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Abstract

Objective: This study aimed to explore significant pre-hospital factors aecting the survivability of Out-of-Hospital Cardiac Arrest (OHCA) patients in
countries with developing EMS systems.

Method: A retrospective cohort study was conducted examining data from January 1, 2017 to December 31, 2020 from Utstein Registry databases
in Thailand, collected through Pan-Asian Resuscitation Outcomes Study (PAROS). Data were collected from three centres, including regional,
suburban-capital, and urban-capital hospitals. The primary endpoint of this study was 30-day survival or discharged alive after an OHCA event.
The multivariable risk regression was done by modified Poisson regression with robust error variance to explore the association between 30-day
survival and pre-hospital factors with potential confounders adjustments.

Findings: Of 1,240 OHCA cases transferred by Emergency Medical Services (EMS), 42 patients (3.4%) were discharged alive after 30 days, includ-
ing 22 (8.6%), 8 (3.0%), and 12 (1.7%) from regional, suburban-capital, and urban-capital centres, respectively. The initial arrest rhythm was 89.7%
unshockable, with no significant variations across the three centres. Overall, bystander Cardiopulmonary Resuscitation (CPR) was 40.4%. However,
bystander CPR with Automated External Defibrillator (AED) application was 0.8%. Bystander CPR significantly increased 30-day survival probability
(aRR 1.88, 95% CI 1.01 to 3.51; p 0.049). Additionally, reducing the EMS response time by one minute significantly increased OHCA survivability
(aRR 1.12, 95% CI 1.04 to 1.20; p 0.001).

Conclusions: Response time and bystander CPR are the factors that improve the 30-day survival outcomes of OHCA patients. In contrast, scene
time, transport time, and pre-hospital advanced airway management didn’t improve 30-day OHCA survival.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is a global health concern.'™
From the meta-analysis in 2020, the global percentage of discharged
alive OHCA patients accounted for 8.8% based on 141 included
studies. The estimated survival rates showed significant differences
among the regions, which were Oceania (16.2%), Europe (11.7%),
North American (7.7%), and Asia (4.5%).° In Asia, most Emergency
Medical Services (EMS) were recently developed, particularly in
lower to middle-income countries. Moreover, previous studies
demonstrated various survival to discharge rates of OHCA patients
in the Asia-Pacific region, including Thailand, ranging from 0.5 to
8.5%."

Several factors are known to be associated with improved sur-
vival probability and neurological outcomes. Basic Life Support
(BLS) knowledge and skills, including recognizing cardiac arrest
events, appropriate Cardiopulmonary Resuscitation (CPR) tech-
niques, applying Automated External Defibrillator (AED), and calling
EMS, are the key factors associated with patients survival.>® Not
only aforementioned pre-hospital factors but the EMS system,
including the response time, initial treatment at the scene, patient
evaluation, along with to-hospital-transportation also potentially
increase survival rates and neurological outcomes.®®

Since EMS plays a vital role in OHCA survivability, countries with
developed EMS systems have more potential to increase OHCA sur-
vival.*® EMS system development is a crucial factor for enhancing
pre-hospital care and improved OHCA survival in countries with
developing systems. A prior study in Thailand observed a bystander
CPR rate of 15.8%, a bystander defibrillation rate of 0.3%, and a sur-
vival rate of 4.2%.* However, these data were obtained from a single
centre which might not be applicable to OHCA in other regions. To
date, data are still lacking to identify which factors are related to
improving survival outcome, for instance, EMS response time and
scene time. Moreover, when integrating with other studies from
different populations in Thailand, a variation of survivability is likely
to be regional.*”'%"!

Therefore, additional evidence is warranted to establish the
potential direction and national policy for EMS system improvement
in countries where EMS systems have been recently developed.
Therefore a retrospective multi-centre cohort study, which repre-
sented different contexts in Thailand, was conducted. This study
aimed to explore the significant pre-hospital factors affecting the sur-
vivability of OHCA patients.

Methods

Study design, setting, and population

We conducted a retrospective cohort study examining data from Jan-
uary 1, 2017 to December 31, 2020 of the three Utstein Registry
databases in Thailand. Data were collected through the Pan-Asian
Resuscitation Outcomes Study (PAROS). We included patients with
OHCA who were 18 years of age or older and excluded all traumatic
patients. Cardiac arrest was defined and confirmed by the absence
of circulation signs. Non-EMS patients, transported by private cars
and first responders, were also excluded from this study. Data were
collected from three centres, including a regional hospital (Maharaj
Nakorn Chiang Mai Hospital), a suburban-capital hospital (Siriraj
Hospital), and an urban-capital hospital (Rajavithi Hospital). Each

centre has its own EMS system and protocols. The characteristics
of the three EMS centres are described in Table 1. Each centre sub-
mitted anonymized patient data in both EMS and hospital parts. The
study protocol was approved by the Ethics Committee of the Faculty
of Medicine, Chiang Mai University. (Study code: COM-2564—-08134)
The requirement for individual informed consent was waived. The
study flow diagram is provided in Fig. 1.

Data collection and quality control

Data were collected through PAROS, the system based on the
Utstein template guidelines for reporting OHCA. The quality and
accuracy of data collection across the three centres were partially
ensured by using a standardized database and its relational data-
base properties. Moreover, there was a PAROS orientation at the
national OHCA conference to ensure that data collection and data
entry patterns and methods were consistent. The information
included details of the patient’'s age, gender, ethnicity, witness sta-
tus, initial rhythm, the shock delivered, time course, bystander
CPR, airway management, intravenous treatment, return of sponta-
neous circulation (ROSC), hospital resuscitation, one-month sur-
vival, and neurological status one month after the event. The paper
data form was filled out either by the EMS personnel in charge of
the patients or the physician in the emergency room responsible
for the patients. The data from the paper forms were then later
entered into the PAROS registry system by the centre’s coordinator
or medical personnel. The data of each centre can only be accessed
by the centre. If a data form was incomplete, the PAROS system
would flag each incomplete case. The centre coordinator would cor-
rect and add the missing information. The completed data for this
study were retrieved independently, with each centre’s authorization
and ethical approval. As a well-organized follow-up of all cases in
each centre was not successful, some Cerebral Performance Cate-
gory (CPC) results were missed, and it was not possible to retrieve
them at the time of analysis.

Variables

The primary endpoint of this study was 30-day survival or discharged
alive after an out-of-hospital cardiac arrest event. Pre-hospital infor-
mation of OHCA patients was retrieved from the PAROS database,
including a history of witnessed arrest, bystander CPR, bystander
CPR with AED application, pre-hospital advanced airway manage-
ment, and pre-hospital defibrillation. Time responses of the EMS sys-
tems in three centres were calculated and divided into three main
periods, which consist of a response time (a time EMS received
the call to the time of EMS arrival at the scene), scene time (the time
of EMS arrival at the scene to the time of EMS departure from the
scene) and transport time (the time of EMS departure from scene
to arrival at the emergency department). Patient characteristics,
co-morbidity, estimated Charlson Co-morbidity Index (CCI), first
arrest shockable rhythm, witnessed arrest, and cause of arrest,
which are the potential confounders of OHCA survival, were also pro-
vided for the explanatory analysis. The Charlson Co-morbidity Index
in our study was an estimated score because the score from co-
morbidity variables was assumed in some predictors (e.g., +1 score
from having heart diseases that might be either or both (+1) previous
MI and (+1) congestive heart failure).

Statistical methods
Descriptive analysis was performed using frequency and percentage
for categorical data, estimates, and variation for continuous data.
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Table 1 - Comparison

of EMS Centres Characteristics.

Hospital/service region  Urban capital Suburban capital Regional
City Bangkok Bangkok Chiang Mai
Service area population 1,200,000 103,800 50,000
Population density (per 15,000 8,650 8,300

km?)
No. of ambulances

No. of hospitals

No. of participating EMS
Agencies
Ambulance:population
ratio

Type of providers

Operation of ambulance

Tiered response
Resuscitation protocol

7 ALS teams, 15 BLS teams (including network1 ALS team 1 BLS per shift

organization)

1

3

1:68,100

EMS doctor, EMS Nurse, EMT-B

Hospital-based and non-profit community

BLS and ALS
Both Scoop and Run and Stay and Play

1

1:50,000

Emergency nurse practitioner,

EMT

Hospital-based and non-profit

community
BLS and ALS
Scoop and Run

1 ALS team 1 BLS per shift

1
6

1:25,000

EMT,Paramedic, Doctor, Nurse
Hospital-based and non-profit
community

BLS and ALS
Scoop and Run

EMT, Emergency Medical Technician; EMT-B, Emergency Medical Technician Basic; ALS, Advanced Life Support; BLS, Basic Life Support.

[ 1863 Patients with Out-of-Hospital cardiac arrest in Thai PAROS database from 2017-2020 ]

74 excluded as
arrested from

traumatic causes

A 4 \4

21 excluded as
arrested from
traumatic causes

8 excluded as
arrested from
traumatic causes

Y

[ 380 Regional hospital ]

[ 544 Suburban-capital hospital ] [ 836 Urban-capital hospital ]

112 excluded as
transported by
non-EMS

12 excluded
age < 18 years

v \ 4

[

256 EMS patients ]

258 excluded as
transported by
non-EMS

14 excluded
age < 18 years

122 excluded
as transported
by non-EMS
2 excluded
age < 18 years

v

[ 272 EMS patients ]

[ 712 EMS patients ]

At scene or en-route

28 ROSC 50 ROSC
12 dead 51 dead
AtED AtED
118 ROSC 72 ROSC
165 dead 166 dead

At scene or en-route

331 dead
AtED

85 ROSC
226 dead

At scene or en-route
147 ROSC

A\ 4

1240 Out-of-Hospital cardiac arrest patient’s
records were retrieved for data analysis

Fig. 1 - Flow Diagram of a Retrospective Cohort Study in OHCA Patients. EMS, Emergency Medical Services; OHCA,
Out-of-Hospital Cardiac Arrest; PAROS, Pan-Asian Resuscitation Outcomes Study; ROSC, Return of Spontaneous

Circulation.
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Chi-square test of independence was applied to the categorical uni-
variable comparison between the three EMS centres. For continuous
data, ANOVA and Kruskal-Wallis test with post-hoc adjustment was
performed for parametric and non-parametric data, respectively. The
multivariable risk regression was done by modified Poisson regres-
sion with robust error variance to explore the association between
30-day survival and pre-hospital factors. These included response
time, scene time, transport time, bystander CPR, pre-hospital defib-
rillation, and pre-hospital advanced airway management. The poten-
tial confounders adjustment were pre-defined by established
evidence including age, gender, ethnicity, first arrest shockable
rhythm, cardiac aetiology, estimated Charlson Co-morbidity Index,
and witnessed arrest. All statistical analysis was performed via the
STATA software package (Stata Corp. 2019. Stata Statistical Soft-
ware: Release 16. College Station, TX: Stata Corp LLC.).

Results

Patient characteristics

Between 2017 and 2020, 1760 reported non-traumatic OHCA cases
in Thai PAROS were collected from three distinct EMS locations. As
shown in Fig. 1, 520 individuals were excluded from non-EMS trans-
fers and pediatric cases under 18 years. Of 1240 cases transferred
by EMS, 42 patients (3.4%) were discharged alive after 30 days,
including 22 (8.6%), 8 (3.0%), and 12 (1.7%) from regional, suburban
capital, and urban capital EMS centres, respectively. Table 2 shows
how the distribution of patient characteristics differed between three
EMS centres. Male patients were the majority in all centres, with no
significant differences in male gender percentages across regional
(66.4%), suburban capital (61.0%), and urban capital (65.7%) EMS
centres (p 0.324). There was a significant variation in the mean
age (years + SD) of patients in regional, suburban capital, and urban
capital centres, which were 54.4 +21.8,66.1 +17.3,and 61.8 + 19.1,
respectively (p < 0.001). The proportion of Thai patients and other
nationalities in the three centres also significantly differed
(p < 0.001), particularly in the urban capital centre where the majority
were other nationalities (62.4%). In contrast, most of the patients in
regional (85.2%) and sub-urban hospitals (98.5%) were Thai. Cases
in both capital centres had a significantly higher prevalence of heart
disease, hypertension, type 2 diabetes, and cancer than those in the
regional centre. As a result, we calculated the estimated Charlson
Co-morbidity Index (CCl), which indicated an individual’'s baseline
morbidity and mortality risk. Also, the mean estimated CCI of the
patients from these centres differed significantly. Although presumed
cardiac aetiology was the leading cause of cardiac arrest in regional
(46.9%) and suburban capital centres (45.2%), 60.0% of OHCA
patients delivered by urban-capital EMS had cardiac arrest for rea-
sons other than cardiac aetiology (33.3%), and the proportion of car-
diac arrest causes still significantly varied by centres (p < 0.001). In
our study, the initial arrest rhythm was 89.7% unshockable, with no
significant variations across the three EMS centres. Lastly, the loca-
tions of OHCA occurrences were reported differently. The most
prevalent site was the home residence, which accounted for 50.4%
in the regional area, 83.5% in the suburban capital area, and
81.3% in the urban capital area (p < 0.001).

Pre-hospital factors and EMS time response
From Table 2, other key pre-hospital factors, which include wit-
nessed arrest, bystander CPR, and bystander CPR with AED

applied, all revealed a significant difference between the three cen-
tres, except for pre-hospital defibrillation. The percentage of arrests
was significantly different in the three areas. It was highest in the
suburban capital area (73.9%), in the urban capital area (55.5%),
and in the regional area (50.0%) (p < 0.001). The incidence of
bystander CPR also significantly varied; highest in the suburban cap-
ital area (46.0%), in the urban capital area (43.5%), and the regional
area (25.8%) (p < 0.001). However, bystander CPR with AED appli-
cation was only 0.8% nationally. The percentage of pre-hospital
advanced airway management varied depending on each centre’s
local protocols. As indicated in Table 3, regional EMS median
response time, median scene time, and median transport time were
significantly faster than EMS centres in the capital area. Comparing
the two capital EMS centres, urban EMS response time was consid-
erably shorter than suburban EMS. Despite this, urban EMS median
scene time and median transport time were longer than suburban
capital EMS. Overall, the box plot of EMS response times is illus-
trated in Fig. 2.

Associated predictors of OHCA survivability in pre-hospital
period

The multivariable analysis with potential confounders adjustment is
reported in Table 4. Bystander CPR significantly increased the 30-
day discharged alive probability by 1.88 times. Additionally, reducing
the EMS response time by one minute significantly increased OHCA
survivability. However, other predictors, including pre-hospital defib-
rillation, pre-hospital advanced airway management, shortened
scene time, and transport time, were not shown to be significantly
associated.

Discussion

In this study, OHCA 30-day survival rates in the three hospitals were
significantly different; regional hospital (8.6%), suburban capital hos-
pital (3.0%), and urban capital hospital (1.7%). However, many fac-
tors influenced OHCA survivability in different contexts. Therefore,
we aimed to determine the association of pre-hospital predictors
and 30-day survival of OHCA patients in Thailand, which is a low-
middle-income country and has a developing EMS system. Our
results showed that a decrease of one minute in the response time
was significantly associated with increasing survivability of OHCA
patients. Furthermore, receiving bystander CPR is another important
predictor that independently increased OHCA survival. Nevertheless,
the benefit of bystander AED application and pre-hospital defibrilla-
tion were inconclusive from our results because approximately
89.7% of the cases had an initially unshockable rhythm, and the
number of bystander AED applications was too low. However, pre-
hospital advanced airway management, scene time, and transport
time were conclusively not associated with the 30-day survival of
OHCA patients.

Interpretation and generalizability

In our study, the percentage of discharged alive OHCA patients was
similar to a previous study.* When compared to other countries with
advanced EMS systems, the survival rate of OHCA in Thailand is
lower.® 2% In developing EMS countries, such as Thailand, measur-
ing OHCA survival is an important first step in identifying those pro-
cedures that can improve survival outcomes. The national policy
should focus on reducing response time, increasing bystander
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Table 2 - Comparison of OHCA patient characteristics and outcomes in three hospitals.

Patient Characteristics Thailand OHCA Data Collection Centres (Total = 1240) P-value
Regional hospital Suburban-capital Urban-capital hospital
(n = 256) hospital (n = 272) (n=712)
N (%) N (%) N (%)
Age, mean + SD, year 54.4 2 +21.8 66.1° +17.3 61.8° +19.1 < 0.001
Male 170 66.4 166 61.0 468 65.7 0.324
Ethnicity
Thai 218 85.2 268 98.5 268 37.6 < 0.001
Other 38 14.8 4 1.5 444 62.4
Co-morbidity
Heart disease 25 9.5 60 26.1 126 17.7 0.015
Diabetes Mellitus 36 14.1 65 23.9 151 21.2 0.013
Cancer 14 5.5 32 13.9 73 10.3 0.007
Hypertension 62 24.2 97 35.6 209 29.4 0.015
Renal disease 23 8.9 25 10.9 65 9.1 0.707
Respiratory disease 18 7.0 15 6.5 59 8.3 0.321
Dyslipidemia 19 7.4 21 7.7 33 4.6 0.093
Stroke 13 5.1 26 9.56 44 6.2 0.084
HIV 3 1.2 2 0.7 7 1.0 0.875
Other 49 19.14 35 12.87 107 15.0 0.125
Estimate Charlson Co-morbidity Index (CCI), mean + SD2 2 +2 40 +2 3° +2 < 0.001
Location type
Home Residence 129 50.4 227 83.5 579 81.3 < 0.001
Street/Highway 55 215 15 5.5 53 7.4
Public/Commercial Building 54 211 16 5.9 58 8.2
Healthcare Facility 15 5.8 9 3.3 15 2.1
Other 3 1.2 5 1.8 7 1.0
Cause of arrest
Presumed Cardiac Aetiology 120 46.9 123 45.2 237 33.3 < 0.001
Respiratory 60 234 41 15.1 48 6.7
Other 76 29.7 108 39.7 427 60.0
First arrest rhythm
vShockable rhythm 32 12,5 31 11.4 65 9.1 0.253
Unshockable rhythm 224 87.5 241 88.6 647 90.9
Witnessed arrest 128 50.0 201 73.9 395 55.5 < 0.001
Bystander CPR 66 25.8 125 46.0 310 43.5 < 0.001
Bystander CPR with AED application 0 0.0 2 0.7 8 1.1 0.224
Pre-hospital defibrillation 45 17.6 65 24.9 126 17.7 0.031
Pre-hospital advanced airway management 109 42.6 136 50.0 511 71.8 < 0.001
Discharged alive 22 8.6 8 3.0 12 1.7 < 0.001
Cerebral Performance 1 4.5 3 37.5 - -
Categories Scale 1-2
Cerebral Performance - - 1 12.5 1 8.4
Categories Scale 3—4
Unknown/Missing 21 95.5 4 50.0 11 91.6

Significant pairwise comparison by Tukey’s method (p < 0.05): 2 regional vs. suburban-capital, ® suburban- capital vs. urban-capital, © urban-capital vs. regional.

Table 3 - Comparison of EMS times in pre-hospital period between three hospitals.

Times (minutes) Thailand OHCA Data Collection Centres (Total = 1240) P-value
Regional hospital (n = 256) Suburban-capital hospital (n = 272) Urban-capital hospital (n = 712)
median (IQR) median (IQR) median (IQR)
Response time 7 2 (4-9) 11P (9-15) 8° (4-13) < 0.001
Scene time 152 (9-22) 20° (13-26) 22° (15-33) < 0.001
Transport time 4 @ (2-9) 9° (7—11) 11° (7-18) < 0.001

Significant pairwise comparison by Bonferroni’s method (p < 0.05): 2 regional vs. suburban-capital, ® suburban- capital vs. urban-capital, ® urban-capital vs.

regional.
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Fig. 2 - Overall EMS times of three hospitals in Thailand. Overall EMS times of three hospitals: Median response time
(IQR) was 9 minutes (4-13). Median scene time was 20 minutes (13-28). Median time to ED was 9 minutes (4-13).

Table 4 - Predictors of discharged alive OHCA patients during pre-hospital period by the Multivariable risk

regression analysis.

Pre-hospital Predictors Adjusted relative risk 95% ClI P-value
Decreasing response time (minute) 1.12 1.04-1.20 0.001
Decreasing Scene time (minute) 1.03 0.99-1.07 0.112
Decreasing Transport time (minute) 1.00 0.99-1.01 0.936
Bystander CPR 1.88 1.01-3.51 0.049
Pre-hospital defibrillation 1.30 0.46-3.68 0.619
Pre-hospital advanced airway management 0.82 0.41 -1.62 0.563

Adjusted variables in the explanatory model: age, gender, ethnicity, first arrest shockable rhythm, cardiac aetiology, estimate Charlson Co-morbidity Index,

witnessed arrest.

CPR and expanding registry participation. Considering the distinc-
tiveness of various pre-hospital factors among each centre, reducing
response time and increasing bystander CPR independently
increase the OHCA survival similar to other previous studies.® % '4""

In countries with developed EMS systems where 60.8% were
shockable, bystander CPR with AED application (16.1%) and pre-
hospital defibrillation(35.8%) were found to be significantly associ-
ated with OHCA survival.””2° In our study, bystander CPR with
AED application (0.8%) and pre-hospital defibrillation (19.0%) were
very low compared to countries with developed EMS systems. Our
study showed that pre-hospital defibrillation was not associated with
the OHCA survival due to the mentioned factors. Our findings were
similar to previous studies in countries with developing EMS
systems.*?":22

In our study, the pre-hospital period, scene time, and transport
time did not affect the OHCA survival rate. The only significant period
is the response time regardless of the hospital location, setting, and
patient characteristics.®'*'® Also, pre-hospital airway management
did not affect the OHCA survival rate in the same way.?*** In conclu-
sion, early bystander CPR and prompt EMS care are associated with

improved OHCA survival outcomes. Further efforts to expand reg-
istry participation and strengthen the chain of survival at the commu-
nity level will advance OHCA care in Thailand’s maturing EMS
systems.

This study might be helpful to other countries with similar devel-
oping EMS systems. The population in this study was also mainly
urban-like many conducted studies in capital and regional cities.*
However, the regional centre still could not represent a rural area
as it possessed a regional level hospital, so this study might not be
applicable to a rural setting with lower resources, less professional
medical support, and more difficulties in transportation. Future
research should include rural areas in the study. In developing
EMS countries, reducing response time and increasing bystander
CPR should be one of the first priorities in the EMS development pro-
cess and policy making decisions.*2"?2

Strength and limitations

This study is a multi-centre study in different settings, which repre-
sented both regional and capital areas and included a large OHCA
patient data in Thailand, a developing EMS system country. Further-
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more, all patient data were collected in a standardized database sys-
tem, which was specifically designed for the OHCA study. Therefore,
our study results could represent the performance of the EMS in
other countries with similar developing EMS systems and provide
development and policy for EMS systems in the future.

There were some limitations in this study. First, the population
of this study were only OHCA patients who were delivered by
EMS; therefore, the survival rates in this study might be overesti-
mated. Non-EMS cases were excluded since the estimated arrest
time could not be collected accurately in the non-EMS cases. Sec-
ond, there are some factors affecting survival, including quality
CPR, CPR duration, and pharmacotherapy which could not be
shown in this study. Event outcomes, including 1-year-
survivability and neurological outcomes, were also not shown in
this study. Well-organized follow-up of cases in each centre was
not successful, Cerebral Performance Category (CPC) results
were lost, and it was not possible to trace them at the time of
analysis. Third, the three centres that we collected data from
might not represent all rural areas of the country. Lastly, it should
be mentioned that the regression analysis may be underpowered
since the multivariable risk regression included many dependent
variables (both the explanatory variables and confounders). The
association between pre-hospital defibrillation and outcome was
not shown to have statistical significance because of the imprecise
effect estimation by the explanatory model. Although our multivari-
able analysis was affected by the number of variables in the
model, there is sufficient power to detect the precise effect estima-
tion of our main interest predictors, including time responses of
EMS and bystander CPR.

Conclusion

Response time and bystander CPR are the factors improving 30-day
survival outcomes of OHCA patients among the three centres, which
are improvable factors and could be improved by changes in govern-
ment policy. Reducing EMS response time and increasing bystander
CPR are the important goals that should be taken into consideration
in countries developing their EMS systems. In addition, increasing
the number of public AEDs should be encouraged. In contrast, scene
time, transport time, and pre-hospital advanced airway management,
regardless of the hospital setting and patient characteristics, didn’t
improve 30-day OHCA survival.

CRediT authorship contribution statement

The project administration and data validation in each hospital was
performed by Jirapong Supasaovapak, Sattha Riyapan, and Wachira
Wongtanasarasin. The study methodology was designed by Wachi-
ranun Sirikul, Chanodom Piankusol, and Borwon
Wittayachamnankul.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgment

Data collection at Rajavithi hospital was facilitated with contributions
from Mr.Panjasilpa Somboon and Mr.Saichol Saengchan. Data collec-
tion at Siriraj hospital was facilitated with contributions from Ms.Bong-
kot Somboonkul and Dr.Pakorn Roongsaenthong. Data collection at
Maharaj Nakorn Chiang Mai hospital was facilitated with contributions
from Ms.Sunisa Taja and Ms.Pannarat aramrerng. Parts of the manu-
script were written by Ms.Pitchaya Singhavejsakul, Mr.Komchan Wat-
tanasil, Mr.Nat Ungrungseesopon, and Mr.Sarunsorn Krintratun.

Funding sources

This study received USD 30,000 funding from the PAROS organiza-
tion for data collection facilitation. Rajavithi Hospital, as a country
representative, received the $30,000 from PAROS. The funding
was distributed to each hospital according to the number of cases
collected and entered in the PAROS database as data collection
incentives.

Author contribution

The idea for the article was initiated by Wachiranun Sirikul and
Chanodom Piankusol. Data acquisition was performed by Borwon
Wittayachamnankul, Sattha Riyapan, Jirapong Supasaovapak,
Wachira Wongtanasarasin, and Bryan McNally. Wachiranun Sir-
ikul performed data analysis. Interpretation of the study results was
done by Wachiranun Sirikul, Chanodom Piankusol, and Borwon
Wittayachamnankul. The first draft of the manuscript was written by
Wachiranun Sirikul and Chanodom Piankusol, and all authors
commented on a previous version of the manuscript. The final work
was critically revised by Bryan McNally. All authors read and
approved the final manuscript.

REFERENCES

1. Lim SL, Smith K, Dyson K, et al. Incidence and Outcomes of Out-of-
Hospital Cardiac Arrest in Singapore and Victoria: A Collaborative
Study. J Am Heart Assoc 2020;9:e015981.

2. Grasner JT, Lefering R, Koster RW, et al. EuReCa ONE-27 Nations,
ONE Europe, ONE Registry: A prospective one month analysis of
out-of-hospital cardiac arrest outcomes in 27 countries in Europe.
Resuscitation 2016;105:188-95.

3. Yan S, Gan Y, Jiang N, et al. The global survival rate among adult
out-of-hospital cardiac arrest patients who received cardiopulmonary
resuscitation: a systematic review and meta-analysis. Critical Care
2020;24.

4. Ong ME, Shin SD, De Souza NN, et al. Outcomes for out-of-hospital
cardiac arrests across 7 countries in Asia: The Pan Asian
Resuscitation Outcomes Study (PAROS). Resuscitation
2015;96:100-8.

5. Sasson C, Rogers MA, Dahl J, Kellermann AL. Predictors of survival
from out-of-hospital cardiac arrest: a systematic review and meta-
analysis. Circ Cardiovasc Qual Outcom 2010;3:63-81.

6. Huang JB, Lee KH, Ho YN, Tsai MT, Wu WT, Cheng FJ. Association
between pre-hospital prognostic factors on out-of-hospital cardiac
arrest in different age groups. BMC Emerg Med 2021;21:3.


http://refhub.elsevier.com/S2666-5204(21)00121-1/h0005
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0005
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0005
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0010
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0010
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0010
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0010
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0015
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0015
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0015
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0015
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0020
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0020
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0020
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0020
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0025
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0025
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0025
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0030
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0030
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0030

RESUSCITATIONPLUS

9 (2022) 100196

10.

11.

12.

13.

14.

15.

16.

. Merchant RM, Topjian AA, Panchal AR, et al. Part 1: Executive

Summary: 2020 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care. Circulation 2020;142(16_suppl_2):S337-57.

. Lee DW, Moon HJ, Heo NH, KoCarc C. Association between

ambulance response time and neurologic outcome in patients with
cardiac arrest. Am J Emerg Med 2019;37:1999-2003.

. Berdowski J, Berg RA, Tijssen JGP, Koster RW. Global incidences of

out-of-hospital cardiac arrest and survival rates: Systematic review of
67 prospective studies. Resuscitation 2010;81:1479-87.

Yeeheng U. Factors associated with successful resuscitation of out-
of-hospital cardiac arrest at Rajavithi Hospital’s Narenthorn
Emergency Medical Service Centre, Thailand. Asia Pac J Public
Health 2011;23:601-7.

Yeeheng U. Bystander Cardio-Pulmonary Resuscitation Practice
among Out- of- Hospital Cardiac Arrest. Thailand: Rajavithi
Hospital’s Narenthorn Emergency Medical Service Centre; 2018.
Grasner JT, Wnent J, Herlitz J, et al. Survival after out-of-hospital
cardiac arrest in Europe - Results of the EuReCa TWO study.
Resuscitation 2020;148:218-26.

Girotra S, van Diepen S, Nallamothu BK, et al. Regional Variation in
Out-of-Hospital Cardiac Arrest Survival in the United States.
Circulation 2016;133:2159-68.

Holmen J, Herlitz J, Ricksten SE, et al. Shortening Ambulance
Response Time Increases Survival in Out-of-Hospital Cardiac Arrest.
J Am Heart Assoc 2020;9:e017048.

Burger A, Wnent J, Bohn A, et al. The Effect of Ambulance
Response Time on Survival Following Out-of-Hospital Cardiac
Arrest. Dtsch Arztebl Int 2018;115:541-8.

Ono Y, Hayakawa M, lijima H, et al. The response time threshold for
predicting favourable neurological outcomes in patients with

17.

18.

19.

20.

21.

22.

23.

24.

bystander-witnessed out-of-hospital cardiac arrest. Resuscitation
2016;107:65-70.

Andersen LW, Holmberg MJ, Granfeldt A, et al. Neighborhood
characteristics, bystander automated external defibrillator use, and
patient outcomes in public out-of-hospital cardiac arrest.
Resuscitation 2018;126:72-9.

Weisfeldt ML, Sitlani CM, Ornato JP, et al. Survival after application
of automatic external defibrillators before arrival of the emergency
medical system: evaluation in the resuscitation outcomes consortium
population of 21 million. J Am Coll Cardiol 2010;55:1713-20.
Holmberg MJ, Vognsen M, Andersen MS, Donnino MW, Andersen
LW. Bystander automated external defibrillator use and clinical
outcomes after out-of-hospital cardiac arrest: A systematic review
and meta-analysis. Resuscitation 2017;120:77-87.

Pollack RA, Brown SP, Rea T, et al. Impact of Bystander Automated
External Defibrillator Use on Survival and Functional Outcomes in
Shockable Observed Public Cardiac Arrests. Circulation
2018;137:2104-13.

Hoang BH, Do NS, Vu DH, et al. Outcomes for out-of-hospital
cardiac arrest transported to emergency departments in Hanoi,
Vietnam: A multi-centre observational study. Emerg Med Australas
2021;33(3):541-6.

Do SN, Luong CQ, Pham DT, et al. Survival after out-of-hospital
cardiac arrest, Viet Nam: multi-centre prospective cohort study. Bull
World Health Organ 2021;99:50—-61.

Okubo M, Komukai S, I1zawa J, et al. Pre-hospital advanced airway
management for paediatric patients with out-of-hospital cardiac
arrest: A nationwide cohort study. Resuscitation 2019;145:175-84.
Izawa J, Komukai S, Gibo K, et al. Pre-hospital advanced airway
management for adults with out-of-hospital cardiac arrest:
nationwide cohort study. BMJ 2019;364:1430.


http://refhub.elsevier.com/S2666-5204(21)00121-1/h0035
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0035
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0035
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0035
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0040
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0040
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0040
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0045
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0045
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0045
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0055
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0055
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0055
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0055
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0060
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0060
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0060
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0065
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0065
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0065
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0070
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0070
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0070
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0075
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0075
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0075
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0080
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0080
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0080
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0085
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0085
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0085
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0085
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0090
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0090
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0090
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0090
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0095
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0095
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0095
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0095
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0100
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0100
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0100
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0100
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0105
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0105
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0105
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0105
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0110
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0110
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0110
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0110
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0115
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0115
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0115
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0120
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0120
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0120
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0125
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0125
http://refhub.elsevier.com/S2666-5204(21)00121-1/h0125

	A retrospective multi-centre cohort study:�Pre-hospital survival factors of out-of-hospital�cardiac arrest (OHCA) patients in Thailand
	Introduction
	Methods
	Study design, setting, and population
	Data collection and quality control
	Variables
	Statistical methods

	Results
	Patient characteristics
	Pre-hospital factors and EMS time response
	Associated predictors of OHCA survivability in pre-hospital period

	Discussion
	Interpretation and generalizability
	Strength and limitations

	Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	ack18
	Acknowledgment
	Funding sources
	Author contribution
	References


