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Key questions

What is already known about this subject?
 ► A small number of studies have demonstrated that 
under experimental conditions and in specific local-
ised regions, dispatched community first responders 
(CFRs) can deliver early cardiopulmonary resuscita-
tion (CPR) and defibrillation thus potentially increas-
ing survival following out-of-hospital cardiac arrest 
(OHCA).

 ► Despite this potential, research concerning CFRs 
has received relatively little attention compared with 
other potential cardiac arrest interventions.

What does this study add?
 ► This study demonstrates that CFRs have significant 
potential to reach patients before the ambulance 
service and thus increase survival following OHCA 
at national level in Ireland.

How might this impact on clinical practice?
 ► Health system resources should be directed at ex-
ploring, establishing, measuring and optimising CFR 
involvement in OHCA resuscitation.

AbstrAct
Objective Resuscitation from out-of-hospital cardiac 
arrest (OHCA) is largely determined by the availability of 
cardiopulmonary resuscitation (CPR) and defibrillation 
within 5–10 min of collapse. The potential contribution 
of organised groups of volunteers to delivery of CPR and 
defibrillation in their communities has been little studied. 
Ireland has extensive networks of such volunteers; this 
study develops and tests a model to examine the potential 
impact at national level of these networks on early delivery 
of care.
Methods A geographical information systems study 
considering all statutory ambulance resource locations 
and all centre point locations for community first 
responder (CFR) schemes that operate in Ireland were 
undertaken. ESRI ArcGIS Desktop 10.4 was used to 
map CFR and ambulance base locations. ArcGIS Online 
proximity analysis function was used to model 5–10 
min drive time response areas under sample peak and 
off-peak conditions. Response areas were linked to Irish 
population census data so as to establish the proportion of 
the population that have the potential to receive a timely 
cardiac arrest emergency response.
Results This study found that CFRs are present in 
many communities throughout Ireland and have the 
potential to reach a million additional citizens before the 
ambulance service and within a timeframe where CPR and 
defibrillation are likely to be effective treatments.
Conclusion CFRs have significant potential to contribute 
to survival following OHCA in Ireland. Further research 
that examines the processes, experiences and outcomes 
of CFR involvement in OHCA resuscitation should be a 
scientific priority.

IntROduCtIOn
Resuscitation from out-of-hospital cardiac 
arrest (OHCA) is largely determined by the 
availability of cardiopulmonary resuscitation 
(CPR) and defibrillation within 5–10 min 
of collapse. The potential contribution of 
organised groups of volunteers to delivery of 
CPR and defibrillation in their communities 
has been little studied. Ireland has exten-
sive networks of such volunteers; this study 
develops and tests a model to examine the 

potential impact at national level of these 
networks on early delivery of care.

The Republic of Ireland has a population 
of 4.7 million distributed across 26 counties.1 
In Ireland in 2016, there were 2389 cases of 
OHCA with resuscitation attempted by the 
ambulance services.2 Two-thirds of patients 
were male, median age was 67 years old and 
ultimately only 7.8% of patients survived 
to hospital discharge.2 Key to improving 
this outcome is the concept of the chain 
of survival.3 The crucial initial links in this 
chain are early recognition and call for help, 
immediate CPR and defibrillation within the 
earliest possible interval following OHCA.4 
Early CPR and defibrillation are the vital but 
critically time-sensitive treatments following 
OHCA.5 Each minute of delay to defibril-
lation reduces the probability of survival by 
10%–12%, with good quality CPR providing 
the only hope of preserving the possibility 
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of survival while awaiting the arrival of a defibrillator.6 7 
In 2016 in Ireland, 84% of patients who had witnessed 
OHCA had bystander CPR performed and 20% of all 
defibrillation attempts were performed before the ambu-
lance service arrival.2

In Ireland, statutory ambulance services are provided 
by the National Ambulance Service and in the capital also 
by Dublin Fire Brigade. The Irish Health Information 
and Quality Authority has set key performance indica-
tors for emergency service response times that state that 
a patient in cardiac arrest should receive an emergency 
response within 8 min in 75% of all cases.8 One-third of 
OHCA occurs in rural areas.2 Data suggest that only 9% 
of rural Irish OHCA patients receive a statutory ambu-
lance response in the target timeframe, and furthermore 
rural OHCA patients are less likely to be discharged alive 
from hospital than those living in urban areas.9 Given 
the time critical nature of the initial links in the chain 
of survival and the challenges posed by Ireland’s settle-
ment patterns, innovative responses to OHCA such as the 
deployment of community first responders (CFRs) have 
been advocated and implemented.10 11

OHCA CFRs are volunteers who live or work within a 
community and are organised in a framework that offers 
OHCA care in that community to supplement the stan-
dard ambulance service response.12 CFRs are activated by 
text message alert in real time to attend nearby OHCAs 
in the community by ambulance service dispatch. CFRs 
have basic life support (BLS) training and are generally 
equipped with a defibrillator. In Ireland, various types 
of OHCA CFR exist; these can be broadly divided into 
two categories. Group CFR schemes are composed of 
trained lay individuals who provide CFR response in their 
own local community (lay CFR groups); several dozen 
people may join any individual scheme. Group CFR 
schemes also include some county fire service volunteer 
CFR schemes who fulfil the role of CFR in addition to 
their fire service statutory duty (fire CFR groups). Indi-
vidual-based schemes include ambulance service off-duty 
practitioners (ODPs), general practitioners who partici-
pate in the Merit 3 programme (Merit 3 GPs)13 and other 
individual responders including a small number of other 
doctors and health services employees. By their nature, 
group CFR schemes might be expected to have greater 
availability to respond around the clock, whereas the 
availability of individual CFRs depends on their work and 
other commitments.

Group and individual CFR accreditation occurs 
through the National Ambulance Service. Responders 
‘go live’ when training, equipment, activation and 
support structures are in place. Most group CFR schemes 
operate by having a roster of two-person teams carry a 
dedicated alert phone, defibrillator and BLS equipment 
to cover defined periods for their area. When an alert is 
received, the CFR(s) responds using normal driving rules 
and contacts ambulance control for updated informa-
tion when necessary. International research has demon-
strated that CFRs have the potential to play a significant 

role in early CPR, defibrillation and potentially OHCA 
survival.14–16 It has yet to be established whether CFRs 
can reach a significant proportion of citizens at popula-
tion level, in advance of the ambulance service and while 
defibrillation and CPR are likely to remain effective treat-
ments that result in survival. The mobilisation of CFRs to 
OHCA is a complex community intervention that is not 
without potential risk. It raises issues around driving and 
personal safety, medicolegal concerns, professional roles, 
clinical supervision and the personal impact of partici-
pating in what might be emotionally distressing circum-
stances.15 17 18 At present, there are limited data available 
reporting the activities of CFRs in Ireland or their impact 
in OHCA care and resultant outcomes.2 13

This study uses data on more than 600 operational 
statutory and volunteer OHCA agencies/responders in 
Ireland to model their individual and complementary 
abilities to respond within 5–10 min windows. The primary 
aim of this study is to model the potential impact of stat-
utory and volunteer responders in OHCA; a secondary 
aim is to identify those areas/populations that have poor 
coverage from currently operational resources.

MetHOds
The National Emergency Operations Centre (NEOC) is 
based over two sites. It coordinates statutory emergency 
service responses to OHCA and alerts CFRs if available 
in a given area. NEOC maintains a database of all CFR 
resources available in Ireland linked with the ambulance 
service. The NEOC resource dispatch system generates a 
response area/radius (usually 5–10 km) around a fixed 
geographical centre point for each CFR resource. NEOC 
use the Advanced Medical Priority Dispatch System to 
categorise emergency calls and dispatch appropriate 
resources. When OHCA occurs within a CFR response 
area, NEOC alert the relevant CFR(s) using mobile 
phone text message technology. This occurs concurrently 
with ambulance resource dispatch, and as the process is 
automated, a text message alert is sent as soon as OHCA 
is recognised and at times even before an ambulance 
resource is fully mobilised via conventional radio commu-
nication systems.

The model to be tested uses the nominated location of 
the agency/responder as a starting point and measures 
the population that can be covered in a 5–10 min drive 
from that location, under different driving conditions. 
The incremental population coverage by statutory ambu-
lance services and then volunteer responders is calcu-
lated. The mapping and demographic tools used provide 
the best available estimates of the potential coverage 
provided by these responders, if continuous availability 
from that location were possible—an obvious ‘real-world’ 
limitation.

For this study, NEOC provided centre point location 
and categorical data for all CFR resources registered on 
the NEOC dispatch system in January 2018. Geographical 
point data for National Ambulance Service base locations 
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Table 1 Irish OHCA response resources

Community cardiac arrest resource points (n=641)

Statutory ambulance 105

Of which

National Ambulance Service base location 91

Dublin Fire Brigade base location 14

Community first responder 536

Of which

Group based 209

  Lay community group 196

  County fire service 13

Independent individual CFRs 327

  Merit general practitioner 106

  Off-duty practitioner 205

  Other individual 16

Figure 1 Irish OHCA response resources, geographical 
distribution. CFR, community first responder; GP, general 
practitioner; OHCA, out-of-hospital cardiac arrest.

were obtained from the Health Services Executive, 
Health Intelligence Unit; Dublin Fire Brigade fire/ambu-
lance station locations were obtained using Google Maps. 
Census 2016 population data at small area (generally 
comprising between 80 and 120 dwellings) and electoral 
division (legacy administrative areas with highly variable 
populations) level were obtained from the Irish Central 
Statistics Office.19 Small area level is the most detailed 
level of mapping for which population statistics are avail-
able in Ireland, while electoral divisions are the smallest 
legally defined administrative areas in the Irish state and 
are included for the purposes of illustrating population 
density.20

ESRI ArcGIS Desktop 10.4 was used to map point loca-
tions for statutory ambulance resources and centre point 
locations for all CFRs registered with the NEOC. ArcGIS 
Online (AGOL) proximity analysis function was used to 
model 5 min and 10 min drive time response areas from 
the mapped base points under sample peak (Tuesday 
08:00) and off-peak (Tuesday 04:00) conditions. AGOL’s 
online proximity analysis drive time area function is 
a commercial geographical information system (GIS) 
tool that uses an advanced algorithm combining histor-
ical and live traffic data from billions of GPS and cell 
phone probes to compile accurate road travel speeds.21 
Combined drive time areas were modelled for statu-
tory ambulance service base locations in isolation, with 
the addition of group CFR schemes and finally with the 
further incremental addition of all other individual CFRs. 
ArcGIS Desktop was then used to link the modelled drive 
time areas with 2016 census population data at small area 
level.

It was thus possible to model the proportion of the 
population potentially served by a given CFR, statutory 
resource or combination of resources within a 5 min 
and 10 min drive time response interval. Where a drive 
time area boundary enclosed only a portion of a small 
area, the total population of the relevant small area was 
included in any relevant calculations. As this was likely 
to somewhat overestimate population coverage, an addi-
tional sensitivity analysis was undertaken that considered 
a ‘proportional enclosed area’-based population calcula-
tion for small areas that intersected with drive time area 
boundaries. Populations not well served by community 
cardiac arrest resources were identified and examined 
in terms of population density at the level of electoral 
district.

The study was approved by the National Ambulance 
Service Research Committee prior to the initiation of 
data collection.

Results
NEOC provided details of 536 valid CFR point coordi-
nates in January 2018. These were combined with 105 
coordinates obtained for ambulance base locations 
giving a total of 641 valid cardiac arrest response resource 
points (see table 1). Figure 1 illustrates the geographic 

distribution of all resources that can be potentially 
deployed in the event of OHCA. A magnified section 
showing Dublin is also included. Over half of all loca-
tions represented individual responders, with ambulance 
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Table 2 Modelling CFR contribution to community OHCA response

Community OHCA resources, travel times and population cover modelling

Total Irish population 4 761 865 

Peak % total pop Off peak % total pop
Peak/off-peak difference 
(% total population)

5 min travel time response zones: population coverage
  Statutory ambulance responses 1 480 548 31.1 2 065 197 43.4 12.3
  Statutory ambulance with only CFR 

group responses 2 239 360 47.0 2 793 457 58.7 11.7
  Statutory ambulance with all CFR 

responses 3 088 608 64.9 3 530 889 74.1 9.2
10 min travel time response zones: population coverage
  Statutory ambulance responses 2 972302 62.4 3 345 205 70.2 7.8
  Statutory ambulance with only CFR 

group responses 3 790 965 79.6 4 032 255 84.7 5.1
  Statutory ambulance with all CFR 

responses 4 312 170 90.6 4 401 983 92.4 1.8

CFR, community first responder; OHCA, out-of-hospital cardiac arrest.

Table 3 Sensitivity analysis (area proportional population 
calculation carried out for boundary small areas)

Travel times and population cover modelling – sensitivity 
analysis

Peak Off peak

5 min travel time response zones: population coverage

  Statutory ambulance responses 990 991 1 560 917

  Statutory ambulance with only CFR 
group responses

1 426 648 2 018 446

  Statutory ambulance with all CFR 
responses

2 043 256 2 619 752

10 min travel time response zones: population coverage

  Statutory ambulance responses 2 405 764 2 802 322

  Statutory ambulance with only CFR 
group responses

3 114 769 3 433 307

  Statutory ambulance with all CFR 
responses

3 676 177 3 826 063

service ODPs representing almost one-third of all point 
locations. Group-based CFR schemes including lay and 
fire CFR groups represented a further third of point loca-
tions.

Table 2 demonstrates the results of population coverage 
modelling when 5 min and 10 min cardiac arrest response 
zones are considered under sample peak and off-peak 
driving conditions. The model considers statutory ambu-
lance base locations, group CFR scheme centre point loca-
tions and individual CFR centre point locations. Table 2 
outlines the baseline population covered by the statutory 
ambulance services and the additional potential popula-
tions that can be reached when group CFR schemes and 
individual CFRs are considered as incremental additional 
OHCA response resources.

The AGOL model outputs indicate that the statutory 
ambulance services can reach just over 30% of the popu-
lation under peak driving conditions increasing to over 
40% during off-peak traffic conditions within a 5 min 
road-based drive time. When all additional CFR resources 
are considered, the outputs indicate that this rises to 
65% of the population potentially reached in 5 min at 
peak driving conditions and 74% during off-peak traffic 
conditions. When a 10 min drive time is considered, the 
statutory ambulance services can reach over 60% of the 
population under peak conditions rising to 70% during 
off-peak conditions. When all additional CFR resources 
are considered, over 90% of the population can poten-
tially be reached under both peak and off peak condi-
tions, within 10 min. This indicates that over a million 
extra citizens (representing one-fifth of Ireland’s total 
population) could be reached within both 5 min and 
10 min time frames when CFR resources supplementing 
the statutory ambulance service OHCA response operate 
to their full capacity. This finding was sustained when 
sensitivity analysis considering a ‘proportional enclosed 

area’-based population calculation for boundary small 
areas was performed (table 3).

Figure 2 (section A) is a map showing the potential in 
terms of 10 min road travel response zones when only 
statutory ambulance base locations are modelled, while 
figure 2 (section B) maps the 10 min response zones 
when all 536 volunteer responders are added to the statu-
tory responses. Modelling was undertaken under off-peak 
conditions. figure 2 also illustrates the underlying popu-
lation density distribution of Ireland at the level of elec-
toral district.

It is evident that a high proportion of the areas outside 
the 10 min response time are of a low population density; 
however, some higher population density areas can also 
be identified. Figure 2 illustrates that without volunteer 
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Figure 2 Ten-minute off-peak road travel response zones (statutory ambulance only). Ten-minute off-peak road travel 
response zones (all resources).

responders many areas of Ireland are unlikely to achieve 
a 10 min cardiac arrest response.

Figure 3 models the relative geographical contribution 
of the various types of community cardiac arrest response 
resources. Modelling was undertaken under off-peak 
conditions and considered a 10 min drive time response. 
The baseline statutory ambulance response zones are 
shown in green. The additional geographic coverage 
when group CFR schemes are added is shown in blue, 
and the further contribution of the addition of Individual 
CFRs is shown in purple.

dIsCussIOn
In this study, we have used GIS mapping technology to 
describe a national system of community cardiac arrest 
response, to model the geographic distribution of 
CFRs and to consider their potential for timely OHCA 
response and impact at a population level. This is the first 
study to describe a national framework of community 
cardiac arrest response and to consider the geography 
of all potential OHCA responses in light of the popula-
tion’s geographic distribution. Although the mobilisa-
tion of CFRs to OHCA has been advocated as a health 
systems intervention on many levels and for some time 
in Ireland,22 23 to date, there has been little published 
data to support this practice. Preliminary findings 
from the Merit 3 GP project showed the overall rate of 
survival to hospital discharge was similar to the national 
average.13 The findings of our modelling study suggest 
that the potential for CFR resources to add further value 

to statutory ambulance service responses is significant. 
Our results suggest that the ‘full-capacity’ availability of 
the current CFR structures allow a million additional citi-
zens to come under the umbrella of timely OHCA emer-
gency response. Crucially, volunteer CFRs may not always 
be available within their own communities at the key 
moment they may be required. Maximising this potential 
will require further resources and initiative.

The clinical interventions known to have most impact 
in improving survival following OHCA, namely early 
CPR and defibrillation,24 25 have existed in mainstream 
medical practice, emergency medical services and public 
access defibrillation schemes for decades.26 27 The recent 
innovation of real-time mobilisation of CFRs to OHCA 
is a significant additional development. It is a relatively 
low-cost additional intervention, founded on the funda-
mental interventions of CPR and defibrillation but 
ultimately a product of voluntarism and health system 
engagement among individuals and communities. 
Where CFRs can reach patients quickly, increased rates 
of survival can be achieved.28 The results of our study 
suggest that this potential currently exists for a large 
proportion of the population of Ireland who are other-
wise unlikely to receive a timely statutory ambulance 
service OHCA response. What is not yet clear is whether 
the goodwill of volunteer CFRs in Ireland has been maxi-
mally optimised by the health system to ensure that CFRs 
are appropriately equipped and available to respond 
to OHCA when it occurs. An audit of CFR schemes in 
one region of Ireland showed that 47% of OHCA alerts 
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Figure 3 Relative geographical contribution of the various 
types of community cardiac arrest response resources. CFR, 
community first responder.

received a CFR response with a median response time 
of 8 min.29 Although the National Ambulance Service 
actively supports the development of CFR schemes, the 
fact that CFRs in Ireland currently receive minimal health 
system funding may warrant further consideration in this 
regard. Additional formalised health system support 
might facilitate the further development of CFR schemes 
and increase the likelihood of a capacity to respond to 
more OHCAs. The processes, experiences and outcomes 
of CFR involvement in OHCA resuscitation should be a 
priority for further research.

In addition to highlighting the potential impact of 
CFRs on survival, our results also suggest key challenges 
in achieving further timely OHCA emergency response 
population coverage. Many areas currently poorly served 
by the existing OHCA community responses appear to 
be of low population density. Our study did however 
highlight some areas of higher population density not 
currently served by timely community cardiac arrest 
resources. Although detailed analysis of individual 
smaller areas is beyond the scope of this current project, 
GIS mapping analysis could be conducted in more detail 
in focused areas and provide a basis for the development 

of OHCA response resources in those communities. GIS 
technology could also be used in other jurisdictions to 
examine community resources and to plan services.

limitations
As a GIS computer modelling exercise, this study has 
important limitations that must be considered when 
interpreting its results. The ESRI AGOL proximity 
analysis drive time application creates travel time zones 
using historical and live electronic traffic data that ulti-
mately models ‘typical’ traffic conditions and thus drive 
time durations in a given scenario. Statutory ambu-
lance services respond to OHCA using lights and sirens 
and should in theory achieve shorter drive times than a 
computer model of typical travel times would predict. 
Given the significant data processing requirements of the 
research process, the model was run for one sample off 
peak and one sample peak time period, where in reality 
a degree of response time variability would be expected 
throughout the day and week. Our modelling exercise 
was based on travel from fixed point locations; however, 
neither ambulances nor CFRs are fixed-point resources. 
Both are mobile in the community and may be nearer 
or further from an OHCA event when alerted than the 
model accounted for.

In considering the populations served by various 
resources in a given time frame, there was unavoidably 
a degree of imprecision as census small area data do 
not identify the precise location of each individual and 
household. The model considered total populations of 
census small areas partially enclosed by the boundaries 
of drive time areas, which may overestimate coverage. 
For this reason, a sensitivity analysis with a proportional 
enclosed area population adjustment was included. 
As population distribution within a small area is likely 
to be related to that population’s accessibility by road, 
the former approach was considered more appropriate 
for the primary model. The population data that have 
informed this study have considered populations based 
on their residential address and does not account for 
individuals who may commute outside a small area 
during the day for work purposes. In addition, the model 
considers the total population in a given area and does 
not adjust for population elements that are known to 
increase the risk of OHCA. It also assumes the 24/7 avail-
ability of CFRs. Furthermore, the 5 min and 10 min inter-
vals do not consider the time required for the dispatch 
centre to identify OHCA, the time taken to go mobile 
(which may be longer for CFRs than for ambulance staff) 
and also the time from arrival on scene to reaching the 
patient. Finally, travel time information was not available 
for offshore island road networks relevant to four CFR 
schemes.

Despite these limitations, ESRI ArcGIS Desktop 10.4 
and ESRI ArcGIS Online have proven useful tools in 
modelling what appears to be very significant potential 
for timely community OHCA response and population 
coverage when CFRs supplement the statutory ambulance 
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service response. Given this potential, urgent prospective 
CFR research, considering real-world CFR and ambu-
lance service resource availability, response times, clinical 
activity and outcomes is warranted to refine systems and 
achieve a meaningful increase in OHCA survival.

COnClusIOn
Volunteer OHCA responders are present in many 
communities throughout Ireland. They have the poten-
tial to reach a significant proportion of the population 
who are at risk of OHCA before the ambulance service 
and within a timeframe where CPR and defibrillation can 
save lives.
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