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Abstract
Background: Community first responders (CFRs) strengthen the Chain of Survival for out-of-hospital cardiac arrest (OHCA) care. Considerable

efforts have been invested in Singapore’s CFR program, during the years 2016–2020, by developing an app-based activation system called

myResponder. This paper reports on national CFR response indicators to evaluate the real-world impact of these efforts. Methods: We matched

data from the Singapore Civil Defence Force’s CFR registry with the Pan Asian Resuscitation Outcomes Study (PAROS) registry data to calculate

performance indicators. These included the number of CFRs receiving and accepting an issued alert per OHCA event. Also calculated were the

fraction of OHCA events where CFRs received an issued alert, or accepted the alert, and arrived at the scene either before or after EMS. We also

present trends of these indicators and compare the prevalence of these fractions between the CFR-attended and CFR-unattended OHCA events.

Results: Of 6577 alerted OHCA events, 42.7% accepted an alert, 50% of these arrived at the scene and 71% of them arrived before EMS. Almost all

CFR response indicators improved over time even for the pandemic year (2020). The fraction of OHCA events where >2 CFRs received an alert

increased from 62% to 96%; the same figure for accepting an alert did not change much but >2 CFRs arriving at the scene increased from 0%

to 7.5%. The fraction of OHCA events with an automated external defibrillator applied and defibrillation performed by CFR increased from 4.2%

to 10.3% and 1.6% to 3%, respectively. Statistically significant differences were observed in these indicators when CFR-attended and CFR-

unattended OHCA events were compared. Conclusion: This real-world study shows that activating CFRs using mobile technology can improve com-

munity response to OHCA and are bearing fruit in Singapore at a national level. Some targets for improvement and future research are highlighted in

this report.

Keywords: Out-of-hospital cardiac arrest, OHCA, Community First Responder, myResponder, Pre-hospital Emergency Care, CPR, AED,
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Introduction

Community First Responders (CFRs) are the volunteers who

respond when they are alerted to emergencies, like an out-of-

hospital cardiac arrest (OHCA) event, near them. They can help

improve the timeliness and quality of on-site OHCA care. CFRs

can help reduce response times, deliver life-saving interventions,

and improve OHCA outcomes especially when linked to the dispatch

centre and the emergency medical services (EMS) system.
Many countries capitalize on the CFRs by connecting them to

EMS system through a mobile phone application.1–3 Experience from

systems across the globe suggests that a CFR program increases

the chances to initiate at-scene OHCA care such as cardiopulmonary

resuscitation (CPR) and defibrillation before the ambulance arrives

and decreases the time to initiate it.4–7

The evidence from Singapore suggests that the odds of receiving

bystander CPR increased from 6.16 to 7�66 times when a CFR pro-

gram was added to dispatcher-assisted CPR and CPR training pro-

grams as compared to no intervention; similarly, the odds of survival
ns.

ore

http://crossmark.crossref.org/dialog/?doi=10.1016/j.resplu.2023.100486&domain=pdf
https://doi.org/10.1016/j.resplu.2023.100486
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:marcus.ong@duke-nus.edu.sg
https://doi.org/10.1016/j.resplu.2023.100486
https://doi.org/10.1016/j.resplu.2023.100486
http://www.sciencedirect.com/science/journal/26665204
http://www.elsevier.com/locate/resuscitation-plus


Fig. 1 – Screenshot of myResponder dashboard with

information on cumulative registered and active CFRs,

and number of cumulative cardiac arrest and fire cases

responded to as of May 3, 2023. Active CFRs are defined

as responders who turned on notifications for medical

and/or fire alerts at any given point.
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to discharge increased to 3�10 [95% CI 1�53–6�26] times when the

CFR program was added to the other interventions as compared to

no intervention.8 A Cochrane systematic review concluded, based

on collated evidence, that a CFR program does seem to increase

the likelihood of receiving CPR and defibrillation, although the

authors couldn’t conduct a meta-analysis due to the paucity of

methodologically similar studies.3 The ultimate objective, however,

is to improve the clinical outcomes of OHCA patients through early

CPR delivery and AED application by the CFRs.

In Singapore, a national app-driven CFR program was initiated in

April 2015 by the Singapore Civil Defence Force (SCDF) and Unit for

Prehospital Emergency Care (UPEC), Ministry of Health. SCDF is a

uniformed organization that provides emergency services including

the national ambulance service and maintains a large cohort of on-

foot and vehicle-based CFR volunteers. The latter includes taxi dri-

vers, private hire drivers, postal workers and delivery vans carrying

Automated External Defibrillators (AEDs),and trained in CPR+AED

skills under the ‘AED-on-Wheels’ program9. Currently, over

136,000 CFRs are registered with SCDF, and this number is

expected to increase. All CFRs are linked to the SCDF through the

‘myResponder’ mobile phone application, which keeps a record of

the number of OHCA events attended by the CFRs. As of now,

61,430 suspected OHCA cases have been attended by CFRs since

its inception (Fig. 1). myResponder app is also linked to the national

AED registry hence displays public access defibrillator locations.

A CFR program has the potential to alert nearby individuals, have

them arrive at the scene before the ambulance arrives, ideally pick-

ing an AED on their way, deliver CPR and defibrillate to resuscitate

the patient. Some of these steps also prepare the patient for imme-

diate initiation of advanced care by EMS.

We previously reported on Singapore’s CFR program, providing

myResponder mobile application details and selected performance

indicators.9 A comprehensive exploration of CFRs’ performance

has yet to be conducted. In this paper, we, therefore, explored Sin-

gapore’s CFR program response dynamics over the past 5 years

and present the characteristics of OHCA patients where either

CFR arrived before EMS, after EMS or did not arrive at all. We also

assess the association of CFRs’ arrival status with clinical outcomes

for the cases where CFRs responded.

Methods

Settings

Densely populated equatorial island of Singapore has a national

ambulance service managed by the Singapore Civil Defence Force

(SCDF), working under the Ministry of Home Affairs.10 The system

includes a dispatch centre, a fleet of ambulances and fire-fighter

responders and a network of volunteers connected through the

‘myResponder’ mobile application. The ambulance service can be

activated free of charge by calling 9–9-5. The dispatch centre

receives calls, assesses the cases, initiates telephone-CPR and dis-

patches ambulances. Simultaneously, it sends an alert to the

myResponder app users in case of a suspected OHCA.

Study design and data source

We designed a retrospective analysis of data available through two

prospectively maintained registries. We identified the OHCA cases

from the Singapore Pan Asian Resuscitation Outcomes Study
(PAROS) registry, maintained by UPEC, under the Ministry of

Health. We obtained the matching CFR data from SCDF’s Volunteer

and Community Partnership Department which maintains the

myResponder app.



Fig. 2 – Community first responder program for

confirmed Out-of-hospital cardiac arrest (OHCA)

events in Singapore: Event selection and system

function. (Percentages presented before the ‘|’ sign

reflect the fraction of all the eligible cases, whereas

the ones presented after are the proportion from the

subset above). *Some of these CFRs might have arrived

before EMS but forgot to log the time through app.

R E S U S C I T A T I O N P L U S 1 6 ( 2 0 2 3 ) 1 0 0 4 8 6 3
Singapore’s Community first responder program

Alerting a CFR is a multi-step process. Once a suspected OHCA

event call is made through 9–9-5, the SCDF dispatch centre sends

an alert through myResponder which can be responded to until an

ambulance arrives at the scene. To receive this alert, an on-foot

CFR should be within the radius of 400 meters whereas a vehicle-

based CFR should be within the radius of 1.5 kilometres of an event

carrying a mobile phone with active myResponder app, else the alert

remains unreceived.11 Both on–foot CFR and vehicle-based CFR

are alerted via the same process. If one or more CFRs receive an

alert, any or all may choose to respond by tapping on the ‘Accept’

button on the app screen alerting SCDF of their decision after which

the app displays the precise OHCA event location as well as the

location of nearby AEDs, there is no restriction on the number of

CFR that can accept the same mission. Currently for on-foot CFR,

fetching an AED is based on CFR’s initiative by using the information

on nearby AED location shown on the app. The CFR will not be able

to know if someone else e.g., a vehicle-based CFR is bringing an

AED to the scene. Once at the patient’s side, they need to tap on

the ‘Arrive’ button informing the SCDF of their arrival and registering

arrival time. If a CFR arrives before the ambulance, they provide the

required care as per their training. If more than one CFR arrives

before EMS, one takes the lead, and others help. If they arrive after

the ambulance, they may help EMS crew.

We included all adult (�18 years) OHCA patients managed

through the SCDF-managed EMS system between 1 January

2016, and 31 December 2020 where CFR accepted to respond

excluding EMS-witnessed events. CFR are alerted to all cases

including those under 18 years. However, OHCA cases of age <=

17 years old were excluded from this analysis.

This study was exempted by SingHealth Centralised Institutional

Review Board (CIRB ref: 2018/2937) as it analyzed de-identified

data from the national cardiac arrest registry.

We enumerated the numbers OHCA events at each CFR

response step calculating two proportions of the OHCA events: a)

out of total OHCA events; and b) out of the previous step; these pro-

portions provided different information about the CFR program: a)

overall coverage of OHCA events; b) the point of greatest attrition.

From this point onward, we focused on those OHCA events where

a CFR accepted an alert because including the events where an alert

was either not issued or not received will unduly reduce the effect of

CFR response. We reported the distribution of OHCA event charac-

teristics. We reported the yearly distribution of OHCA events for each

CFR response step and for the selected characteristics. We graphi-

cally presented the trends of clinical outcomes in the background of

changing pattern of CFR’s arrival at patient side and arrival at patient

side before EMS. Finally, we compared the clinical outcomes of the

OHCA events where CFR arrived at patient side versus not, to eval-

uate the effect of CFR presence at the scene using chi square test at

type I error of 5%. We used Microsoft� Excel� 2019 and IBM�

SPSS� Statistics Software v23 for the analysis.

Results

Out of 6577 OHCA cases alerts issued, 57,879 non-unique CFRs

received an alert with a median of 8 CFRs activated per alert (25th

percentile [Q1], 75th percentile [Q3]: 4, 12). Of those receiving an

alert, 8% (4653/57,879) accepted an alert and 3% (1787/57,879)

arrived at the scene. From 4653 accepting an alert 38% (n = 1787)
arrived at the scene. From 57,879 CFRs receiving an alert, 95.9%

(n = 55,550) were on-foot CFRs whereas the rest were vehicle-

based CFRs. More details are available in Fig. 2.

Out of the 55,500 on-foot CFRs receiving an alert 3.1%

(n = 1740) arrived at the scene, whereas out of the 2364 vehicle-

based CFRs receiving an alert 2% (n = 47) arrived at the scene even

though acceptance rate in both the groups was similar (8%

[n = 4449] vs 8.5% [n = 203], respectively).

The number of CFRs alerted over the years changed from 4139

in 2016 to 11,946 in 2020, the pandemic year. The peak was

observed in 2019 where 19,026 CFRs were alerted. The 2020 dip

was because 57% fewer alerts were issued as compared to 2019.

The median number of the CFRs receiving an alert increased over

the years from 3 to 12 CFRs per event. Similarly, Q1 values

increased from 2 to 8, and Q3 values increased from 5 to 17 per

event. The rising median trend remained unaffected by the pan-

demic. These values primarily reflect the trend of on-foot CFRs as



Table 1 – Characteristics of OHCA events by CFR response where the alert was received by CFRs in Singapore
(2016–2020).

Characteristics Alert

received

Alert Accepted CFR arrived at the scene

No Yesa Before

EMSb
After EMSc Not Arrivedd

n = 6577 n = 3767

(57.2) §
n = 2810

(42.8) §
n = 997

(15.2) §
n = 410

(6.2) §
n = 5170

(78.6) §

Alert received by On-foot CFR 4663 2698 (57.9) 1965 (42.1) 715 (15.3) 291 (6.2) 3657 (78.4)

Vehicle-based

CFR

63 56 (88.9) 7 (11.1) 1 (1.6) 1 (1.6) 61 (96.8)

Both 1851 1013 (54.7) 838 (45.3) 281 (15.2) 118 (6.4) 1452 (78.4)

Location of arrest Public 836 499 (59.7) 337 (40.3) 104 (12.4) 58 (6.9) 674 (80.6)

Residence/

home

5741 3268 (56.9) 2473 (43.1) 893 (15.6) 352 (6.1) 4496 (78.3)

Time call received at

dispatch centre

00:00–05:59 909 639 (70.3) 270 (29.7) 80 (8.8) 34 (3.7) 795 (87.5)

06:00–18:59 4348 2517 (57.9) 1831 (42.1) 649 (14.9) 258 (5.9) 3441 (79.1)

19:00–23:59 1320 611 (46.3) 709 (53.7) 268 (20.3) 118 (8.9) 934 (70.8)

First rhythm* Non-shockable 5500 3171 (57.7) 2329 (42.3) 831 (15.1) 336 (6.1) 4333 (78.8)

Shockable 1027 568 (55.3) 459 (44.7) 156 (15.2) 70 (6.8) 801 (78.0)

Arrest witnessed No 3508 2006 (57.2) 1502 (42.8) 534 (15.2) 222 (6.3) 2752 (78.4)

Yes 3069 1761 (57.4) 1308 (42.6) 463 (15.1) 188 (6.1) 2418 (78.8)

CFR: Community first responder; Column of alert received is the total cohort of analysis; *: Unknown rhythms excluded; §: percent of 6577; Values in the cells are: n
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the vehicle-based CFRs were only a very small proportion of total

number of CFRs who received an alert.

Table 1 displays the distribution of the selected characteristics of

OHCA events across different steps of the CFR response system. It

shows that the system primarily capitalizes on the on-foot CFRs who

received alert in almost all (99%; including ‘both’) of the OHCA

events. OHCAs happening between, 19:00–23:59 compared to the

2 other time categories (00:00–05:59, 06:00–18:59) had higher pro-

portion of alert acceptance (53.7% vs 29.7% vs 42.1%) and CFR

arriving at the scene before EMS (20.3% vs 8.8% vs 14.9%). All

other OHCA event characteristics such as location, first rhythm

and witnessed status did not show any notable difference in propor-

tion of OHCAs with at least 1 CFR accepting alert and at least 1 CFR

arriving before EMS. In a subgroup analysis where CFR arrived

before EMS (N = 997), the median (Q1, Q3) time difference from

call-to-arrival at patient’s side between EMS and CFR was 3.3

(1.7, 5.7) minutes.

Table 2 shows an increasing CFR density during the study period

in Singapore. The pandemic year did slow down the registration,

however. The table also provides the rising response trend of CFRs

receiving (Median no. of CFR: 3 in 2016 to 12 in 2020), accepting (%

of OHCAs: 35.1% in 2016 to 57.8% in 2020), and arriving at the

scene (% of OHCAs: 11.8% in 2016 to 36.2% in 2020) per OHCA

event occurring between 2016 and 2019. Out of 1914 OHCA cases

with taxis alerted over the whole period 2016–2020, only 2.4%

(46/1914) had at least 1 taxi CFR arriving at scene. However, there

was a higher percentage of defibrillation by non-EMS in the group

with at least 1 taxi CFR arriving at scene compared to the group with

no taxi CFR arriving, though not statistically significant [4.3% (2/46)

vs 2.1% (39/1868), p = 0.259, not shown but computed from data in

Table 2].

Fig. 3 displays the process indicator and clinical outcome trends

against the background of a rising number of OHCA attended by

CFRs and CFRs arriving before EMS. Bystander AED application
increased from 4.2% to 10.3% during this period as more OHCA

events were attended by CFRs and arriving before EMS.

Table 3 shows that there was a statistically significant association

between bystander CPR, bystander AED or defibrillation by non-

EMS and CFRs’ arrival at the scene. However, we did not find an

association between clinical outcomes and CFRs arrival at the

scene.

Discussion

Singapore’s Community First Responder Program is one of the key

components of the Save-A-Life initiative introduce in 2015.12 It

includes: a) country-wide deployment of publicly accessible AEDs

with their locations made available; b) training community volunteers

in saving lives in various emergencies, including OHCA events; and

c) deployment of the myResponder mobile application that links vol-

unteers to the AEDs and OHCA or fire events.12

This is the first detailed evaluation of the CFR response dynamics

in Singapore since its inception in 2015. We analysed the data from

2016 onwards to eliminate the noise of teething issues in the first

year. We do note there was a gap between eligible OHCA and issued

alerts. This gap could be attributed to a few reasons such as: no CFR

available within the stipulated radius, the incident may have not pre-

sented as cardiac arrest at time of call but subsequently arrested

before EMS arrival, thus dispatcher did not issue the alert at time

of call, and EMS may not have accurately recognised the incident

as suspected OHCA or considered activating CFRs in the beginning

stages of app implementation.

The report highlights the fact that once an alert is issued it is

received by CFRs in 95% of the OHCA events (Fig. 2). This high rate

of alert receipt is likely a combined effect of the small geographic

area, dense population, numerous registered CFRs and universal

mobile phone and internet access. This observation contrasts with



Table 2 – The yearly trend of CFR density, EMS & CFR response per OHCA event and OHCA event characteristics
in Singapore (2016–2020).

CFR response & event characteristics Year

2016 2017 2018 2019 2020

OHCA events where an alert was received by a CFR [n (%)];

Total N = 6577

Number of registered CFRs^ 9299 18,956 26,259 49,797 51,164

Call to EMS arrival time (mins)$ 10.8 (8.8,

13.1)

12.3 (10.2,

15.1)

11.3 (9.5,

13.9)

10.9 (9.1, 12.9) 11 (9.5,

13.0)

Alert received by CFRs (n) 1,064 1,396 1,495 1,667 955

Median (min, max) 3 (1, 19) 7 (1, 59) 7 (1, 62) 10 (1, 81) 12 (1, 34)

One CFR* 201 (18.90) 60 (4.30) 66 (4.40) 21 (1.30) 16 (1.70)

Two CFRs* 195 (18.30) 89 (6.40) 89 (6.00) 36 (2.20) 1610

(96.60)

17 (1.80)

>2 CFRs* 668 (62.80) 1247 (89.30) 1340

(89.60)

922

(96.50)

CFR accepting alerts* 373 (35.1) 648 (46.4) 378 (25.3) 859 (51.5) 552 (57.8)

Median (min, max) 0 (0, 8) 0 (0, 13) 0 (0, 4) 1 (0, 6) 1 (0, 6)

Zero CFR* 691 (64.9) 748 (53.6) 1117 (74.7) 808 (48.5) 403 (42.2)

One CFR* 202 (19) 388 (27.8) 291 (19.5) 498 (29.9) 300 (31.4)

Two CFRs* 87 (8.2) 159 (11.4) 61 (4.1) 222 (13.3) 152 (15.9)

>2 CFRs* 84 (7.9) 101 (7.2) 26 (1.7) 139 (8.3) 100 (10.5)

CFR arriving at the scene 126 (11.8) 282 (20.2) 176 (11.8) 477 (28.6) 346 (36.2)

Median (min, max) 0 (0, 2) 0 (0, 4) 0 (0, 3) 0 (0, 4) 0 (0, 6)

Zero CFR* 938 (88.2) 1114 (79.8) 1319 (88.2) 1190 (71.4) 609 (63.8)

One CFR* 116 (10.9) 243 (17.4) 148 (9.9) 343 (20.6) 257 (26.9)

Two CFRs* 10 (0.9) 33 (2.4) 25 (1.7) 106 (6.4) 63 (6.6)

>2 CFRs* 0 (0) 6 (0.4) 3 (0.2) 28 (1.7) 26 (2.7)

OHCA events where at least one CFR responded to an alert by CFR type; Total N = 6577

On-foot CFR†
Alerted 1011 (95.0) 1391 (99.6) 1492 (99.8) 1666 (99.9) 954 (99.9)

Accepted 342 (32.1) 612 (43.8) 372 (24.9) 847 (50.8) 548 (57.4)

Arrived 113 (10.6) 267 (19.1) 175 (11.7) 473 (28.4) 344 (36.0)

Vehicle-based CFR†
Alerted 361 (33.9) 475 (34.0) 456 (30.5) 426 (25.6) 196 (20.5)

Accepted 79 (7.4) 76 (5.4) 10 (0.7) 25 (1.5) 9 (0.9)

Arrived 13 (1.2) 21 (1.5) 3 (0.2) 7 (0.4) 2 (0.2)

OHCA events with a CFR arriving at the patient’s side [n (%)]; Total N = 1,407

N 126 282 176 477 346

Time call received at dispatch centre

00:00–05:59 13 (10.30) 20 (7.10) 13 (7.40) 41 (8.60) 27 (7.80)

06:00–18:59 77 (61.10) 185 (65.60) 115 (65.30) 317 (66.50) 213

(61.60)

19:00–23:59 36 (28.60) 77 (27.30) 48 (27.30) 119 (24.90) 106

(30.60)

CFR arrived before EMS 84 (66.7) 228 (80.9) 130 (73.9) 332 (69.6) 223 (64.5)

Location of arrest

Public 17 (13.50) 27 (9.60) 31 (17.60) 50 (10.50) 37 (10.70)

Residence/home 109 (86.50) 255 (90.40) 145 (82.40) 427 (89.50) 309

(89.30)

Shockable rhythm

No 103 (82.40) 223 (80.80) 152 (86.40) 408 (86.40) 281

(81.70)

Yes 22 (17.60) 53 (19.20) 24 (13.60) 64 (13.60) 63 (18.30)

^Cumulative; *n (%). $Median (Q1, Q3); Statistics in the table are count (%) for categorical data and median (minimum, maximum) for continuous data. CFR:

community first responder who could be either an on-foot or a Vehicle-based. †Out of ‘Alert Received by CFRs’.
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other CFR systems where much smaller fraction of the alerts was

received. In the UK, 6.7% and 22% of the alerts were received by

CFRs.13 The catchment area of the alert in Singapore’s CFR system

was also much smaller than most other systems i.e., within 400

meters of an OHCA event location.2 Overall, the system’s access

to the CFRs was higher in Singapore.
Once an alert was received, it was accepted in 42% of OHCA

events, an increase of 12 percentage points from the previously

reported figure of 29.3%9 and double than that of other systems,

ranging between 23% to under 28%.2 Although much higher than

reported in other systems, the acceptance rate was still quite low

given that most OHCA occurs in awake hours in Singapore,



Fig. 3 – Trends of CFR response, bystander interventions and outcomes of OHCA cardiac arrest.

Table 3 – Association of outcomes of the Out-of-hospital cardiac arrest events with whether CFR arrived before
EMS in Singapore (2016–2020; n = 6577).

Outcomes Total CFR Arrived at the scene p-value

Before EMS After EMS Not arrived

(N=997) (N=410) (N=5170)

Bystander CPR

Yes 5624 (85.5) 889 (89.2) 342 (83.4) 4393 (85) 0.001

No 108 (10.8) 68 (16.4) 777 (15)

Bystander AED

Yes 496 (7.5) 151 (15.1) 47 (11.5) 298 (5.8) <0.001

No 846 (84.9) 363 (88.5) 4872 (94.2)

Defibrillation performed by non-EMS

Yes 138 (2.1) 35 (3.5) 8 (2) 95 (1.8) 0.003

No 962 (96.5) 402 (98) 5075 (98.2)

Prehospital ROSC

Yes 688 (10.5) 100 (10) 41 (10) 547 (10.6) 0.831

No 897 (90) 369 (90) 4623 (89.4)

30-day survival

Yes 287 (4.4) 39 (3.9) 18 (4.4) 230 (4.4) 0.749

No 958 (96.1) 392 (95.6) 4940 (95.6)

Statistics in table are count (%) for categorical data. Significance level = <0.05.

6 R E S U S C I T A T I O N P L U S 1 6 ( 2 0 2 3 ) 1 0 0 4 8 6
distances to walk are short and security was not an issue.14,15 CFRs

have anecdotally reported that the alerts received while onboard a

train or bus moving snugly through densely packed high-rise residen-

tial and office buildings restricts any action. This can imaginably be

the case where a CFR receives an alert as the train enters an active

OHCA alert zone with CFR unable to take any action. Other possible

reasons may include CFR fatigue due to frequent alerts or an

assumption that EMS will arrive before them resulting in a low accep-
tance rate. There is little systematic evidence to further comment on

these reports. Qualitative research aiming to know the barriers to

accepting an OHCA alert will help understand the factors causing

attrition at this step. This knowledge will help design tailored inter-

ventions to alleviate the lacuna.

Out of those CFRs who accepted the alert, half arrive at the

scene. This fraction changed little since last reported in 2019.9 Glob-

ally, this fraction ranges from 26% to 95%.2 This wide variation can
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be a manifestation of a variety of reasons including the distances to

be covered, physical barriers, weather, terrain, and the location

details available to a CFR.2 An inadvertent touch or lack of courage

after pressing the accept button can be also contribute to this attri-

tion.16 Though unpublished, some of the CFRs in Singapore reported

that they forgot to tap on the ‘Arrive’ button on the app as patient

management became the focus of attention. Prioritizing the patient

over an administrative step is understandable but has likely led to

considerable under reporting at this stage. The incomplete arrival

reporting of CFRs means our results are an underestimate and we

can safely assume that the system is performing somewhat better

than what the numbers are telling us. Going forward, implementing

automatic arrival detection with a delayed manual confirmation in

the app may reduce missing data.

Out of those CFRs who arrived at the scene, over 70% arrived

before EMS. In a dense, urban, real-life setting, 14% pre-EMS arrival

out of 13,308 alerted OHCA events over the study period is encour-

aging. Reported international figures range from 3% to 95% in a vari-

ety of settings.2,3,17 Each setting is rather unique, and a fair

comparison is not possible for this key success indicator of any

CFR system. Arrival before EMS can possibly shorten the delay in

CPR initiation and has potential to bring AEDs earlier to the scene.

Even if a CFR doesn’t arrive early enough to start CPR before

EMS arrival, they can initiate optimizing the scene, positioning, and

preparing the patient for CPR and AED application by EMS. This ‘an-

ticipatory’ preparation can give EMS a potentially lifesaving head

start.

In the remaining 30% of the OHCA events, where the CFRs

arrived after the EMS, they can still provide additional helping hands.

In a high-rise built-up environment, CFRs can help speed up shifting

the patient from the scene to the ambulance through corridors, ele-

vators, and stairs. An experienced or emotionally stable CFR can

also help calm the patient’s relatives allowing EMS staff to manage

patients in a more congenial environment. We couldn’t find any

report on this aspect. If post-EMS arrival was also found helpful,

appropriate message should be conveyed to the CFRs to increase

participation.

In Singapore, the only notable OHCA event characteristic that

seemed to influence the CFRs’ response dynamics was time of

arrest. CFRs were most responsive during evening time (19:00–

23:59), followed by the working hours (06:00–18:59) and the night-

time (00:00–05:59) (Table 1). Work-related commitments or inability

to alight from transit while passing by an OHCA event contributed to

the lack of responsiveness in daytime. Night-time tardiness is also

reported by Lee et al, who excluded night OHCA events from their

analysis.5

The trend of CFR attended OHCA events over time is encourag-

ing. Year-on-year, per OHCA event, an increasing number of CFRs

are receiving and accepting an alert and arriving at the scene. This

upward trend even persisted during the pandemic year.

With increasing CFR responsiveness, it was encouraging to see

a statistically significant difference in the process outcomes – Bys-

tander CPR, AED and defibrillation – between the OHCA events

where a CFR arrived or did not arrive at the scene. However there

is still potential for our AED application fraction of 7.5% to improve,

as other studies have reported a range of 9–26%.2 (Fig. 3). We

are planning a trial to equip CFRs with the portable AEDs.

However, improving process indicators have not translated into

clinical outcome improvement yet. One study did reported a lack of

association between arrival of CFR and pre-hospital ROSC.5 Most
other studies studied these association using pre- and post-

intervention not arrival vs no arrival.2 We believe that if CFR

response trends persist, clinical outcomes will improve as well.

Strengths and limitations

The report is based on all OHCA cases occurring in Singapore that

fulfil our eligibility criteria and therefore, is fully representative of

the target population. The effect of time of arrest on CFRs’ response

is being reported for the first time with a potential to be an interven-

tion target. We only included the CFRs who confirmed their arrival by

interacting with the app. Many CFRs missed this step resulting in

incomplete capture of the time of arrival at the patient’s side. We also

included the pandemic period in the analysis, during which the sys-

tem was performing sub-optimally. Consequently, we are reporting

conservative CFRs response estimates.

Conclusion

This real-world study shows that activating CFRs using mobile tech-

nology can improve community response for OHCA. CFR response

is not affected by patient/OHCA event characteristics, except for time

of day. The response rate was mostly maintained during the pan-

demic. Early arrival is helping more OHCA patients get defibrillated

before EMS arrival. However, there is an unexplained attrition of

response between receiving and accepting an alert. The attrition

between accepting an alert and arriving at the scene also demand

further research.

Funding sources

This study was supported by research grants from the National Med-

ical Research Council, Clinician Scientist Award, Singapore (NMRC/

CSA/0049/2013 and NMRC/CSASI/014/2017) and Ministry of

Health, Health Services Research Grant, Singapore

(HSRG/0021/2012).

CRediT authorship contribution statement

Fahad Javaid Siddiqui: Conceptualization, Methodology, Formal

analysis, Investigation, Writing – original draft, Writing – review &

editing, Visualization, Project administration. Stephanie Fook

Chong: Methodology, Validation, Formal analysis, Investigation,

Resources, Data curation, Writing – original draft, Writing – review

& editing, Visualization. Nur Shahidah: Methodology, Investigation,

Resources, Data curation, Writing – review & editing, Project admin-

istration. Colin K Tan: Resources, Writing – review & editing. Jinn

Yang Poh: Resources, Writing – review & editing. Wei Ming Ng:

Writing – review & editing. Dennis Quah: Writing – review & editing.

Yih Yng Ng: Writing – review & editing. Benjamin SH Leong: Writ-

ing – review & editing. Marcus EH Ong: Conceptualization, Method-

ology, Resources, Writing – review & editing, Supervision, Funding

acquisition.

Declaration of competing interest

The authors declare the following financial interests/personal

relationships which may be considered as potential competing inter-



8 R E S U S C I T A T I O N P L U S 1 6 ( 2 0 2 3 ) 1 0 0 4 8 6
ests: MEH Ong reports grants from the Laerdal Foundation, Laerdal

Medical, and Ramsey Social Justice Foundation for funding of the

Pan-Asian Resuscitation Outcomes Study; an advisory relationship

with Global Healthcare SG, a commercial entity that manufactures

cooling devices. MEH Ong has a licensing agreement with ZOLL

Medical Corporation and patent filed (Application no: 13/047,348)

for a “Method of predicting acute cardiopulmonary events and surviv-

ability of a patient”. He is also the co-founder and scientific advisor of

TIIM Healthcare, a commercial entity which develops real-time pre-

diction and risk stratification solutions for triage. All other authors

have no conflict of interest to declare.
Acknowledgements

The authors would like to thank Ms Maeve Pek from Pre-hospital and

Emergency Research Centre, Duke-NUS Medical School; the late

Ms Susan Yap from Department of Emergency Medicine, Singapore

General Hospital; Ms Noor Azuin, Ms Nurul Asyikin and Ms Liew Le

Xuan from Unit for Prehospital Emergency Care, Singapore General

Hospital; Ms Charlene Ong and Ms Anju Devi from Accident & Emer-

gency, Changi General Hospital and Ms Woo Kai Lee from Depart-

ment of Cardiology, National University Heart Centre Singapore for

their contributions and support to the Singapore PAROS registry,

and all other Singapore PAROS investigators (Han Nee Gan, Changi

General Hospital, Singapore; Tiah Ling, Changi General Hospital;

Benjamin SH Leong, National University Singapore, Singapore; Des-

mond R Mao, Khoo Teck Puat Hospital, Singapore; Michael YC

Chia, Tan Tock Seng Hospital, Singapore; Wei Ming Ng, Ng Teng

Fong General Hospital, Singapore; Nausheen Doctor, Sengkang

General Hospital, Singapore; Lai Peng Tham, KK Women’s & Chil-

dren’s Hospital; Andrew FW Ho, Singapore General Hospital, Singa-

pore; Shir Lynn Lim, National University Heart Centre Singapore,

Singapore; Si Oon Cheah, Urgent Care Clinic International, Singa-

pore; Wei Ling Tay, Ng Teng Fong General Hospital, Singapore) that

contributed to the study. We are grateful to CPT Carl Ross De Souza

and staff from Volunteer & Community Partnership Department for

implementing myResponder program, and their fruitful collaboration

throughout.
Author details

aHealth Services & Systems Research, Duke-NUS Medical School,

Singapore bPre-hospital & Emergency Research Centre, Duke-NUS

Medical School, Singapore cDepartment of Emergency Medicine,

Singapore General Hospital, Singapore dEmergency Medical Ser-

vices Department, Singapore Civil Defence Force, Singapor-

e eVolunteer & Community Partnership Department, Singapore Civil

Defence Force, Singapore fEmergency Medicine Department, Ng

Teng Fong General Hospital, Singapore gOperations Department,

Singapore Civil Defence Force, SingaporehDigital and Smart Health

Office, Ng Teng Fong Centre for Healthcare Innovation, Tan Tock

Seng Hospital, SingaporeiDepartment of Preventive and Population

Medicine, Tan Tock Seng Hospital, SingaporejEmergency Medicine

Department, National University Hospital, Singapore
R E F E R E N C E S
1. Hasselqvist-Ax I, Riva G, Herlitz J, et al. Early cardiopulmonary

resuscitation in out-of-hospital cardiac arrest. N Engl J Med

2015;372:2307–15.

2. Scquizzato T, Pallanch O, Belletti A, et al. Enhancing citizens

response to out-of-hospital cardiac arrest: a systematic review of

mobile-phone systems to alert citizens as first responders.

Resuscitation 2020;152:16–25.

3. Barry T, Doheny MC, Masterson S, et al. Community first responders

for out-of-hospital cardiac arrest in adults and children. Cochrane

database Syst Rev 2019;7 CD012764.

4. Stroop R, Kerner T, Strickmann B, Hensel M. Mobile phone-based

alerting of CPR-trained volunteers simultaneously with the

ambulance can reduce the resuscitation-free interval and improve

outcome after out-of-hospital cardiac arrest: a German, population-

based cohort study. Resuscitation 2020;147:57–64.

5. Lee SY, Do SS, Lee YJ, et al. Text message alert system and

resuscitation outcomes after out-of-hospital cardiac arrest: a before-

and-after population-based study. Resuscitation 2019;138:198–207.

6. Caputo ML, Muschietti S, Burkart R, et al. Lay persons alerted by

mobile application system initiate earlier cardio-pulmonary

resuscitation: a comparison with SMS-based system notification.

Resuscitation 2017;114:73–8.

7. Brooks SC, Simmons G, Worthington H, Bobrow BJ, Morrison LJ.

The PulsePoint Respond mobile device application to crowdsource

basic life support for patients with out-of-hospital cardiac arrest:

Challenges for optimal implementation. Resuscitation 2016;98:20–6.

8. Blewer AL, Ho AFW, Shahidah N, et al. Impact of bystander-focused

public health interventions on cardiopulmonary resuscitation and

survival: a cohort study. Lancet Public Heal 2020;5:e428–36.

9. Ng MW, De Souza CR, Pek PP, et al. myResponder smartphone

application to crowdsource basic life support for out-of-hospital

cardiac arrest: the singapore experience. Prehospital Emerg care

2021;25:388–96.

10. Department of Statistics Singapore. Indicators On Population

Accessed 19 April 2023, at https://tablebuilder.singstat.gov.sg/table/

TS/M810001

11. Singapore Civil Defence Force. About myResponder App. Accessed

19 April 2023 at https://www.scdf.gov.sg/home/community-

volunteers/mobile-applications

12. Singapore Heart Foundation. Save-A-Life Initiative. Accessed 30

April 2023 at https://www.myheart.org.sg/programmes/save-a-life-

initiative/

13. Smith CM, Lall R, Fothergill RT, Spaight R, Perkins GD. The effect of

the GoodSAM volunteer first-responder app on survival to hospital

discharge following out-of-hospital cardiac arrest. Eur Hear journal

Acute Cardiovasc care 2022;11:20–31.

14. Ong ME, Ng FS, Yap S, Yong KL, Peberdy MA, Ornato JP. Temporal

variation of out-of-hospital cardiac arrests in an equatorial climate.

Open Access Emerg Med 2010;2:37–43.

15. Singapore Economic Development Board. A Great Place to Live.

Accessed 4 May 2023 at https://www.edb.gov.sg/en/why-singapore/

a-great-place-to-live.html

16. Stroop R, Eckert M, Poschkamp T, Kerner T, Goersch H.

Smartphone based alerting: aftercare for first aiders - necessary or

superfluous? Available from Resuscitation 2019;142:e10. Available

from: https://www.sciencedirect.com/science/article/pii/

S0300957219302485.

17. Berglund E, Claesson A, Nordberg P, et al. A smartphone application

for dispatch of lay responders to out-of-hospital cardiac arrests.

Resuscitation 2018;126:160–5.

http://refhub.elsevier.com/S2666-5204(23)00129-7/h0005
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0005
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0005
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0010
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0010
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0010
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0010
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0015
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0015
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0015
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0020
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0020
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0020
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0020
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0020
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0025
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0025
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0025
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0030
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0030
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0030
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0030
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0035
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0035
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0035
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0035
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0040
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0040
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0040
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0045
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0045
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0045
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0045
https://tablebuilder.singstat.gov.sg/table/TS/M810001
https://tablebuilder.singstat.gov.sg/table/TS/M810001
https://www.scdf.gov.sg/home/community-volunteers/mobile-applications
https://www.scdf.gov.sg/home/community-volunteers/mobile-applications
https://www.myheart.org.sg/programmes/save-a-life-initiative/
https://www.myheart.org.sg/programmes/save-a-life-initiative/
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0065
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0065
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0065
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0065
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0070
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0070
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0070
https://www.edb.gov.sg/en/why-singapore/a-great-place-to-live.html
https://www.edb.gov.sg/en/why-singapore/a-great-place-to-live.html
https://www.sciencedirect.com/science/article/pii/S0300957219302485
https://www.sciencedirect.com/science/article/pii/S0300957219302485
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0085
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0085
http://refhub.elsevier.com/S2666-5204(23)00129-7/h0085

	Technology activated community first responders in Singapore: Real-world care delivery & outcome trends
	Introduction
	Methods
	Settings
	Study design and data source
	Singapore’s Community first responder program

	Results
	Discussion
	Strengths and limitations

	Conclusion
	Funding sources
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References


