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ABSTRACT  

Background

Paediatric out-of-hospital cardiac arrest (OHCA) results in high mortality and poor neurological 

outcomes. We conducted this study to describe and compare the effects of pre-hospital airway 

management on survival outcomes for paediatric OHCA in the Asia-pacific region.

Methods

We performed a retrospective analysis of the Pan Asian Resuscitation Outcomes Study 

(PAROS) data from January 2009 to June 2018. PAROS is a prospective, observational, multi-

centre cohort study from eleven countries. The primary outcomes were one-month survival 

and survival with favourable neurological status, defined as Cerebral Performance Category1 

or 2. We performed multivariate analyses of the unmatched and propensity matched cohort.

Results

We included 3131 patients less than 18 years in the study. 2679 (85.6%) children received 

bag-valve-mask (BVM) ventilations, 81 (2.6%) endotracheal intubations (ETI) and 371 (11.8%) 

supraglottic airways (SGA). 792 patients underwent propensity score matching. In the 

matched cohort, advanced airway management (AAM: SGA and ETI) when compared with 

BVM group was associated with decreased one-month survival [AAM: 28/396 (7.1%) versus 

BVM: 55/396 (13.9%); adjusted odds ratio (aOR), 0.46 (95% CI, 0.29 – 0.75); p = 0.002] and 

survival with favourable neurological status [AAM: 8/396 (2.0%) versus BVM: 31/396 (7.8%); 

aOR, 0.22 (95% CI, 0.10 – 0.50); p < 0.001]. For SGA group, we observed less 1-month 

survival [SGA: 24/337 (7.1%) versus BVM: 52/337 (15.4%); aOR, 0.41 (95%CI, 0.25 - 0.69), 

p = 0.001] and survival with favourable neurological status. 

Conclusion

In children with OHCA in the Asia-Pacific region, pre-hospital AAM was associated with 

decreased one-month survival and less favourable neurological status.



INTRODUCTION

Paediatric out-of-hospital cardiac arrest (OHCA) is a global public health problem which results 

in high mortality, with survival rates of less than 12% and associated with poor neurological 

outcomes1–5. The survival rates have not changed significantly over the past decade1,6, 

suggesting that further improvement in pre-hospital interventions, may be needed in paediatric 

OHCA care. In recent years, for pre-hospital advanced airway interventions, the current 

evidence is that endotracheal intubation (ETI) or supraglottic airways (SGA) are not superior 

to bag-valve-mask ventilations (BVM) for resuscitation of paediatric OHCA, but the overall 

certainty of evidence is low5,7–12. 

Within the Asia-Pacific region, airway management of paediatric out-of-hospital cardiac arrest 

(OHCA) patients by EMS systems varies between different countries. Asia-Pacific countries 

have unique and diverse Emergency Medical Services (EMS) systems, which are different 

from the Franco-German or Anglo-American countries13. The Pan Asian Resuscitation 

Outcomes Study (PAROS) Clinical Research Network, established in 2010, is an international, 

multi-centre, prospective registry of OHCA across the Asia-Pacific region, collaborating with 

the EMS agencies and academic centres in eleven countries/ territories (Japan, South Korea, 

Malaysia, Singapore, Taiwan, Thailand, United Arab Emirates (UAE), China, India, 

Philippines, and Vietnam)5,14. China participated in PAROS in 2012, and India, Philippines, 

and Vietnam after 2014.

We conducted this study to describe and compare the effects of pre-hospital airway 

management on survival outcomes for paediatric OHCA in the Asia-pacific region using the 

PAROS registry data.



METHODS

Study design and setting

This study was a retrospective analysis of PAROS study data from January 2009 to June 

2018. The PAROS study is a prospective, observational, multi-centre cohort study in the 

participating PAROS sites (32 sites from eleven countries/ territories). The 32 sites are Japan 

(Tokyo, Aichi, Fukuoka, Ishikawa, Wakayama, Osaka city/prefecture), Korea (Seoul, Daegu, 

Gwangju), Malaysia (Kuala Lumpur/ Klang Valley, Miri, Kuching, Penang), Singapore, Taiwan 

(Taipei, Tainan, Taoyuan), Thailand (Bangkok, Songkla), UAE (Abu Dhabi, Dubai (2009 – 

2012), Fujairah, Ras Al Khaimah, Sharjah, Umm Al Quwain), India (Telangana), China 

(Hangzhou), Philippines (Manila, Davao) and Vietnam (Hanoi, Hue, Ho Chi Minh). 

The ambulance-to-population ratio, socioeconomic status and the EMS systems in the 

PAROS participating sites/countries are diverse and have been described in previous 

publications5,13–15 The EMS also differ in the dispatch systems, airway management 

capabilities and drugs administered. We present the airway management of the participating 

countries in Table 1.

In Japan, the EMS system is a single-tier ambulance service. Emergency Life-Saving 

Technicians (ELST) perform insertion of supraglottic airway devices (SGA), mainly, laryngeal 

mask airway (LMA), oesophageal obturator airway or King airway, in approximately 95% of 

the ambulances4,16.Specially trained ELSTs perform endotracheal intubations (ETI) in 

children, restricted to over 8 or 15 years old in most municipalities4,11. The Korean EMS system 

is a single-tier, basic life support (BLS) ambulance service, with two levels of emergency 

medical technicians (EMT): level-1 EMT (EMT-intermediate in US) and level-2 EMT (EMT-

basic in US), and nurses. Level-1 EMTs are trained in administration of intravenous fluids, ETI 

or SGA (I-gel, LMA, oesophageal obturator airway and King airway) insertion, and administer 

medications such as epinephrine and atropine under direct medical oversight15,17.



In Singapore, during the study period, it was a single tier of paramedics (equivalent to North 

American EMT- intermediate) who were trained in BLS, AED, and specific interventions 

including LMA insertion, and intravenous adrenaline administration18. In Taiwan (Taipei and 

Tainan), EMT – paramedic level personnel in ALS ambulances performed ETI, whereas EMT-

2 performed LMA. In Thailand, ALS trained physicians perform ETI and SGA insertions, while 

EMT -Intermediate performed bag-valve-mask (BVM) ventilations. In India (Telangana), BLS 

ambulance personnel provide BVM ventilations only. 

Participants

We included all children less than 18 years who sustained out-of-hospital cardiac arrests 

brought to the ED by EMS and private ambulances, with resuscitation attempted by EMS and 

private ambulance providers. We excluded adults 18 years and above, patients whereby EMS 

did not attempt resuscitation (e.g., rigor mortis, decapitation), patients with cricothyrotomy or 

tracheostomy airways, and patients brought in by private vehicles.

The details of data collection and management have been published previously5,14,19 (online 

supplementary information). The data was collected between the period of January 2009 and 

June 2018 with each country contributing between 2 years and 7.5 years of data. Waiver of 

consent was approved by the local Institutional Review Boards in the participating countries 

as only clinical documents were reviewed for all the enrolled cardiac arrest cases. There was 

no patient or family interaction, or intervention involved. We removed all patient identifiers from 

the dataset to protect patients’ privacy and confidentiality. 

Outcomes

The primary outcome was one-month survival. Secondary outcome was survival with 

favourable neurological status, defined as Cerebral Performance Category (CPC) score of 1 

or 2. The neurological status is measured either at discharge, or at 30th day post arrest if not 

discharged.

Statistical analysis



We reported descriptive statistics of demographics, prehospital characteristics, and outcomes 

using median (IQR) for continuous parameters and count (%) for categorical parameters. We 

compared categorical variables between groups using chi-squared test and continuous 

variables using t-test or Mann-Whitney as appropriate.

To assess the effect of prehospital advanced airway on survival outcomes, we used a 

propensity score matching (PSM) approach20. The variables in the model for propensity to 

receive PAA were confounders of age, gender, location of arrest, witnessed status, bystander 

cardiopulmonary resuscitation, pre-hospital defibrillation, pre-hospital drug administration, 

EMS response time (time of call to time of ambulance arriving at scene), initial arrest rhythm, 

and cause of arrest. A Directed Acyclic Graph (DAG) was performed to identify the minimal 

sufficient adjustment set (supplementary data). The DAG identified factors that would 

influence the risk of patients receiving advanced airways. This set of co-variates was similar 

to what previous studies used4,9,11,21.

We performed a 1:1 nearest neighbour matching on the propensity score without replacement 

between patients receiving AAM and not receiving AAM, i.e., BVM. Standardized mean 

difference (SMD) for each covariate was calculated to assess the balance of its distribution 

between the propensity score matched samples. A SMD magnitude of less than 20% was 

considered small and in the range 20% - 80% to be moderate. A density plot of the propensity 

scores of treated group (AAM) and untreated group (BVM) was done to examine whether the 

overlap of propensity scores condition was satisfied. We followed with a logistic regression of 

the effect of AAM on survival outcome with adjustment for the propensity score to account for 

any minor residual imbalance after PSM using the matched cohort obtained from PSM. 

Similarly, logistic regression was done on the matched groups of SGA with BVM, and ETI vs 

BVM. 

As we had a large prevalence of survival outcomes, we used the whole cohort to assess the 

effect of AAM (SGA alone and ETI alone) on survival outcomes to see whether a similar result 



is obtained using multilevel mixed effect logistic regression. Our model used a random 

intercept at the country level to account for the clustering effect of individuals within country. 

Covariates adjusted were the same as in PSM.

To check for robustness of comparison, we performed sensitivity analyses including pre-

hospital ROSC and country as confounders. We performed all analysis using IBM SPSS 

(version 26.0; IBM Corp.) and Stata (version 14.0; StataCorp, College Station, TX).



RESULTS

A total of 3131 children less than 18 years were included in the study population. 204,324 

were excluded as they did not meet the inclusion criteria (Fig 1). 2679 (85.6%) children in the 

study population received BVM, 81 (2.6%) received ETI and 371 (11.8%) received SGA. 

The patient characteristics and pre-hospital interventions are presented in Table 2. The 

median age was 2 years for children who received BVM, and 13 years for those that received 

advanced airway management (SGA and ETI). A higher proportion of children in the advanced 

airway management (AAM) group had witnessed arrest (47.1% versus 36.9%), initial 

shockable rhythm (10.6% versus 4.1%), and non-cardiac aetiologies (70.6% versus 67.4%) 

compared to the BVM group. For the 282 (9%) children who had ROSC at scene, the duration 

of resuscitation at scene (time of initiation of EMS CPR till ROSC achieved) was longer in the 

AAM group, compared to the BVM group (median (min) 14 versus 8; p=0.001). The median 

scene time was also longer for those children who received AAM compared to those who 

received BVM (13min versus 7min; p < 0.001). 

792 children underwent propensity score matching, with 396 in each group of BVM and AAM 

(ETI and SGA combined). We present patient characteristics in the matched cohort in Table 

3. The standardised mean differences (SMD) were within the acceptable limit, ranging from 

0% to 10.1%, except for prehospital drug with just slightly higher SMD of 23.5%. Overlap plot 

of the propensity scores in the unmatched and matched cohorts showed that the condition of 

propensity scores overlap was met (Supplementary data).

Outcomes of paediatric OHCA

The overall 1-month survival and survival with favourable neurological status (CPC 1 or 2) for 

the whole cohort were 12.4% (389/3131) and 6.1% (191/3131), respectively.

AAM versus BVM



In the propensity matched cohort, there were significant differences between patients who 

received AAM (SGA and ETI) versus those who received BVM in 1-month survival [AAM: 

28/396 (7.1%) versus BVM: 55/396 (13.9%); adjusted odds ratio (aOR), 0.46 (95% CI, 0.29 – 

0.75); p = 0.002], and survival with favourable neurological status (CPC 1 or 2) [AAM: 8/396 

(2.0%) versus BVM: 31/396 (7.8%); aOR, 0.22 (95% CI, 0.10 – 0.50); p < 0.001]. In the 

unmatched cohort, the poorer outcomes of 1-month survival and survival with favourable 

neurological status in AAM when compared to BVM is similarly observed (Table 4).

SGA versus BVM

In the propensity matched cohort comparing the SGA and BVM groups, less 1-month survival 

[SGA: 24/337 (7.1%) versus BVM: 52/337 (15.4%); adjusted odds ratio, 0.41 (95% CI, 0.25 – 

0.69), p = 0.001], and survival with CPC 1 or 2 [SGA: 5/337 (1.5%) versus BVM: 31/337 

(9.2%); adjusted odds ratio, 0.14 (95% CI, 0.05 – 0.37), p < 0.001] were observed in the SGA 

group (Table 4). In the unmatched cohort, similar poorer outcomes of 1-month survival and 

survival with CPC 1 or 2 was observed in SGA group compared to BVM group (Table 4).

ETI versus BVM

In the propensity matched cohort, there was no significant difference between the ETI and the 

BVM groups in the outcomes of 1-month survival [ETI: 4/59 (6.8%) versus BVM: 8/59 (13.6%); 

adjusted odds ratio, 0.46 (95% CI, 0.13 – 1.63), p = 0.231], and favourable neurological status 

[ETI: 3/59 (5.1%) versus BVM: 6/59 (10.2%); adjusted odds ratio, 0.47 (95% CI, 0.11 – 1.99), 

p = 0.307]. In the unmatched cohort, similarly, no significant difference in outcomes of 1-month 

survival and favourable neurological status was observed between the two groups (Table 4).

In the sensitivity analyses using 1:1 PSM with pre-hospital ROSC and country included as 

covariates (confounders) in the logistic regression model, similar poorer outcomes were 

observed when AAM (SGA and ETI) or SGA were compared with BVM groups 

(Supplementary data). 



DISCUSSION

In this study, using combined data from Phase 1 (2009 – 2012) and Phase 2 (2013 – June 

2018) of the PAROS database, there was an increasing trend of 1-month survival outcome of 

12.4% and survival with favourable neurological status (CPC 1 or 2) of 6.1%, compared with 

8.6% (1-month survival) and 3.7% (survival with favourable neurological status) that was 

reported previously for the period of 2009 – 20125. 

Within the PAROS participating sites in the Asia-Pacific region, the commonest method of pre-

hospital airway management in paediatric out-of-hospital cardiac arrests was bag-valve-mask 

ventilation (85.6%). Majority of the patients that had advanced airways received supraglottic 

airways (11.8% of whole cohort), and only 2.6% received ETI. Majority of the EMS personnel 

for the PAROS sites were EMT/ EMT–intermediate or nurses, trained to provide BVM 

ventilations and supraglottic airways insertions or BVM ventilations only for airway 

management. In Korea and Japan, level 1 or Emergency Life-saving technicians perform ETI, 

while in Thailand, China and Vietnam, pre-hospital physicians perform ETI. This contrasts with 

a study in North America which reported that ETI was attempted by EMS in 63% of the 

paediatric patients with OHCA, and nearly all the cases had advanced life support EMS crew 

on scene during resuscitation. The overall survival to discharge in that study was 10.2%6. 

In our study comparing the types of airway management in paediatric OHCA treated by EMS 

using the PAROS registry, we found that advanced airway management (SGA and ETI 

combined) was associated with decreased 1-month survival and survival with favourable 

neurological outcomes compared to BVM using propensity score matching and regression 

modelling.

Several paediatric observational studies and one clinical trial comparing pre-hospital 

advanced airways with survival outcomes in paediatric OHCA showed inconsistent 

results4,5,8,9,11,16,21,22. A systematic review and meta-analysis of AAM for paediatric cardiac 



arrest, included 14 studies, and found that ETI or SGA was not superior to BVM, but the overall 

certainty of evidence was low7. Following this systematic review, an observational study using 

propensity score matched cohort, compared pre-hospital ETI directly with SGA, did not 

observe any difference in 1-month survival or neurological favourable survival outcomes16. 

Another study conducted in Europe with physician staffed EMS system, observed a lower 1-

month survival in ETI compared to the supraglottic procedure group, consisting of BVM and 

SGA (propensity-adjusted odds ratio [paOR], 0.39; 95% CI, 0.25-0.62; p < 0.001)21. Majority 

of the patients in the supraglottic procedure group received BVM ventilation (92.9%). However, 

an observational study performed to assess for factors associated with survival, including 124 

paediatric and 7337 adult OHCA patients, observed that AAM was associated with more 

survival till hospital discharge in the paediatric population only22. 

Our study results together with most reported studies, have observed that advanced airways, 

have not been associated with better outcomes when compared with BVM ventilations only. 

Some of the postulated reasons were that: firstly, advanced airway management procedures 

may cause interruptions in CPR and delays in other potentially important interventions such 

as administration of adrenaline9,23,24. Secondly, performing advanced airways at scene 

potentially increased the resuscitation time at scene, and delayed the transport to hospital for 

definitive care. In our study, the scene time was longer for those children who received AAM 

compared to those who received BVM [median 13min (IQR 9, 18) versus median 7min (IQR 

4, 11); p < 0.001]. Two observational studies had evaluated the effect of resuscitative time on 

the scene with survival outcomes and found that longer on-scene resuscitation was associated 

with decreased survival25,26. One of the studies observed that in children 8 years old and 

above, resuscitative time of > 15min when compared with < 5min, adjusted for the type of pre-

hospital advanced airway used and other confounders, was associated with lower odds of 1-

month survival (adjusted OR 0.07; 95% CI 0.02 – 0.25; p <0.001)26. Thirdly, paediatric 

endotracheal intubation, and even SGA insertion are uncommonly performed in the pre-

hospital setting and require skill maintenance. Intubation errors (3 or more attempts or failed 



altogether) and other complications were common during the advanced airway procedures 

and may reduce the likelihood of survival9,27. 

The 2020 International Consensus on Cardiopulmonary Resuscitation and Emergency 

Cardiovascular Care Science with Treatment Recommendations (CoSTR) for paediatric life 

support, suggest the use of bag-mask ventilation rather than tracheal intubation or insertion of 

a supraglottic airway in the management of children with cardiac arrest in the out-of-hospital 

setting7,28–30. The 2020 American Heart Association (AHA) guidelines recommends that for 

out-of-hospital cardiac arrest, bag-mask ventilation results in the same resuscitation outcomes 

as advanced airway interventions such as endotracheal intubation31. Our findings of increased 

survival observed in the BVM ventilations group compared with advanced airways supports 

the ILCOR and AHA recommendations.

Limitations 

We did not perform time-dependent propensity score matching as the data on time of 

advanced airway insertion was not consistently available. Resuscitation time bias had been 

studied using time-dependent propensity score and risk-set matching in an adult and another 

paediatric airway management study4,32. Patients who underwent longer resuscitation were 

more likely to receive intra-arrest interventions, including advanced airways. In some cases, 

whereby the patients achieved ROSC very quickly, there may not be time to place an 

advanced airway. This could introduce bias in favour of BVM9. To adjust for this bias in our 

analysis, we performed sensitivity analysis including presence of pre-hospital ROSC as a 

confounder in the multivariate model. Pre-hospital ROSC is a confounder when it occurred 

before the patient received the advanced airway. We found that the survival outcomes of AAM 

group were poorer though less pronounced, with statistical significance in survival with CPC 

1 or 2 (OR 0.19; 95% CI 0.08 – 0.5), but not in 1-month survival when compared with BVM 

ventilations (Supplementary data). An observational study with adult OHCA patients 18 years 

and above reported a similar finding that the odds ratio for a good neurological outcome with 



BVM decreased from 3.24 (2.49 to 4.20) to 2.60 (1.97 to 3.44) when confirmed cardiac output 

on EMS arrival was added to the multivariate model analysis33.

Another limitation was that the advanced airway interventions were recorded only if they 

were successfully inserted, thus, failed intubation or SGA insertion could have been counted 

as BVM ventilations. Of the 129 patients with other airways that we excluded, some could 

have received surgical airways such as cricothyroidotomy after failed intubation and BVM 

ventilations (supplementary data). We are unable to study the effect of distinct types of SGA, 

such as laryngeal mask airway, oesophageal obturator airway or laryngeal tube devices on 

survival outcomes as the total number of SGA cases in our cohort would not provide 

adequate data for further stratified analysis. It is possible that not all EMS patients were 

included in some of the participating sites. We are unable to calculate the population 

incidence as there are 31 study sites included in the PAROS registry.

CONCLUSION

This Pan-Asian registry study involving eleven countries showed that for paediatric OHCA in 

the Asia-Pacific region, most received BVM ventilations for airway management only. Our 

study suggests that pre-hospital AAM was associated with decreased one-month survival and 

survival with favourable neurological status. In developing paediatric OHCA treatment 

protocols, EMS systems may consider focusing more on effective BVM ventilations as the 

initial pre-hospital airway management. 
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Table 1: EMS Airway Skills for PAROS countries during study period
SkillsCountry Ambulance staffing Airway AED BLS

Level 2- EMT BVM  

Level 1 -EMT ETI and LMA under direct medical 
control  Korea 

Registered Nurse ETI and LMA under direct medical 
control  

Singapore EMT-Intermediate LMA  

EMT-1 BVM  
EMT-2 LMA  

Taiwan 
EMT-P ETI  
FAC-1 (First Aid 
Class One)

BVM X 

SFAC (Standard First 
Aid Class)

BVM
 Japan 

ELST (Emergency 
Life-Saving 
Technicians)

LMA, Oesophageal obturator airway, 
ETI  

Doctor ETI  

Thailand Nurse
EMT-I
EMT-B

BVM
BVM 
BVM

 

Medical 
assistant/EMT

BVM
LMA
ETI

 

Patient Transport 
Officer BVM X 

Malaysia

Advanced Life 
Support Officer BVM  

UAE Paramedic
LMA
ETI
 

 

India EMT BVM Xa 

China Prehospital doctor SGA  

Philippines EMT BVM  

Vietnam Doctor
Nurse ETI b 

aAEDs only available in ambulances after June 2019
bAEDs available in some ambulances
BVM: Bag-valve-mask ventilation; LMA: laryngeal mask airway; ETI: endotracheal intubation; SGA: 
supraglottic airway



Table 2. Characteristics of patients in the study population

Characteristics BVM 
(N=2679) ETI (N=81) SGA 

(N=371)
AAM 
(N=452)

p-value 
(AAM 
vs 
BVM)

Age (years)
Median (IQR) 2 (0, 11) 10 (1, 16) 13 (9, 17) 13 (2, 15) < 0.001

Age group, n (%)
0 -12 years 2106 (78.6) 42 (51.9) 181 (48.8) 223 (49.3)
13 – 17 years 573 (21.4) 39 (48.1) 190 (51.2) 229 (50.7)

< 0.001

1663 (62.1) 56 (69.1) 256 (69) 312 (69) 0.018Sex, n (%)
Male
  
Country, n (%)
China 26 (1) 5 (6.2) 4 (1.1) 9 (2)
India 163 (6.1) 0 (0) 0 (0) 0 (0)
Japan 1712 (63.9) 19 (23.5) 190 (51.2) 209 (46.2)
Korea 362 (13.5) 12 (14.8) 24 (6.5) 36 (8)
Malaysia 25 (0.9) 3 (3.7) 11 (3) 14 (3.1)
Singapore 140 (5.2) 0 (0) 75 (20.2) 75 (16.6)
Taiwan 201 (7.5) 3 (3.7) 65 (17.5) 68 (15)
Thailand 19 (0.7) 33 (40.7) 1 (0.3) 34 (7.5)
UAE 25 (0.9) 2 (2.5) 1 (0.3) 3 (0.7)
Others (Philippines and Vietnam) 6 (0.2) 4 (4.9) 0 (0) 4 (0.9)

NA

Transportation, n (%)
EMS 2674 (99.8) 73 (90.1) 369 (99.5) 442 (97.8) < 0.001
Private ambulance 5 (0.2) 8 (9.9) 2 (0.5) 10 (2.2)
Location a, n (%)

758 (64.8) 28 (41.2) 120 (63.2) 148 (57.4)  0.024Home Residence
Non-home residence 411 (35.2) 40 (58.8) 70 (36.8) 110 (42.6)
Arrest witnessed, n (%)
 Yes 988 (36.9) 57 (70.4) 156 (42.1) 213 (47.1)
 No 1691 (63.1) 24 (29.6) 215 (57.9) 239 (52.9)

 < 0.001

Bystander CPR, n (%)
 Yes 1309 (48.9) 32 (39.5) 211 (56.9) 243 (53.8)
 No 1370 (51.1) 49 (60.5) 160 (43.1) 209 (46.2)

 0.015

DA-CPR b
No 565 (46.2) 14 (63.6) 64 (44.1) 78 (46.7)
Yes 659 (53.8) 8 (36.4) 81 (55.9) 89 (53.3)

0.934

Aetiology, n (%)
Trauma 364 (13.5) 16 (19.8) 55 (14.8) 71 (15.7)
Cardiac 874 (32.6) 17 (21) 116 (31.3) 133 (29.4)
Respiratory 249 (9.3) 5 (6.2) 32 (8.6) 37 (8.2)
Drowning 130 (4.9) 5 (6.2) 28 (7.6) 33 (7.3)
Others 1062 (39.7) 38 (46.8) 140 (37.7) 178 (39.4)

< 0.001

First rhythm c, n (%)
VF/ VT 81 (3.8) 5 (7.5) 32 (9.4) 37 (9.1)
Unknown shockable 7 (0.3) 2 (3) 4 (1.2) 6 (1.5)
PEA 331 (15.3) 7 (10.4) 53 (15.6) 60 (14.7)

< 0.001



Asystole 1460 (67.5) 46 (68.7) 229 (67.4) 275 (67.6)
Unknown non-shockable 285 (13.2) 7 (10.4) 22 (6.5) 29 (7.1)
EMS Interventions
Prehospital drug 
administration, n (%)
 Yes 51 (1.9) 47 (58) 49 (13.2) 96 (21.2)
No 2628 (98.1) 34 (42) 322 (86.8) 356 (78.8)

 < 0.001

Prehospital defibrillation, n (%)
 
Yes 164 (6.1) 11 (13.6) 52 (14) 63 (13.9)

No 2515 (93.9) 70 (86.4) 319 (86) 389 (86.1)

< 0.001
 

Response time < 8 mins, n (%)
 Yes 1736 (64.8) 36 (44.4) 208 (56.1) 244 (54)
No 943 (35.2) 45 (55.6) 163 (43.9) 208 (46)

 < 0.001

Duration of resuscitation at 
scene d, min
Median (IQR) 8 (4, 13) 15 (10, 20) 13 (9, 17) 14 (9, 19) 0.001
n (data available) 107 14 19 33
Scene time e, min

Median (IQR) 7 (4, 11) 15 (9, 21) 13 (8, 17) 13 (9, 18) < 0.001

n (data available) 601 45 99 144
Pre-hospital ROSC (at scene / en-
route), n (%)
 Yes 239 (8.9) 17 (21) 26 (7) 43 (9.5)
 No 2440 (91.1) 64 (79) 345 (93) 409 (90.5) 0.002
AAM - Advanced airway management (ETI and SGA combined); SGA - Supraglottic airway; ETI - 
Endotracheal intubation; BVM - Bag Valve Mask; NA - Not applicable
a Column percentage is computed by including cases with known location data.
b Data reported for countries where DA-CPR was implemented (N=1391): Japan (Jan 2011 – Dec 2014); 
Korea (Daegu, Gwangju & Seoul: Jan 2013 – Dec 2014); Taiwan (Taipei: Jan 2013 – Dec 2014 & Jan – Jun 
2017, Tainan: Jan 2014 – Dec 2015); Singapore (Jun 2012 – Dec 2016); Malaysia (Penang: Jan 2013 – Dec 
2017, Klang Valley: Jan 2013 – Dec 2017, Eastern Malaysia: Jul 2014 – Apr 2016); Thailand (Bangkok: Aug 
2016 – Dec 2017)
c Data available for 2571 cases. Missing data mainly due to EMS ambulances not equipped with AED.
d Results for duration of resuscitation are presented for those who had ROSC at scene and data available 
(from time of CPR initiated to time of ROSC at scene).
e Scene time: Time interval between at patient side and left scene.



Table 3. Baseline characteristics of the propensity score matched cohort of AAM with 
BVM. 

Factors BVM (n=396) AAM (n=396)
|Standardized 
difference|, % a

Age group, n (%) 
13 – 17 years 211 (53.3) 197 (49.8)  7.8

  
Gender, n (%)
Female 121 (30.6) 125 (31.6) 2.1

  
Home residence, n (%) 104 (26.3) 121 (30.6) 9.6

  
Arrest witnessed, n (%) 173 (43.7) 178 (45)  2.6

  
Bystander CPR performed, n (%) 232 (58.6) 222 (56.1) 5.1

  
Initial rhythm   
 VF/VT/Unknown shockable, n (%) 32 (8.1) 38 (9.6) 6.3
   
Prehospital drug administration, n 
(%) 45 (11.4) 72 (18.2) 23.5

  
Prehospital defibrillation, n (%) 54 (13.6) 57 (14.4) 2.5

  
Response time < 8 mins, n (%) 221 (55.8) 223 (56.3) 1.0

Cause of arrest, n (%)   
  Presumed cardiac aetiology 111 (28) 125 (31.6)  7.5

  Non-cardiac etiology 227 (57.3%) 215 (54.3%)  6.1

a Absolute value of standardized difference is reported.



Table 4. Outcomes of comparison of AAM with BVM in the overall unmatched cohort 
and in the propensity score matched cohort.

Number of patients with outcome/ 
total patients (%)

aOR (95% CI) p- value

Overall unmatched 
cohort
Primary analysis (AAM vs 
BVM)

BVM AAM Effect of AAM vs 
BVM

1-month survival 347/2679 (13) 42/452 (9.3) 0.58 (0.38, 0.89) * 0.013

Survival with favourable 
neurological outcome 
(CPC 1 or 2)

183/2679 (6.8) 8/452 (1.8) 0.15 (0.06, 0.37) * < 0.001

Analysis of SGA vs BVM BVM SGA Effect of SGA vs 
BVM

1-month survival 347/2679 (13) 33/371 (8.9) 0.54 (0.34, 0.86) * 0.01

Survival with favourable 
neurological outcome 
(CPC 1 or 2)

183/2679 (6.8) 5/371 (1.3) 0.09 (0.03, 0.28) * < 0.001

Analysis of ETI vs BVM BVM ETI Effect of ETI vs BVM
1-month survival 347/2679 (13) 9/81 (11.1) 0.83 (0.32, 2.18) 0.707

Survival with favourable 
neurological outcome 
(CPC 1 or 2)

183/2679 (6.8) 3/81 (3.7) 0.71 (0.17, 3.01) 0.639

Propensity score- 
matched cohort
Primary analysis (AAM vs 
BVM)

BVM AAM Effect of AAM vs 
BVM

1-month survival 55/396 (13.9) 28/396 (7.1) 0.46 (0.29, 0.75) * 0.002

Survival with favourable 
neurological outcome 
(CPC 1 or 2)

31/396 (7.8) 8/396 (2) 0.22 (0.1, 0.5) * < 0.001

Analysis of SGA vs BVM BVM SGA Effect of SGA vs 
BVM

1-month survival 52/337 (15.4) 24/337 (7.1) 0.41 (0.25, 0.69) * 0.001

Survival with favourable 
neurological outcome 
(CPC 1 or 2)

31/337 (9.2) 5/337 (1.5) 0.14 (0.05, 0.37) * < 0.001

Analysis of ETI vs BVM BVM ETI Effect of ETI vs BVM
1-month survival

8/59 (13.6%) 4/59 (6.8%) 0.46 (0.13, 1.63)
0.231

Survival with favourable 
neurological outcome 
(CPC 1 or 2) 6/59 (10.2%) 3/59 (5.1%) 0.47 (0.11, 1.99)

0.307

AAM, advanced airway management
BVM, bagged valve mask ventilation
SGA, supraglottic airway
ETI, endotracheal intubation
aOR, adjusted odds ratio
* Statistically significant at p < 0.05


