) 6 (0.6) 8 (0.7) 0.464

Values are presented as number only, median (interquartile range), or number (%).
COPD, chronic obstructive pulmonary disease; CPR, cardiopulmonary resuscitation; AED, automated external defibrillator; EMS, emergency medical ser-
vices; TTM, targeted temperature management; ECMO, extracorporeal membrane oxygenation; ROSC, recovery of spontaneous circulation; ED, emergen-
cy department.
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Table 2. Multivariable analysis of outcomes of patients with out-of-hospital cardiac arrest 

Variable n (%) Crude OR (95% CI) p-value Adjusted OR (95% CI) p-value
ED ROSC 149 (100)
  Time interval to AA (min)
    ≤4 34 (22.8) Reference
    5–6 29 (19.5) 0.89 (0.54–1.49) 0.664 0.97 (0.56–1.67) 0.914
    7–9 42 (28.2) 1.18 (0.74–1.89) 0.490 1.37 (0.82–2.29) 0.223
    ≥10 44 (29.5) 1.00 (0.63–1.59) 0.998 1.32 (0.75–2.33) 0.345
  No. of AA attempts 0.93 (0.40–2.16) 0.859 1.11 (0.46–2.68) 0.824
Survival discharge 29 (100)
  Time interval to AA (min)
    ≤4 8 (27.6) Reference
    5–6 5 (17.2) 0.65 (0.21–2.01) 0.459 0.79 (0.26–2.44) 0.680
    7–9 4 (13.8) 0.47 (0.14–1.56) 0.217 1.04 (0.34–3.23) 0.944
    ≥10 12 (41.4) 1.16 (0.47–2.85) 0.754 1.86 (0.55–6.27) 0.320
  No. of AA attempts 1.64 (0.39–7.02) 0.502 2.31 (0.45–11.70) 0.314
Good neurologic outcome 14 (100)
  Time interval to AA (min)
    ≤4 4 (28.6) Reference
    5–6 2 (14.3) 0.53 (0.10–2.88) 0.458 1.72 (0.34–8.78) 0.512
    7–9 3 (21.4) 0.71 (0.16–3.17) 0.650 0.48 (0.06–3.56) 0.471
    ≥10 5 (35.7) 0.97 (0.26–3.61) 0.958 0.96 (0.91–1.01) 0.892
  No. of AA attempts 3.76 (0.83–17.05) 0.086 3.69 (0.45–30.63) 0.226

The adjusted variables for ED ROSC were age, sex, premorbid performance, witnesses, bystander cardiopulmonary resuscitation (CPR), bystander au-
tomated external defibrillator (AED) use, mechanical compression, shockable rhythm, epinephrine, response time, on-scene time, transport time, and 
number of AA attempts. The adjusted variables for survival to discharge and good neurologic outcome were age, sex, premorbid performance, witnesses, 
bystander CPR, bystander AED use, mechanical compression, shockable rhythm, epinephrine, response time, on-scene time, transport time, number of AA 
attempts, targeted temperature management supply, and extracorporeal membrane oxygenation supply.
OR, odds ratio; CI, confidence interval; ED, emergency department; ROSC, recovery of spontaneous circulation; AA, advanced airway.

p = 0.471; 0.96 [95% CI, 0.91–1.01], p = 0.892); nor did the num-
ber of attempts (aOR, 3.69 [95% CI, 0.45–30.63]; p = 0.226). 

When patients were divided into shockable and non-shockable 
subgroups, we found that AA timing did not affect ROSC, regard-
less of attainable rhythm. The aORs of 5–6 minutes, 7–9 minutes, 
and ≥ 10 minutes were as follows: for shockable rhythm: 0.60 
(p = 0.420), 2.38 (p = 0.129), 3.18 (p = 0.087); for non-shockable 
rhythm: 1.12 (p = 0.725), 1.31 (p = 0.360), 1.14 (p = 0.683). The 
timing of AA management did not affect survival at discharge or 
good neurologic outcomes (Table 3). Even when divided into 
SGA and ETI subgroups by AA type, AA timing did not affect 
ROSC in either group. The aORs of 5–6 minutes, 7–9 minutes, 
and ≥ 10 minutes were as follows: for SGA: 0.96 (p = 0.891), 1.25 
(p = 0.455), 1.11 (p = 0.756); for ETI: 1.04 (p = 0.954), 2.06 
(p = 0.210), 2.21 (p = 0.227). In both the SGA and ETI subgroups, 
the timing of AA management did not affect survival to discharge 
or good neurologic outcomes (Table 4). 

Discussion 

In this study, we found that the timing and number of AA attempts 

in patients with OHCA did not affect patient prognosis, such as 
ROSC, survival to discharge, or good neurologic outcomes. When 
the patients were divided by AA type into SGA and ETI sub-
groups, the results also showed that the timing of AA did not influ-
ence the prognosis, and similar results were obtained when the 
subgrouping was based on having a shockable rhythm. 

Several studies have been conducted to determine the optimal 
timing for AA management in patients with OHCA. A study of pa-
tients with OHCA in Osaka, Japan found that survival was better 
when EMS initiated AA management at < 4 minutes than when 
AA management was initiated at > 5 minutes [10]. Delayed AA 
treatment in patients with OHCA results in poor neurological 
prognosis [12]. An observational cohort study using the ROC-
PRIMED (Resuscitation Outcomes Consortium Prehospital Re-
suscitation using an Impedance Valve and Early versus Delayed 
analysis) trial data in patients with OHCA in the United States and 
Canada also indicated that early AA management via EMS was as-
sociated with higher ROSC [13]. However, a recent large-scale co-
hort study in Japan showed that AA timing was not associated with 
survival in patients with OHCA with shockable rhythms. In con-
trast, in patients with non-shockable rhythms, AA performed with-
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Table 3. Subgroup analysis for comparison by time to advanced airway (AA) according to primary electrocardiogram rhythm 

Time interval to AA 
(min)

Shockable group (n=194) Non-shockable group (n=1,893)

n (%) Crude OR  
(95% CI) p-value Adjusted OR  

(95% CI) p-value n (%) Crude OR  
(95% CI) p-value Adjusted OR  

(95% CI) p-value

ED ROSC 36 (100) 113 (100)
  ≤4 10 (27.8) Reference 24 (21.2)
  5–6 5 (13.9) 0.61 (0.19–1.95) 0.406 0.60 (0.17–2.09) 0.420 24 (21.2) 1.03 (0.58–1.85) 0.920 1.12 (0.61–2.05) 0.725
  7–9 11 (30.6) 1.24 (0.48–3.24) 0.659 2.38 (0.78–7.26) 0.129 31 (25.0) 1.21 (0.70–2.10) 0.489 1.31 (0.73–2.34) 0.360
  ≥10 10 (27.8) 1.13 (0.43–3.00) 0.809 3.18 (0.75–11.91) 0.087 34 (27.4) 1.06 (0.62–1.81) 0.837 1.14 (0.60–2.19) 0.683
Survival discharge 13 (100) 16 (100)
  ≤4 4 (30.8) Reference 4 (25.0)
  5–6 2 (15.4) 0.64 (0.11–3.68) 0.618 0.79 (0.09–6.76) 0.831 3 (18.8) 0.77 (0.17–3.45) 0.731 1.20 (0.24–5.91) 0.827
  7–9 3 (23.1) 0.80 (0.17–3.76) 0.775 0.71 (0.09–5.86) 0.750 1 (6.3) 0.23 (0.23–2.07) 0.190 0.34 (0.03–3.46) 0.359
  ≥10 4 (30.8) 1.11 (0.26–4.71) 0.886 3.09 (0.30–32.48) 0.347 8 (50.0) 1.49 (0.45–4.97) 0.520 1.35 (0.30–33.02) 0.655
Good neurologic 

outcome
11 (100) 3 (100)

  ≤4 3 (27.3) Reference 1 (33.3)
  5–6 2 (18.2) 0.87 (0.14–5.47) 0.884 1.29 (0.14–11.78) 0.824 0 (0) 0.00 0.994 0.00 0.998
  7–9 3 (27.3) 1.09 (0.21–5.64) 0.923 1.23 (0.14–11.19) 0.854 0 (0) 0.00 0.994 0.00 0.987
  ≥10 3 (27.3) 1.11 (0.21–5.77) 0.902 3.42 (0.27–43.11) 0.341 2 (66.7) 1.49 (0.14–16.49) 0.745 0.01 (0–6.53) 0.704

The adjusted variables for ED ROSC were age, sex, performance, witnesses, bystander cardiopulmonary resuscitation (CPR), bystander automated exter-
nal defibrillator (AED) use, mechanical compression, shockable rhythm, epinephrine, response time, on-scene time, transport time, and multiple airway 
attempts. The adjusted variables for survival to discharge and good neurologic outcome were age, sex, premorbid performance, witnesses, bystander 
CPR, bystander AED use, mechanical compression, epinephrine, response time, on-scene time, transport time, number of AA attempts, targeted tempera-
ture management supply, and extracorporeal membrane oxygenation supply.
OR, odds ratio; CI, confidence interval; ED, emergency department; ROSC, recovery of spontaneous circulation.

Table 4. Subgroup analysis for comparison by time to advanced airway (AA) according to the type of AA 

Time interval to AA 
(min) n (%)

SGA group (n=1,563) ETI group (n=524)
Crude OR  
(95% CI) p-value Adjusted OR 

(95% CI) p-value n (%) Crude OR  
(95% CI) p-value Adjusted OR 

(95% CI) p-value

ED ROSC 115 (100) 34 (100)
  ≤4 28 (24.3) Reference 6 (17.6)
  5–6 23 (20.0) 0.91 (0.52–1.62) 0.756 0.96 (0.52–1.77) 0.891 6 (17.6) 0.87 (0.27–2.79) 0.819 1.04 (0.30–3.54) 0.954
  7–9 31 (27.0) 1.13 (0.66–1.92) 0.653 1.25 (0.70–2.22) 0.455 11 (32.4) 1.44 (0.52–4.03) 0.486 2.06 (0.61–8.04) 0.210
  ≥10 33 (28.7) 0.92 (0.55–1.55) 0.753 1.11 (0.58–2.12) 0.756 11 (32.4) 1.37 (0.49–3.82) 0.549 2.21 (0.61–8.04) 0.227
Survival discharge 26 (100) 3 (100)
  ≤4 7 (26.9) Reference 1 (33.3)
  5–6 4 (15.4) 0.64 (0.18–2.19) 0.473 0.82 (0.21–3.18) 0.773 1 (33.3) 0.87 (0.05–14.08) 0.922 0.00 0.999
  7–9 4 (15.4) 0.57 (0.17–1.97) 0.378 0.48 (0.12–1.90) 0.297 0 (0) 0.00 0.996 0.00 0.996
  ≥10 11 (42.3) 1.23 (0.47–3.21) 0.668 1.90 (0.53–6.80) 0.323 1 (33.3) 0.72 (0.05–11.69) 0.819 0.00 0.998
Good neurologic  

outcome 
12 (100) 2 (100)

  ≤4 3 (25.0) Reference 1 (50.0)
  5–6 1 (8.3) 0.37 (0.04–3.59) 0.392 0.33 (0.02–4.47) 0.403 1 (50.0) 0.88 (0.05–14.21) 0.927 0.00 0.992
  7–9 3 (25.0) 1.01 (0.20–5.04) 0.990 0.54 (0.07–4.30) 0.558 0 (0) 0.00 0.996 0.00 0.994
  ≥10 5 (41.7) 1.31 (0.31–5.52) 0.712 0.77 (0.09–6.52) 0.814 0 (0) 0.00 0.996 0.00 0.997

The adjusted variables for ED ROSC were age, sex, performance, witnesses, bystander cardiopulmonary resuscitation (CPR), bystander automated exter-
nal defibrillator (AED) use, mechanical compression, shockable rhythm, epinephrine, response time, on-scene time, transport time, and multiple airway 
attempts. The adjusted variables for survival to discharge and good neurologic outcome were age, sex, performance, witnesses, bystander CPR, bystander 
AED use, mechanical compression, shockable rhythm, epinephrine, response time, on-scene time, transport time, multiple attempts to airway, targeted 
temperature management supply, and extracorporeal membrane oxygenation supply.
SGA, supraglottic airway; ETI, endotracheal intubation; OR, odds ratio; CI, confidence interval; ED, emergency department; ROSC, recovery of sponta-
neous circulation.
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in 15 minutes improved the 1-month survival rate [14]. Further-
more, another randomized controlled trial, the PART (Pragmatic 
Airway Resuscitation Trial), analyzed 2,146 patients with OHCA 
and found that AA timing was not associated with hospital dis-
charge survival [15]. In previous studies, the ideal AA timing was 
still unclear and debatable. The present study analyzed AA timing 
in > 2,000 patients with OHCA. To the best of our knowledge, 
this is the first data collection and analysis on the timing of AA in 
patients with OHCA in South Korea. We found that the timing of 
AA management through EMS in patients with OHCA at the pre-
hospital stage was not associated with survival to discharge, neuro-
logical prognosis, or ROSC in the hospital. 

AA management is used in urgent critical care, including for pa-
tients experiencing cardiopulmonary arrest, respiratory failure, and 
mental changes, with the aim of safe and rapid success. In hospital 
studies, because several attempts to establish ETI can lead to ad-
verse events, such as dental trauma, hypoxia, aspiration, cuff leak, 
laryngospasm, dysrhythmia, hypotension, and even cardiac arrest, 
FPS is considered important [16-18]. Although numerous adverse 
events can develop, another study showed that FPS was not associ-
ated with 30-day mortality in patients undergoing ETI for critical 
care in the prehospital phase [19]. In patients with OHCA, more 
AA attempts are associated with worse neurological prognosis [9]. 
Another study indicated that FPS of AA establishment, including 
the use of King laryngeal tubes and ETI, influenced ROSC but was 
not associated with other outcomes [8]. 

AA management requires a high degree of proficiency, imposing 
a heavy burden on EMS in performing AA management at sites 
outside hospitals that lack monitoring, medications, and person-
nel. The conditions for AA management are even worse for 
OHCA, and EMS must perform combined management for 
high-quality CPR, making AA management more burdensome. In 
particular, uncertainty over the timing of AA management and lack 
of confidence in the success of the first AA attempt are major lim-
itations for EMS in administering AA management to patients 
with OHCA. However, according to our study, the timing and 
number of attempts at AA are not related to the patient’s prognosis, 
so there is no need to fear and be burdened by the difficulty of AA 
treatment, and there is no need to rush to quickly establish AA on 
the scene. We recommend that AA management be performed 
smoothly after high-quality chest compressions and defibrillation 
with shockable rhythms are prioritized in patients with OHCA in 
the field. 

Our study has several limitations. First, the results were based on 
a retrospective analysis of an OHCA registry, EMS run sheets, and 
the medical records of EDs in Daegu. Thus, the study was limited 
by possible biases intrinsic to such a design. Second, although the 

study area was a metropolitan city in South Korea, the results of an 
EMS system targeting only one area may not be valid for other ex-
ternal EMS systems. Third, this study only included patients who 
underwent AA and excluded those who did not. 

The timing of AA was not associated with ROSC, survival to 
hospital discharge, or neurological outcomes. Furthermore, the 
presence or absence of first-attempt success was not associated 
with any outcomes. 
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