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Objective To investigate variations in the effects of prehospital advanced airway management
(AAM) on outcomes of out-of-hospital cardiac arrest (OHCA) patients according to regional
emergency medical service (EMS) systems in four Asian cities.

Methods We enrolled adult patients with EMS-treated OHCA of presumed cardiac origin be-
tween 2012 and 2014 from Osaka (Japan), Seoul (Republic of Korea), Singapore (Singapore), and
Taipei (Taiwan). The main exposure variable was prehospital AAM. The primary endpoint was
neurological recovery. We compared outcomes between the prehospital AAM and non-AAM
groups using multivariable logistic regression with an interaction term between prehospital
AAM and the four Asian cities.

Results A total of 16,510 patients were included in the final analyses. The rates of prehospital
AAM varied among Osaka, Seoul, Singapore, and Taipei (65.0%, 19.2%, 84.9%, and 34.1%, re-
spectively). The non-AAM group showed better outcomes than the AAM group (adjusted odds
ratio [aOR] for neurological recovery 0.30; 95% confidence interval [Cl], 0.24-0.38]). In the in-
teraction model for neurological recovery, the aORs for AAM in Osaka and Singapore were 0.12
(95% Cl, 0.06-0.26) and 0.21 (95% Cl, 0.16-0.28), respectively. In Seoul and Taipei, the associa-
tion between prehospital AAM and neurological recovery was not significant (aOR 0.58 [95% Cl,
0.31-1.10] and 0.79 [95% Cl, 0.52-1.20], respectively). The interaction between prehospital
AAM and region was significant (P=0.01).

Conclusion The effects of prehospital AAM on outcomes of OHCA patients differed according to
regional variability in the EMS systems.
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Variability in the effect of prehospital AAM

What is already known

Capsule
Summary

What is new in the current study

diac arrest.

The effects of prehospital advanced airway management (AAM) on outcomes of patients with out-of-hospital cardiac
arrest is controversial. The multifaceted, unmeasured factors such as the timing of prehospital AAM or the proficiency
of emergency medical service personnel lead to inconsistent effects of prehospital AAM.

There was regional variation in the effects of prehospital AAM on outcomes among patients with out-of-hospital car-

INTRODUCTION

Sudden cardiac arrest is a major cause of death worldwide. In the
United States, 38 people experience out-of-hospital cardiac ar-
rest (OHCA) every hour.' Although the outcomes of patients with
OHCA have improved in recent decades due to the continuous
efforts of emergency medical services (EMSs) in enhancing the
“chain of survival," regional variability exists in the rates of sur-
vival and favorable neurological outcomes.?

Advanced airway management (AAM) is crucial for oxygen de-
livery in patients with OHCA. However, recent studies have shown
conflicting effects of prehospital AAM on outcomes.** These in-
consistent effects could be attributed to multifaceted, unmea-
sured factors such as timing of prehospital AAM or the proficien-
cy of EMS personnel. In prehospital settings, it is challenging to
measure and document the exact time of prehospital AAM per-
formance. The definitions of proficiency levels in prehospital AAM
also remain controversial.

To evaluate the comprehensive effects of unmeasured prehos-
pital factors, the regional EMS system can be used as a unit of
analysis.® The effects of AAM may vary by regional EMS system
due to differences in the AAM protocols or proficiency levels of
EMS providers.® Gaining a better understanding of regional vari-
ability and its effects on AAM may aid EMS directors and stake-
holders in the development of prehospital AAM protocols and
training programs that are optimized for individual regional EMS
systems. Qbtaining further information on this variability may
also inform the magnitude of opportunities for region-wide out-
come improvements in patients with OHCA.

This study investigated and compared the effects of prehospi-
tal AAM on outcomes within four different regional EMS systems.
We hypothesized that the effect of prehospital AAM is constant
across regional EMS systems.
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METHODS

Study design and setting

This study was a secondary analysis of data from a prospective
observational study of OHCA patients in four cities: Osaka (Japan),
Seoul (Republic of Korea), Singapore (Singapore), and Taipei (Tai-
wan). We used data from the Pan-Asian Resuscitation Outcomes
Study (PAROS) clinical research network.”

The EMS systems of the four Asian cities covered metropolitan
cities with populations ranging from 2.5 (Osaka) to 9.9 (Seoul)
million people. All four EMS systems were tax-based and operated
by fire departments. The EMS systems varied between the study
regions. Two EMS systems are single-tiered, while the Singapore
and Taipei EMS systems are multi-tiered. The highest emergency
medicine technician (EMT) level in three regions is equivalent to
EMT-intermediate (EMT-I) level in the United States. In Taipei
city, paramedics constitute the highest service level of EMTs2 In
addition, the prehospital AAM protocols also vary between the
cities. In two regions (Osaka and Seoul), an EMT-I can perform
endotracheal intubation (ETI) or supra-glottic airway (SGA) under
direct medical oversight. In Singapore, an EMT-I can only perform
SGA under indirect medical oversight. In Taipei city, paramedics
can perform both ETl and SGA without online medical control.

The annual incidence of EMS-treated OHCA per 100,000 per-
sons ranged from 47.4 (Singapore) to 87.1 (Osaka).>'® The highest
rate of survival to discharge and neurologic recovery was demon-
strated in Seoul (9.9% and 3.7%, respectively).?

Data source

The PAROS was established in 2009 with the aim of understand-
ing the OHCA epidemiology in Asia. The goal of the PAROS is to
develop and implement widespread community-based and sys-
temic efforts to improve patient outcomes. EMS-treated OHCA
cases involving individuals of all ages were captured regardless of

www.ceemjournal.org
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the etiology of cardiac arrest (presumed cardiac and non-cardiac
etiology). In Singapore and Thailand, non-EMS-treated OHCA
cases that presented to the emergency department (ED) were
also enrolled in the PAROS dataset. Further details and informa-
tion on the data quality management processes used in the
PAROS project have been presented elsewhere.

Study population
We included adult (aged over 18 years) patients with EMS-treat-
ed OHCA of presumed cardiac origin in Osaka, Seoul, Singapore,
and Taipei, who were entered in the PAROS registry between
2012 and 2014. We excluded patients in whom the OHCA was
witnessed by EMS personnel and those with unknown informa-
tion on prehospital AAM performance and outcomes. Cardiopul-
monary resuscitation (CPR) was not initiated in all the participat-
ing sites if obvious signs of death are observed in prehospital set-
tings. An obvious sign of death was defined as the presence of
decapitation, rigor mortis, dependent lividity, and “do not attempt
resuscitation (DNR)" orders; patients with obvious signs of death
in prehospital settings were excluded from the PAROS dataset.
DNR orders are valid in both hospital and prehospital settings in
Seoul, Singapore, and Taipei; in Osaka, DNR orders are only valid
in hospital settings. Termination of resuscitation was not allowed
in all four regional EMS systems."

This study was approved by all the institutional review boards
of the participating study sites. The need for informed consent
was waived.

Data collection and variables

The registry included data on the OHCA patients' socio-demo-
graphic characteristics, as well as EMS and ED information based

27,375 Patients with OHCA in four cities

18,896 EMS-treated adult patients with presumed

cardiac origin

16,510 Eligible patients in final analysis

CEEM

on the Utstein template, such as circumstances of the OHCA
(witness status, bystander CPR), electrocardiogram (ECG) rhythm
at cardiac arrest, EMS time intervals, emergency care provided by
EMSs and in the ED, and patient outcomes.' The initial ECG
rhythm at cardiac arrest was assessed by EMS providers and was
classified as shockable (ventricular fibrillation and pulseless ven-
tricular tachycardia), non-shockable (asystole, pulseless electrical
activity and severe bradycardia in pediatric patients), and un-
known. The EMS time intervals included EMS response time and
EMS scene time intervals. The EMS response interval was defined
as the duration from call to arrival at the scene. The EMS scene
time interval was defined as the duration from arrival at the
scene to departure. We collected information on the prehospital
care provided by the EMS, including airway management. PAROS
data included those on hospital care, such as use of targeted
temperature management, percutaneous coronary intervention,
and extracorporeal membrane oxygenation.

The primary exposure was prehospital AAM, which included all
the AAM methods used. We defined AAM as an invasive technique
used for airway management, including ETI and all types of SGA.
The non-AAM group included patients who underwent a non-in-
vasive technique for airway management, such as use of a bag
valve mask, with or without the inclusion of the nasopharyngeal
and/or oropharyngeal airways. The primary outcome was neuro-
logical recovery at hospital discharge or 30 days after OHCA. Neu-
rologic recovery was defined as a Cerebral Performance Category
score of 1 or 2 at discharge.” A score of 1 indicates mild neuro-
logic deficit or its absence; 2, moderate cerebral disability; 3, se-
vere cerebral disability; 4, coma or vegetative state; and 5, brain
death. The secondary outcome was survival to discharge.

* 65 Patients who were not treated by EMS

* 8,264 Patients without presumed cardiac
origin

* 150 Patients who were under 18 years old

* 1,347 Patients who were witnessed cardiac
arrest by EMS

* 1,039 Unknown information of prehospital
airway management

Fig. 1. Flow chart of patient selection and exclusion from the analysis. OHCA, out-of-hospital cardiac arrest; EMS, emergency medical service.

Clin Exp Emerg Med 2020;7(2):95-106
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Statistical analysis
The demographic findings and outcomes based on prehospital
AAM in the four Asian cities were described. Continuous data
were reported as medians and interquartile range (IQR) and cate-
gorical variables as counts and percentages. Two-sided tests were
conducted and P<0.05 was considered statistically significant.
Backward, stepwise multivariable logistic regression analyses
were conducted to estimate the effect of prehospital AAM on
outcomes. A significance level of 0.1 was required for a variable
to remain in the model. The adjusted odds ratios (aORs) and 95%
confidence intervals (Cls) were calculated after adjusting for po-
tential risk factors, such as Utstein variables (age, sex, witness
status, bystander CPR, EMS response time, EMS scene time, and
prehospital ECG rhythm [shockable vs. non-shockable]), as co-

Variability in the effect of prehospital AAM

variates. The interactions between prehospital AAM and regional
EMS systems that performed prehospital AAM for the effect on
outcomes were tested to compare the effect size of prehospital
AAM, adjusting for the same co-variables.

RESULTS

A total of 18,896 adult patients with OHCA of presumed cardiac
origin were enrolled in the PAROS registry from the four Asian
cities. After the exclusion of 1,347 (7.1%) patients with OHCA
witnessed by EMS providers and 1,039 (5.5%) of those with un-
known information on prehospital airway management, the final
analysis included 16,510 patients (Fig. 1).

Table 1 shows the patient characteristics based on prehospital

Table 1. Characteristics of patients with out-of-hospital cardiac arrest according to prehospital advanced airway use

EMS advanced airway management

P-value
All (n=16,510) No (n=7,990) Yes (n=8,520)
Age (yr) 0.34
265 11,528 5,518 (69) 6,010 (71)
Sex 0.23
Male 10,266 4,967 (62) 5,299 (62)
Regional EMS system <0.05
Osaka 8,055 2,821 (35) 5,234 (61)
Seoul 4,277 3,455 (43) 822 (10)
Singapore 2,046 308 (4) 1,738 (20)
Taipei 2,132 1,406 (18) 726 (9)
Witnessed status <0.05
Yes 6,510 2,950 (37) 3,560 (42)
Bystander CPR <0.05
Yes 6,302 2,979 (37) 3,323 (39)
Initial ECG rhythm <0.05
Shockable 2,508 1,227 (15) 1,281 (15)
Non-shockable 13,483 6,336 (79) 7,147 (84)
Unknown 519 427 (5) 92 (1)
Prehospital epinephrine <0.05
Yes 2,402 332 (4.1) 2,070 (24.3)
EMS response time interval 6.0 6.0 (5-8) 6.0 (5-8) <0.05
EMS scene time interval 12.8 10.0 (7-14) 15.0 (11-18.6) <0.05
EMS transport time interval 6.0 6.0 (4-8) 7.0 (4.57-10) <0.05
Post-resuscitation care?
PCI (yes) 179 105 (1.3) 74 (0.9) <0.05
TTM (yes) 352 263 (3.3) 89 (1.0) <0.05
ECLS (yes) 58 48 (0.6) 10 (0.1) <0.05
Outcomes
Survival to discharge 1,130 698 (8.7) 432 (5.1) <0.05
Neurological recovery 560 392 (4.9) 168 (2.0) <0.05

Values are presented as number, number (%), or median (interquartile range).

EMS, emergency medical services; CPR, cardiopulmonary resuscitation; ECG, electrocardiography; PCl, percutaneous coronary intervention; TTM, targeted temperature

management; ECLS, extracorporeal life support.
Data of post-resuscitation cares was not available in Osaka and Taipei.
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AAM. Prehospital AAM was performed in 52% of the patients.
The rate of prehospital AAM differed significantly across the four
regional EMS systems. More than half of the patients with OHCA
in Singapore (84%) and Osaka (65%) received prehospital AAM.
However, the frequencies of prehospital AAM were relatively low
in Taipei (34.1%) and Seoul (19.2%). Significant differences in the
patients' characteristics and outcomes were observed based on
prehospital AAM. The scene time interval was significantly longer
in the AAM group than the non-AAM group (median time inter-
val 10 minutes [IQR, 7-14] vs. 15 minutes [IQR, 11-18.5]). The
non-AAM group showed better neurological recovery rates than
the AAM group (4.9% vs. 2.0%, P<0.01).

Table 2 shows the characteristics of patients with OHCA ac-
cording to the four regional EMS systems. The rates of prehospital

CEEM

AAM differed considerably between each site, from 19.2% to
84%. The neurological recovery rates associated with OHCA also
varied, from 1.6% to 3.8%.

After adjusting for potential covariates, patients who received
prehospital AAM had lower odds of neurological recovery (aOR
0.30 [95% Cl, 0.24-0.38]). A similar result was observed for sur-
vival to discharge (aOR 0.58 [95% Cl, 0.50-0.648]). When the re-
gion with the poorest outcomes was used as a reference, the
highest aORs of neurological recovery and survival to discharge
were observed in Osaka (aOR 3.95 [95% Cl, 2.64-5.90] and 4.51
[95% Cl, 3.36-6.05] respectively) (Table 3).

In the interaction model for outcomes, the aORs for prehospi-
tal AAM on outcomes differed according to region (Table 4). In
Osaka and Singapore, prehospital AAM showed low aORs for neu-

Table 2. Characteristics of patients with out-of-hospital cardiac arrest according to regional emergency medical services system

Regional EMS systems

Osaka (n=8,055) Seoul (n=4,277) Singapore (n=2,046) Taiwan (n=2,132) Prvalue
Age (yr) <0.05
265 6,360 (79.0) 2,595 (60.7) 1,060 (51.8) 1,513 (71.0)
Sex <0.05
Male 4,606 (57.2) 2,865 (67.0) 1,413 (69.1) 1,382 (64.8)
EMS AAM <0.05
Yes 5,234 (65.0) 822 (19.2) 1738 (84.9) 726 (34.1)
Type of EMS AAM <0.05
Supraglottic airway 3,016 (37.5) 704 (16.4) 1,726 (84.3) 403 (18.9)
Endotrachial intubation 2,218 (27.5) 118 (2.8) 12 (0.6) 323(15.2)
Witnessed, <0.05
Yes 2,915 (36.2) 2,021 (47.3) 1,095 (53.5) 479 (22.5)
Bystander CPR <0.05
Yes 3,593 (44.6) 1,747 (40.8) 495 (24.2) 467 (21.9)
Prehospital epinephrine <0.05
Yes 922 (11.4) 0(0.0) 1,049 (51.3) 431(20.2)
Initial ECG rhythm <0.05
shockable 868 (10.8) 905 (21.2) 482 (23.6) 253 (11.9)
Non-shockable 7,166 (89.0) 3,076 (71.9) 1,563 (76.4) 1,678 (78.7)
Unknown 21(0.3) 296 (6.9) 1(0.0) 201 (9.4)
EMS response time interval (min) 6 (5-8) 6 (5-7) 7.9 (6-10.4) 5(4-7) <0.05
EMS scene time interval (min) 14 (11-19) 7 (5-10) 14 (11.6-17) 14 (11-17) <0.05
EMS transport time interval (min) 6 (4-9) 6 (5-9) 9.9 (7-13.58) 4 (3-5) <0.05
Post-resuscitation cares”
PCI (yes) NA 122 (2.9) 57 (2.8) NA
TTM (yes) NA 336 (7.9) 16 (0.8) NA
ECLS (yes) NA 57 (1.3) 1(0.05) NA
Outcomes
Survival to discharge 545 (6.8) 386 (9.0) 60 (2.9) 139 (6.5) <0.05
Neurological recovery 301 (3.7) 163 (3.8) 32(1.6) 64 (3.0) <0.05

Values are presented as number (%) or median (interquartile range).

EMS, emergency medical services; AAM, advanced airway management; CPR, cardiopulmonary resuscitation; ECG, electrocardiography; PCl, percutaneous coronary inter-
vention; NA, not available; TTM, targeted temperature management; ECLS, extracorporeal life support.

“Data on post-resuscitation care was not available in Osaka and Taipei.

Clin Exp Emerg Med 2020;7(2):95-106
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Table 3. Multivariable analysis for the effects of prehospital advanced airway management and regional EMS systems on outcomes

Unadjusted Adjusted
Total Outcomes
OR 95% Cl OR 95% Cl
Survival to discharge

Prehospital advanced airway management?”

No 7,990 698 (8.7) 1.00 1.00

Yes 8,520 432 (5.1) 0.56 0.49-0.63 0.58 0.50-0.68
Regional EMS system®

Singapore 2,046 60 (2.9) 1.00 1.00

Taipei 2,132 139 (6.5) 2.31 1.69-3.14 3.42 2.42-4.84

Osaka 8,055 545 (6.8) 2.40 1.83-3.15 4.51 3.36-6.05

Seoul 4,277 386 (9.0) 3.28 2.49-4.33 224 1.63-3.09

Neurological recovery

Prehospital advanced airway management?

No 7,990 392 (4.9) 1.00 1.00

Yes 8,520 168 (2.0) 0.39 0.33-0.47 0.30 0.24-0.38
Regional EMS system®

Singapore 2,046 32(1.6) 1.00 1.00

Taipei 2,132 64 (3.0) 1.95 1.27-2.99 1.96 1.21-3.18

Osaka 8,055 301 (3.7) 2.44 1.69-3.53 3.95 2.64-5.90

Seoul 4,277 163 (3.8) 2.49 1.70-3.66 1.00 0.64-1.56

Values are presented as number or number (%).
EMS, emergency medical services; OR, odds ratio; Cl, confidence interval.

JAdjusted to city, sex, age, witness arrest, bystander cardiopulmonary electrocardiography, response time interval, scene time interval. "Adjusted to EMS advanced airway
management, sex, age, witness arrest, bystander cardiopulmonary resuscitation, initial electrocardiography, response time interval, scene time interval.

Table 4. Effects of prehospital advanced airway management on out-
comes in interaction model with regional emergency medical services
systems

Outcomes Adjusted OR 95% Cl
Survival to discharge
Interaction AAM(-) 1
Singapore AAM(+) 0.31 0.17-0.58
Taipei AAM(+) 1.04 0.69-1.55
Osaka AAM(+) 0.43 0.35-0.52
Seoul AAM(+) 0.99 0.75-1.30
Neurological recovery
Interaction AAM(-) 1
Singapore AAM(+) 0.12 0.06-0.26
Taipei AAM(+) 0.58 0.31-1.10
Osaka AAM(+) 0.21 0.16-0.28
Seoul AAM(+) 0.79 0.52-1.20

OR, odds ratio; Cl, confidence interval; AAM, advanced airway management.

rologic recovery (aOR 0.12 [95% Cl, 0.06-0.26] and 0.21 [95% Cl,
0.16-0.28], respectively). In contrast, there were no significant
associations between prehospital AAM and neurologic recovery
(aOR 0.58 [95% Cl, 0.31-1.10] and 0.79 [95% Cl, 0.52-1.20]) in
Taipei and Seoul. The effect of prehospital AAM on survival across
the regions was similar to that observed for survival to discharge
(Table 3).
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DISCUSSION

This study aimed to assess regional variations in prehospital AAM
use and its effects across four Asian EMS systems. This study
highlighted that the effect of prehospital AAM on outcomes var-
ied according to regional EMS systems.

The results of the present study showed the presence of region-
al variations in prehospital AAM across Asian EMS systems. The
highest proportion of prehospital AAM was more than four times
that observed in the region with the lowest proportion. Until re-
cently, regional variations in prehospital AAM did not attract the
attention of researchers as, in the United States, more than 80%
of OHCA patients received prehospital AAM during the past de-
cades." As EMS systems have evolved in countries other than
those in the West, regional variability in prehospital AAM has also
been observed. As regional EMS systems have different infrastruc-
tures, each agency should establish an individual strategy for pre-
hospital AAM training and continuous quality assurance. Beyond
benchmarking, scientific evidence is also required to provide de-
tails for the formulation of protocols for each regional EMS system.

The main result of this study was the observation that regional
EMS systems modified the prehospital AAM effect on outcomes
of patients with OHCA. Previously, associations between prehos-
pital AAM and outcomes of patients with OHCA were observed in

www.ceemjournal.org
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several regions.'*"® Those results are similar to ours. Several na-
tionwide retrospective observational studies in Japan have re-
ported that prehospital AAM is associated with poor outcomes.'
In a Korean nationwide retrospective cohort study, prehospital ETl
was not associated with survival.'®

The mechanisms of the observed regional variability in the ef-
fects of prehospital AAM are not clear. Several factors may con-
tribute to these variations: type of AAM; process of AAM; and
unmeasured factors, such as proficiency of EMS providers and
teamwork among prehospital care providers. There is controversy
surrounding the effects of prehospital AAM according to AAM
types. A previous meta-analysis of randomized controlled trials
(RCTs) reported no significant differences in survival and neuro-
logic outcomes between ETI and SGA."” In this study, the propor-
tion of SGA use was relatively high in Seoul (85.6%) and Singa-
pore (96.8%) among patients who received prehospital AAM.
However, the effects of prehospital AAM in each region were dif-
ferent. Therefore, regional variations in the effects of prehospital
AAM could not be explained by the type of prehospital AAM in
each region. In the provision of prehospital AAM, timing is cru-
cial. A recent study reported that early prehospital AAM provision
was associated with neurological recovery in patients with OHCA.
In their observational study, Izawa et al."® reported resuscitation
time bias in early return of spontaneous circulation as a limita-
tion. Another recent RCT did not include information on the tim-
ing of prehospital AAM." The optimal timing for prehospital AAM
remains controversial. Although we did not include information
on the exact timing of prehospital AAM from PAROS data, we
conducted sensitivity analyses for scene time interval. The on-
scene CPR durations limited by the regional EMS protocols for
patients with non-traumatic OHCA are 4 minutes in Osaka and 2
minutes in Singapore and Taipei.”® In Seoul, the duration of on-
scene CPR varies according to response time," and the timing of
prehospital AAM is recommended prior to departure. The EMS
protocols in the other three regions did not include recommenda-
tions for the timing of prehospital AAM. When patients achieve
early prehospital return of spontaneous circulation, providers may
not perform prehospital AAM; thus, the scene time of these pa-
tients may be short. This could have resulted in better outcomes in
the prehospital non-AAM group. To overcome selection bias, we
conducted sensitivity analyses that excluded patients with scene
time intervals shorter than 8 minutes. The results of the sensitivity
analysis were similar to those of the entire analysis, and demon-
strated similar patterns (Appendices 1, 2). After the exclusion of
patients with scene time intervals shorter than 8 minutes, pre-
hospital AAM was negatively associated with neurologic recovery
and survival to discharge (aOR 0.25 [95% Cl, 0.20-0.33] and 0.53

Clin Exp Emerg Med 2020;7(2):95-106
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[950% ClI, 0.44-0.63], respectively) (Appendix 3). The interaction
effects between region and prehospital AAM on outcomes were
similar to those of the entire analysis (Appendix 4). Therefore, the
effects of bias due to variation in scene time interval were likely
insignificant.

Other mechanisms behind this effect may include differences
in the proficiency of providers in regional EMS systems. One rea-
son for the various levels of proficiency in the performance of
prehospital AAM across regional EMS systems is that the EMS
providers in each system have different amounts of prehospital
AAM-related experience. A recent meta-analysis reported that
the success rate of ETlI was associated with the number of ETls
previously performed by the EMS personnel.
reported increased survival rates when providers had high expo-

The authors also

sure to ETI performance. In addition to the number of prehospital
AAM cases, other factors associated with provider proficiency
should be considered. As it is easier to perform SGA than ETI, pro-
ficiency in the former may not be a critical consideration. How-
ever, dislodging of the airway device is among the complications
associated with SGA; thus, the concept of proficiency in AAM
should be extended to post-procedural monitoring. Another un-
measured factor is teamwork among EMS providers during pre-
hospital CPR. Previous studies have reported that teamwork dur-
ing CPR is associated with the quality of CPR, including that of
the chest compression fraction.?’ Teamwork is also associated
with the outcomes of patients with OHCA?> An association be-
tween ETI and significant interruptions in chest compression per-
formance has been demonstrated.”® Prehospital AAM without
sufficient teamwork may contribute to increased rates of unnec-
essary interruption in chest compression performance.

This study has several limitations. First, we could not include
data on the complications associated with prehospital AAM such
as esophageal intubation. A recent RCT revealed that complica-
tions such as failure of ventilation and gastric regurgitation oc-
curred significantly more frequently in the bag valve mask group
than the ETI group.” Second, no data on the prehospital AAM
process were available in the PAROS dataset. The level of EMS
providers involved in the performance of prehospital AAM and
the number of attempts required for AAM insertion could influ-
ence the effects of prehospital AAM. Finally, residual bias may
exist. It is challenging to determine whether the difference in the
effects of prehospital AAM across the four cities was due to pop-
ulation characteristic-related differences (such as those pertain-
ing to underlying disease) or differences in the EMS systems and
prehospital care (resuscitation team and defibrillation energy),
post-resuscitation care (targeted temperature management, per-
cutaneous coronary intervention, and extracorporeal membrane
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oxygenation), and inhospital care (total CPR duration, length of
intensive care unit stay, and number of ventilator-free days).
However, we adjusted for the patients' demographic factors (such
as age) and prehospital care provided (bystander CPR, initial ECG
rhythm, etc.).

In summary, this study, which used data from an international
database, showed that the effects of prehospital AAM on out-
comes of OHCA patients differed according to variability in the
individual EMS systems of the respective regions. To the best of
our knowledge, our study is the first to assess regional variations
in prehospital AAM and its effects across four Asian EMS systems.
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Appendix 1. Characteristics of patients with out-of-hospital cardiac arrest according to prehospital advanced airway use

EMS advanced airway management

P-value
All (n=16,510) No (n=7,990) Yes (n=28,520)
Age (yr) 0.34
19-64 4,982 (30) 2,472 (31) 2,510 (29)
265 11,528 (70) 5,518 (69) 6,010 (71)
Sex 0.23
Male 10,266 (62) 4,967 (62) 5,299 (62)
Female 6,244 (38) 3,023 (38) 3,221 (38)
Regional EMS system <0.05
Osaka 8,055 (49) 2,821 (35) 5,234 (61)
Seoul 4,277 (26) 3,455 (43) 822 (10)
Singapore 2,046 (12) 308 (4) 1,738 (20)
Taipei 2,132 (13) 1,406 (18) 726 (9)
Witnessed status <0.05
No 10,000 (61) 5,040 (63) 4,960 (58)
Yes 6,510 (39) 2,950 (37) 3,560 (42)
Bystander CPR <0.05
No 10,208 (62) 5,011 (63) 5,197 (61)
Yes 6,302 (38) 2,979 (37) 3,323 (39)
Initial ECG rhythm <0.05
Shockable 2,508 (15) 1,227 (15) 1,281 (15)
Non-shockable 13,483 (82) 6,336 (79) 7,147 (84)
Unknown 519 (3) 427 (5) 92 (1)
EMS scene time interval <0.05
Missing 343 (2) 135(2) 208 (2)
0-8 (min) 3,123 (19) 2,433 (30) 690 (8)
8-16 (min) 8,265 (50) 4,147 (52) 4,118 (48)
16-24 (min) 4,038 (24) 1,095 (14) 2,943 (35)
24-32 (min) 741 (4) 180 (2) 561 (7)
Median (IQR) 12.75 (9-17) 10 (7-14) 15 (11-18.6) <0.05
Outcomes
Survival 1,130 (7) 698 (8.7) 432 (5.1) <0.05
Neurological recovery 560 (3) 392 (4.9) 168 (2.0) <0.05

Values are presented as number (%) unless otherwise indicated.
EMS, emergency medical services; CPR, cardiopulmonary resuscitation; ECG, electrocardiography; IQR, interquartile range.
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Appendix 2. Characteristics of patients with out-of-hospital cardiac arrest according to regional EMSs system

Regional EMS systems

Osaka (n=8,055) Seoul (n=4,277) Singapore (n=2,046) Taiwan (n=2,132) Prvalue
Age (yr) <0.05
19-64 1,695 (21.0) 1,682 (39.3) 986 (48.2) 619 (29.0)
265 6,360 (79.0) 2,595 (60.7) 1,060 (51.8) 1,513 (71.0)
Sex <0.05
Male 4,606 (57.2) 2,865 (67.0) 1,413 (69.1) 1,382 (64.8)
Female 3,449 (42.8) 1,412 (33.0) 633 (30.9) 750 (35.2)
EMS advanced airway <0.05
No 2,821 (35.0) 3,455 (80.8) 308 (15.1) 1,406 (65.9)
Yes 5,234 (65.0) 822 (19.2) 1,738 (84.9) 726 (34.1)
Witnessed <0.05
No 5,140 (63.8) 2,256 (52.7) 951 (46.5) 1,653 (77.5)
Yes 2,915 (36.2) 2,021 (47.3) 1,095 (53.5) 479 (22.5)
Bystander CPR <0.05
No 4,462 (55.4) 2,530 (59.2) 1,551 (75.8) 1,665 (78.1)
Yes 3,593 (44.6) 1,747 (40.8) 495 (24.2) 467 (21.9)
Initial ECG rhythm <0.05
shockable 868 (10.8) 905 (21.2) 482 (23.6) 253 (11.9)
Non-shockable 7,166 (89.0) 3,076 (71.9) 1,563 (76.4) 1,678 (78.7)
Unknown 21(0.3) 296 (6.9) 1(0.0) 201 (9.4)
EMS scene time interval (min) <0.05
Missing 308 (3.8) 14 (0.3) 4(0.2) 17 (0.8)
0-8 (min) 504 (6.3) 2,347 (54.9) 17 (5.7) 155 (7.3)
8-16 (min) 4,033 (6.3) 1,710 (54.9) 1,266 (5.7) 1,256 (7.3)
16-24 (min) 2,612 (50.1) 184 (40.0) 602 (61.9) 640 (58.9)
24-32 (min) 598 (32.4) 22 (4.3) 57 (29.4) 64 (30.0)
Median (IQR) 14 (11-19) 7 (5-10) 14 (11.62-17.0) 14 (11-17) <0.05
Outcomes
Survival to discharge 545 (6.8) 386 (9.0) 60 (2.9) 139 (6.5) <0.05
Neurological recovery 301 (3.7) 163 (3.8) 32(1.6) 64 (3.0) <0.05

Values are presented as number (%) unless otherwise indicated.
EMS, emergency medical services; CPR, cardiopulmonary resuscitation; ECG, electrocardiography; IQR, interquartile range.
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Appendix 3. Multivariable analysis for the effects of prehospital advanced airway management and regional EMS systems on outcomes

Unadjusted Adjusted
Total Outcomes
OR 95% Cl OR 95% Cl
Neurological recovery

Prehospital advanced airway management?”

No 7,990 392 (4.9) 1.00 1.00

Yes 8,520 168 (2.0) 0.39 0.33-0.47 0.30 0.24-0.38
Regional EMS system®

Singapore 2,046 32(1.6) 1.00 1.00

Taipei 2,132 64 (3.0) 1.95 1.27-2.99 1.96 1.21-3.18

Osaka 8,055 301 (3.7) 2.44 1.69-3.53 3.95 2.64-5.90

Seoul 4,277 163 (3.8) 2.49 1.70-3.66 1.00 0.64-1.56

Survival to discharge

Prehospital advanced airway management?

No 7,990 698 (8.7) 1.00 1.00

Yes 8,520 432 (5.1) 0.56 0.49-0.63 0.58 0.50-0.68
Regional EMS system®

Singapore 2,046 60 (2.9) 1.00 1.00

Taipei 2,132 139 (6.5) 2.31 1.69-3.14 3.42 2.42-4.84

Osaka 8,055 545 (6.8) 2.40 1.83-3.15 4.51 3.36-6.05

Seoul 4,277 386 (9.0) 3.28 2.49-4.33 224 1.63-3.09

Values are presented as number or number (%).

EMS, emergency medical services; OR, odd ratio; Cl, confidence interval.

a’Adjusted to city, sex, age, witness arrest, bystander cardiopulmonary resuscitation, initial electrocardiogram, response time interval, and scene time interval. b‘Adjusted to
EMS advanced airway management, sex, age, witness arrest, bystander cardiopulmonary resuscitation, initial electrocardiogram, response time interval, and scene time in-
terval.

Appendix 4. Effects of prehospital advanced airway management on
outcomes in interaction model with regional emergency medical service

systems
Outcomes Adjusted OR 95% Cl
Neurological recovery
Interaction AAM(-) 1
Singapore AAM(+) 0.12 0.06-0.26
Taipei AAM(+) 0.58 0.31-1.10
Osaka AAM(+) 0.21 0.16-0.28
Seoul AAM(+) 0.79 0.52-1.20
Survival to discharge
Interaction AAM(-) 1
Singapore AAM(+) 0.31 0.17-0.58
Taipei AAM(+) 1.04 0.69-1.55
Osaka AAM(+) 0.43 0.35-0.52
Seoul AAM(+) 0.99 0.75-1.30

AAM, advanced airway management; OR, odd ratio; Cl, confidence interval.
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