
Original Contribution

Prehospital endotracheal intubation and survival after out-of-hospital
cardiac arrest: results from the Korean nationwide registry☆,☆☆

Kyung Kang, MD a,c, Taeyun Kim, MD a,c,⁎, Young Sun Ro, MD b,c, Yu Jin Kim, MD a,c,
Kyung Jun Song, MD b,c, Sang Do Shin, MD b,c

a Dept. of Emergency Medicine, Seoul National University Bundang Hospital, 166 Gumi-ro Bundang-gu, Seongnam 463-707, Republic of Korea
b Dept. of Emergency Medicine, Seoul National University Hospital, 101 Daehak-ro Jongno-gu, Seoul 110-744, Republic of Korea
c Biomedical Research Institute, Seoul National University Hospital,101 Daehak-ro Jongno-gu, Seoul 110-744, Republic of Korea

a b s t r a c ta r t i c l e i n f o

Article history:
Received 8 August 2015
Received in revised form 22 September 2015
Accepted 22 September 2015

Purpose:Optimal out-of-hospital cardiac arrest (OHCA) airwaymanagement strategies are still controversial. Re-
cent studies reported survival was higher among patients who received bag-valve-mask (BVM) than those re-
ceiving endotracheal intubation (ETI) or supraglottic airway (SGA). The aim of this study was to compare
neurologically favorable survival outcomes among adult nontraumatic OHCA patients by prehospital airway.
Methods: We used the Korean nationwide OHCA cohort database from 2010 to 2013. The inclusion criteria were all
OHCA adults with presumed cardiac etiology, resuscitated by level-1 emergency medical technician. Patients were ex-
cluded if their information about themethod of prehospital airway or clinical outcomes at hospital discharge could not
be captured. The primary outcome was neurologically favorable survival to discharge. We compared the outcomes
among3groups (ETI, SGA, orBVM)byprehospital airwayusingmultivariable logistic regressionwith interactionmodel.
Results:Of 98896 patients with OHCA, 32513 were included in analysis. Patients receiving BVMwere 29684 and
2829 underwent advanced airwaymanagement including 1634with SGA and 1195with ETI. The odds of neuro-
logically favorable survival to discharge was significantly higher in the ETI group compared to the BVM group
(adjusted OR, 1.405; 95% CI, 1.1001-1.971). In the interaction model by witnessed status, the effect of ETI on
good clinical outcomes was shown only in the patients whose arrest was unwitnessed.
Conclusion: In this Korean nationwide, population-based OHCA cohort, neurologically favorable survival to hos-
pital discharge rates was significantly higher among patients who received ETI than those receiving BVM or SGA.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Endotracheal intubation (ETI) has long been considered the optimal
method for airway management during cardiopulmonary resuscitation
(CPR). Although some studies have reported that out-of-hospital cardiac ar-
rest (OHCA) patients who receive ETI have a significantly higher chance of
surviving to hospital admission than those who do not [1,2], recent large-
scale studies have reported that both ETI and supraglottic airway (SGA) in-
sertion are associatedwith a reducedprobability of neurologically favorable
survival compared with conventional bag-mask ventilation (BVM) [3–6].

Despite this evidence, the optimal prehospital airway strategy for
OHCA patients is still under debate. Few data exist in support of the

routine use of any specific approach to airwaymanagement during cardi-
ac arrest. The optimal technique is dependent on the competence of the
rescuer, the precise circumstances of the cardiac arrest, the patient’s con-
dition, and the characteristics of the emergencymedical service (EMS) or
health care system [7,8]. In the United States, ETI is themost common air-
way intervention; however, most Asian countries have a single-tiered
EMS system, and less than 10% of OHCA patients receive ETI by emergen-
cy medical technicians (EMTs) in the prehospital setting [9,10].

The aim of this study was to compare neurologically favorable survival
outcomes among adult nontraumatic OHCA patients in the Korean nation-
wide OHCA cohort database according to the prehospital airway manage-
ment technique used (ETI, SGA, and BVM). In addition, we aimed to
investigate whether an interactive effect of airway management technique
on survival outcomewas present among patientswith orwithout awitness.

2. Methods

2.1. Study design

This study was a population-based, retrospective cohort study ap-
proved by the institutional review board of the study hospital, and
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informed consent was waived. We conducted secondary analysis of the
cardiovascular disease surveillance (CAVAS) database.

2.2. Data source

TheCAVASproject began in 2006, and itwas conductedby theMinistry
of Health andWelfare in collaborationwith the National EmergencyMan-
agement Agency (NEMA) and the Korean Centers for Disease Control and
Prevention to improve the outcomeof cardiovascular disease inKorea. The
CAVAS database consists of 3 disease entities, including acute myocardial
infarction, acute stroke, and a nationwide EMS-assessed OHCA cohort
thatwas obtained fromEMS run sheets for demographic andUtstein infor-
mation. After acquiring this information for the OHCA cohort from the da-
tabase, a hospital medical record reviewwas performed to assess hospital
resuscitation and postresuscitation care and clinical outcomes.

All patient information from EMS run sheets is inputted by EMTs im-
mediately after the transport of OHCA patients, and it is stored in the
NEMAelectronic server. Hospitalmedical records are reviewed and cap-
tured by experts from the Korean Centers for Disease Control and Pre-
vention using a structured survey form. All of the items, including the
definitions, inclusion and exclusion criteria, examples, and warnings,
are defined in themedical record reviewguidelines andwere developed
by the project qualitymanagement committee (QMC). TheQMC is com-
posed of emergency physicians, epidemiologists, statistical experts, car-
diologists, and medical record review experts.

2.3. Study setting

TheKoreanEMS system is a single-tiered, government-based system
operated by 16 provincial headquarters of theNational FireDepartment,
covering a population of approximately 50 million. Ambulance person-
nel cannot declare death at the scene or terminate CPR unless return of
spontaneous circulation (ROSC) occurs. Thus, all patientswith OHCA are
transported to an emergency department (ED). EMTs in Korea are clas-
sified into 2 levels: level-1 and level-2 EMTs (comparable to EMT-
intermediate and EMT-basic in the United States, respectively). Provi-
sion of prehospital advanced airway management and administration
of limited medications, such as epinephrine or atropine, are only to be
performed by level-1 EMTs under direct or indirect medical control.

According to the Emergency Medical Service Act, level-1 EMTs
should have graduated from an EMT school (a 3- to 4-year curriculum)
of a university or college and have passed a national certification exam-
ination composed of written and skills tests. The curriculum of the EMT
school for advanced airway management should include 6 courses and
147 hours of education, with lectures and skill laboratories. After pass-
ing the national certification examination, certified level-1 EMTs can
apply for the Fire Service Academy during recruitment.

The Fire Service Academy provides class or distance learning to all re-
cruited EMTs. A life-saving technique course, including advanced airway
management, is provided for EMTs' skill enhancement by the national
Fire Service Academy or the nineteen provincial academies. To maintain
knowledge and skills, continuing medical education comprising a 4-hour
didactic session every year and a 2-month comprehensive clinical training
course held at an ED every 4 years are mandatory. Level-1 EMTs must
abide by the NEMA’s internal regulation, which states that 1 attempt
should be performed within a single 30-second duration, and up to 2
total advanced airway management attempts can be made on the scene.

Ambulance crews are usually composed of 3 members (level-1 and
level-2 EMTs and a first-responder) in most metropolitan provinces,
whereas 2 members (a level-1 or level-2 EMT and a first-responder)
are on board in some rural provinces. In Korea, all EDs are designated
as level 1, 2, or 3 by the government, with the level designation being
based on the human resources, intensive care units, instruments, and
equipment available at each ED. Level-1 (n = 19) and level-2 (n =
110) EDs have more resources and better facilities for emergency care

and must be covered by emergency physicians 24 hours a day. All EDs
are subject to annual evaluation by the government audit committee.

2.4. Study population

The data were extracted between January 2010 and December 2013.
The inclusion criteria were all OHCA adults older than 18 years old with a
presumedcardiac etiologywhowere resuscitatedbya level-1EMT. Patients
were excluded if information about themethod of prehospital airwayman-
agement or the clinical outcomes at discharge could not be obtained.

The etiology of cardiac arrest was identified by medical record re-
views, and we excluded cases with a primary noncardiac etiology. We
assumed the primary cardiac etiology if there was no description of a
definite noncardiac etiology, such as trauma (mainly motor vehicle ac-
cidents and falls from height), exsanguination, drowning, poisoning,
burns, asphyxia, or hanging, in the medical records.

2.5. Outcomes and variables

The primary outcomewasneurologically favorable survival to hospi-
tal discharge, defined a priori as a Glasgow-Pittsburgh cerebral perfor-
mance category (CPC) of 1 or 2 [11], and the secondary outcome was
survival to hospital discharge. The CPC score was determined by the
medical record reviewers based on the discharge summary or docu-
mentation in the medical records.

The main exposure variable was the airway management technique
performed by EMTs, classified as ETI, SGA, or BVM. The selection of the air-
waymanagement techniquewas completely dependent on the preference
of the level-1 EMT at the scene.We used the Utstein-defined co-variables,
including gender, age, witnessed status, bystander CPR, initial electrocar-
diogram rhythm, prehospital defibrillation, arrest location, elapsed time
interval from call to ambulance arrival at the scene (EMS response time),
elapsed time interval from arrival at the scene to departure (EMS on-
scene time), elapsed time interval from departure to arrival at the ED
(EMS transport time), and prehospital ROSC. In addition,we added the fol-
lowing co-variables: the level of the ED (level 1-3) to adjust for ED perfor-
mance and community urbanization (metropolitan or not) to adjust for
geographical variations in community performance and resources.

2.6. Statistical analysis

We compared the patient demographics, arrest characteristics and
EMS time intervals among those receiving ETI, SGA or BVM using the
χ2 test, 1-way analysis of variance or the 1-way Kruskal-Wallis test,
as appropriate.

Afterward, we compared the outcomes among the 3 groups accord-
ing to the airway management methods used. Multivariable logistic re-
gression analyses were conducted to estimate the effect sizes of the
prehospital airway management techniques on survival to discharge
and good neurologic outcome and to calculate the adjusted odds ratios
(ORs) and 95% confidence intervals (CIs) after adjusting for the poten-
tial confounders (the 13 co-variables mentioned above).

Finally, we applied interaction terms for airway management tech-
nique and witnessed status to the multivariable logistic regression
model to estimate the effects of the airway management techniques ac-
cording to the witnessed status on the primary and secondary outcomes.
If an interactive effect was detected between an airway management
technique and witnessed status, then the adjusted ORs for the airway
management technique on the study outcomes differed between the pa-
tients with or without a witness. All statistical analyses were performed
using SAS-version 9.4 software (SAS institute Inc, Cary, NC, USA).

3. Results

During the study period, 98896 patients with OHCA were detected
in the CAVAS OHCA database. We excluded 2475 children younger
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