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ABSTRACT
Objective: To assess the impact of mobile automated
external defibrillators (AEDs) on out-of-hospital cardiac
arrests (OHCAs) in urban and rural populations.
Design: Prospective before and after intervention,
population study.
Setting: Urban and rural areas of 160 000 each.
Patients, interventions and main outcome mea-
sures: In 2004–6 the demographics of OHCAs were
assessed. In 2005–6 AEDs were deployed (29 urban, 53
rural): 335 urban first responders (FRs) and 493 rural FRs
were trained in AED use and dispatched to OHCAs. Call-
to-response interval (CRI), resuscitation and survival-to-
discharge rates for OHCA were compared.
Results: In 2004 there were 163 urban OHCAs and the
emergency medical services (EMS) attended 158
(ventricular fibrillation (VF) 27/158 (17.1%)). In 2005–6
there were 226 OHCAs, EMS attended 216 (VF 30/216
(13.9%)). In 2005–6 FRs were paged to 128 OHCAs
(56.6%), FRs attended 88/128 (68.8%): 18/128 (14.1%)
reached before the EMS. The best combined FR/EMS
mean (SD) CRI in 2005–6 (5 min 56 s (4)) was better
than the EMS alone in 2004 (7 min (3); p = 0.002).
Survival rate was 5.1% in 2004, 1.4% in 2005–6
(p = NS). In 2004 there were 131 rural OHCAs, EMS
attended 121 (VF 19/121 (15.7%)). In 2005–6 there were
122 OHCAs, EMS attended 114 (VF 19/114 (16.7%)). In
2005–6 FRs were paged to 49 OHCAs, FRs attended 42/
49 (85.7%): 23/49 (46.9%) reached before the EMS. The
best combined FR/EMS mean (SD) CRI in 2005–6 (9 min
22 s (6)) was better than the EMS alone in 2004 (11 min
2 s (6); p = 0.018). Survival rate was 2.5% in 2004, 3.5%
in 2005–6 (p = NS).
Conclusions: Despite improvement in CRI there was no
impact on survival (witnessed arrest 32.8%, VF 15.6%).
Trial registration number: ISRCTN07286796.

Seventy-four per cent of fatal coronary artery
disease (CAD) events in the United Kingdom occur
outside hospital1 but ,20% occur in public places.2

A cumulative meta-analysis of the outcomes from
out-of-hospital cardiac arrests (OHCAs) for defi-
brillator-capable emergency medical services (EMS)
systems, reported a mean survival to discharge rate
of only 7.4%.3 OHCA thus represents a major
public health problem,2 but prehospital care has the
greatest potential to have an impact on mortality
from acute coronary events.1

Observations from a Seattle cardiac rehabilita-
tion programme showed that the survival rate for
ventricular fibrillation (VF) was almost 100% if
patients were defibrillated immediately after sudden

collapse. After delays of 10 min or longer, 95% of
subjects die.4 However, according to the standards
established by the United Kingdom Department of
Health, paramedic services are required to reach 75%
of OHCAs within 8 min.5 6

Over the past two decades, community-based
strategies focusing on early defibrillation have
emerged, most recently employing automated
external defibrillators (AEDs).4 The goal of the
American Heart Association Task Force on AEDs is
widespread deployment, with the aim of increased
lay participation.7

The objective of this study was to conduct an
observational study with evaluation of public
access defibrillation (PAD) in urban and rural
communities in Northern Ireland.

METHODS
Year 1, 2004 (1 January to 31 December 2004),
involved the prospective collection of data for
OHCAs with a cardiac aetiology in the study areas.
The incidence of OHCAs was calculated for two
populations: an urban population in North and
West Belfast, (estimated population 160 000) and a
rural population in Antrim, Ballymena and
Magherafelt local government districts, (the
‘‘Northern Neighbourhoods’’; estimated popula-
tion 160 000). Monitoring of OHCA incidence
was performed prospectively by manual and
electronic searches of EMS patient report forms
and autopsy reports. This method has been shown
to be more accurate than retrospective analysis of
death certification data.2 8 We excluded all arrests
with an obvious ‘‘non-cardiac’’ aetiology.9

Throughout year 1 we also recruited and trained
lay and police volunteers in AED use in each area.
Recruitment of first responder (FR) volunteers
started at the beginning of year 1 and continued
throughout year 2. Various recruitment methods
were used, including mail shots, a media cam-
paign, a dedicated website and presentations to
community groups. The Police Service of
Northern Ireland Operational Policy Department
facilitated the recruitment of police officers.
About 60% of the volunteers had up-to-date
cardiopulmonary resuscitation (CPR) training.
Training was based on the resuscitation guidelines
in 200010 for the use of AEDs. The instructor–
trainee ratio was generally 1:6. After an AED
demonstration, each volunteer was given a simu-
lated situation and assessed by the instructor.
Retraining occurred at 6 months. Volunteer skills
were rated on the basis of a simulated AED
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scenario and skill retention assessed at 6-month intervals.
Three hundred and thirty-five urban volunteers and 493 rural
volunteers were trained in AED use.

The PAD schemes were introduced in year 2, 2005–6. The
Northern Ireland Ambulance Service dispatch mechanism was
based on the Advanced Medical Priority Dispatch System,
(v11.1 Priority Dispatch Corp)11 coding and automated internet
paging, facilitating automated ‘‘dual dispatch’’ of FRs, along
with the EMS. Pager zones were constructed using digitised
mapping software (Microsoft MapPoint, Europe, 2004) and
population statistics, demographic information and spatial
modelling techniques to minimise the response time of FRs to
events and thus improve call to response intervals (CRI)s. There
were three urban pager zones and three rural pager zones. FRs
were only sent to calls which were coded as cardiac arrest by the
Advanced Medical Priority Dispatch System. To be coded as

such, the caller needed to report a collapse in which the patient
was unconscious with absent or equivocal breathing.
Implementation of the Advanced Medical Priority Dispatch
System occurred in April 2005 in the rural area, resulting in an
11-week delayed start of the PAD scheme in the rural area
compared with the urban area. The PAD scheme thus ran for
63 weeks (17 January 2005–3 April 2006) in the urban area, and
52 weeks (4 April 2005–3 April 2006) in the rural area.

In total 82 mobile AEDs were placed throughout both study
areas during year 2, (29 urban, 53 rural). Initially, there were
seven FR AEDs in the urban area. For the final 3 months of year
2 the number of urban FR AEDs was doubled to 14. In the urban
area there were 15 police mobile AEDs. In the rural area there
were 24 FR AEDs and 19 deployed by the police. For the final
5 months of year 2, traffic police deployed an additional 10
mobile rural AEDs.

Table 1 Demographics for out-of-hospital cardiac arrest (OHCA) years 2004 and 2005–6 for the urban and
rural areas

NWB 2004 NWB 2005–6 NN 2004 NN 2005–6 Total

Number of OHCAs 163 226 131 122 642

Number of weeks 52 63 52 52 –

Gender

Male (%) 104 (63.8) 143 (63.3) 80 (61.1) 87 (71.3) 414 (64.5)

Female (%) 59 (36.2) 83 (36.7) 51 (38.9) 35 (28.7) 228 (35.5)

Age

Mean (SD) 67.1 (13.9) 66.0 (15.4) 70.2 (14.4) 70.2 (16.3) 67.9 (15.1)

Median (range) 72 (32–93) 69 (15–93) 73 (21–97) 74 (28–105) 71 (15–105)

Site

Home (%) 145 (89.0) 191 (84.5) 104 (79.4) 94 (77.0) 534 (83.2)

Public place (%) 12 (7.4) 15 (6.6) 15 (11.5) 14 (11.5) 56 (8.7)

Outdoor (%) 7 (4.3) 5 (2.2) 10 (7.6) 4 (3.3) 26 (4.0)

Indoor (%) 5 (3.1) 10 (4.4) 5 (3.8) 10 (8.2) 30 (4.7)

Nursing/residential home (%) 6 (3.7) 20 (8.8) 12 (9.2) 11 (9.0) 49 (7.6)

In ambulance (%) 0 (0.0) 0 (0.0) 0 (0.0) 3 (2.5) 3 (0.5)

Previous medical history of cardiac disease

Documented (%) 135 (82.8) 153 (67.7) 119 (90.8) 84 (68.9) 491 (76.5)

Yes (% documented) 63 (46.7) 63 (41.2) 54 (45.4) 53 (63.1) 233 (47.5)

NN, Northern Neighbourhoods; NWB, North and West Belfast.

Table 2 Initial cardiac rhythms for out-of-hospital cardiac arrests (OHCAs)

NWB 2004 NWB 2005–6 NN 2004 NN 2005–6 Total

All EMS-attended OHCAs (%) 158 (96.9) 216 (95.6) 121 (92.4) 114 (93.4) 609 (94.9)

Initial rhythm (% of EMS-attended OHCAs):

Ventricular fibrillation 27 (17.1) 30 (13.9) 19 (15.7) 19 (16.7) 95 (15.6)

Asystole 122 (77.2) 162 (75.0) 94 (77.7) 88 (77.2) 466 (76.5)

PEA 9 (5.7) 24 (11.1) 8 (6.6) 7 (6.1) 48 (7.9)

Bystander CPR performed (% of EMS-attended OHCAs):

Yes 41 (25.9) 57 (26.4) 50 (41.3) 44 (38.6) 192 (31.5)

Witnessed OHCAs only (%) 33 (20.9) 73 (33.8) 44 (36.3) 50 (43.9) 200 (32.8)

Initial rhythm (% of witnessed events):

Ventricular fibrillation 17 (51.5) 24 (32.9) 12 (27.3) 18 (36.0) 71 (35.5)

Asystole 11 (33.3) 30 (41.1) 27 (61.4) 27 (54.0) 95 (47.5)

PEA 5 (15.2) 19 (26.0) 5 (11.4) 5 (10.0) 34 (17.0)

CPR, cardiopulmonary resuscitation; EMS, emergency medical services; NN, Northern Neighbourhoods; NWB, North and West
Belfast; PEA, pulseless electrical activity.
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The AEDs used for the Northern Ireland Public Access
Defibrillation (NIPAD) project were Samaritan S2 defibrillators
(Heartsine Technologies, Belfast, UK). Each AED with a
biphasic truncated exponential waveform delivered shocks of
100–150–200 J.12 The FR AEDs were kept with the designated
‘‘on-call’’ FR. The ‘‘on-call’’ FRs brought AEDs to arrests using
their own private vehicles. At the end of a week ‘‘on-call’’, FRs
returned the AEDs to their local hospital’s emergency depart-
ment for hand over to the next responder. Police AEDs were
kept in police patrol vehicles. The EMS used manual defibrilla-
tors with a biphasic truncated exponential waveform.

In year 1 EMS vehicles were dispatched to possible OHCAs
after an emergency call. In year 2 FRs (police and lay) were also
alerted to possible OHCAs by long-range pagers and automated
internet paging, thus facilitating dual dispatch with the EMS.
The investigators compared CRIs for the EMS and FRs: in year 1
(EMS alone) and year 2 (EMS and FRs). The resuscitation
(admission to hospital alive) and survival (discharge from
hospital alive) rates were compared for years 1 and 2.

The emergency medical services
The urban population is served by one doctor-led ambulance
and two ambulance stations which house emergency para-
medic-led ambulances. Each of the three rural local government
districts have one ambulance station and the rural population is
also served by two doctor-led ambulances based at two local
hospitals.

Ethics
The study received ethics approval from the local research ethics
committee, Queen’s University, Belfast.

Statistics
The data collected were held in Microsoft Excel and SPSS data
files. The x2 test and Fisher’s exact test were used to estimate
the significance of differences in 262 and other contingency
tables. The independent-samples t test (one-sided) was used to
test the statistical significance of the difference in means of
response times.

RESULTS

OHCA incidence
Most OHCA incidents occurred in the home (83.2%) and in
men (64.5%) across both localities and time periods (table 1).

About half (47.5%) of all OHCAs occurred in people with a
previous history of cardiac disease. Fewer than one-third of
OHCAs (32.8%) were witnessed (table 2) and in 84.4% the
initial rhythm was non-shockable (table 2). In only 15.6% was
the initial rhythm VF.

Table 3 shows the number of OHCAs that were successfully
resuscitated and survived as a percentage of all EMS-attended
OHCAs and all witnessed OHCAs with an initial rhythm of VF.
There was no significant difference in the proportion resusci-
tated or surviving to leave hospital over the two time periods:
for those surviving to leave hospital in the urban area (North
and West Belfast (NWB)), 5.1% and 1.4%, and in the rural area
(Northern Neigbourhoods (NN)), 2.5% and 3.5% for 2004,
2005–6, respectively.

There were 18 OHCA survivors from these two geographical
regions (urban and rural) across the two observational time
periods. Each survivor possessed at least two of the following
three characteristics:
c their OHCA event was witnessed

c the initial rhythm was VF

c bystander CPR was performed.
Indeed 13 possessed all three characteristics. The initial

rhythm was VF for 17 of the 18 survivors; 16 were witnessed
events; and 16 received bystander CPR.

PAD scheme
The response times for the urban EMS were significantly better
than for the rural EMS for each of the 2 years (p,0.001; table 4).
For the urban area (NWB), there was a significant improvement
in the mean EMS CRIs between the two study periods, 7 min in
2004, 6 min 3 s in 2005–6 (p = 0.005; table 4). For the rural area
(NN), there was no significant improvement in the mean EMS
response times between the study periods, mean CRI 11 min 2 s
in 2004 and 10 min 9 s in 2005–6 (p = 0.131; table 4).

In the urban area, FRs were paged to 128/226 (56.6%) OHCA
events, corresponding to 128/216 (59.3%) of all EMS-attended
OHCA events. In the rural area, FRs were paged to 49/122
(40.2%) OHCA events, corresponding to 49/114 (43.0%) of all
EMS-attended OHCA events (table 5).

The proportion of paged OHCAs reached by FRs before the
EMS in the rural region was significantly higher than in the
urban area: 23/49 (46.9%) versus 18/128 (14.1%), (p,0.001). For
the 18 urban OHCAs where an FR arrived before the EMS, only
7/18 (38.9%) applied the AED. For the 23 rural OHCAs where
an FR arrived before the EMS, only 10/23 (43.5%) applied the
AED. Of the total of 17 OHCAs in either area that had the AED
applied only 2/17 (11.8%) had a shockable rhythm.

By combining the best FR response times with the best EMS
response times (best combined FR/EMS)—that is, the shortest
time to respond by any system to an OHCA event, we could
analyse the impact of the FRs on EMS response to OHCAs
(table 4, figs 1 and 2). For the urban area (NWB) the best
combined FR/EMS CRIs in 2005–6, and the EMS CRIs in 2004

Table 3 Resuscitation and survival rates for emergency medical
services (EMS)-attended out-of-hospital cardiac arrests (OHCAs)

NWB 2004 NWB 2005–6 NN 2004 NN 2005–6

EMS-attended OHCAs 158 216 121 114

Resuscitated, n (%) 11/158 (7.0%) 10/216 (4.6%) 8/121 (6.6%) 10/114 (8.8%)

Survived, n (%) 8/158 (5.1%) 3/216 (1.4%) 3/121 (2.5%) 4/114 (3.5%)

Witnessed VF OHCAs 17 24 12 18

Resuscitated, n (%) 10/17 (58.8%) 5/24 (20.8%) 6/12 (50.0%) 8/18 (44.4%)

Survived, n (%) 7/17 (41.2%) 2/24 (8.3%) 2/12 (16.7%) 4/18 (22.2%)

NN, Northern Neighbourhoods; NWB, North and West Belfast; VF, ventricular
fibrillation.

Table 4 Call to response intervals

Region
EMS (alone)
2004

EMS (alone)
2005–6

Best combined
FR/EMS 2005–6

NWB

Mean 7 min 0 s 6 min 3 s 5 min 56 s

SD 2 min 48 s 3 min 53 s 3 min 53 s

Median 7 min 5 min 5 min

NN

Mean 11 min 2 s 10 min 9 s 9 min 22 s

SD 6 min 10 s 5 min 47 s 5 min 42 s

Median 9 min 10 min 8 min

EMS, emergency medical services; NN, Northern Neighbourhoods; NWB, North and
West Belfast.
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were 5 min 56 s and 7 min, respectively (p = 0.002). The urban
FRs did not have any significant impact on the proportion of
OHCAs reached within 8 min: 188/216 (87.0%) versus 186/216
(86.1%) (p = 0.888; fig 1). For the rural area (NN) the best
combined FR/EMS CRI in 2005–6, and the EMS CRI in 2004
were 9 min 22 s and 11 min 2 s, respectively (p = 0.018). The
rural FRs did not have any significant impact on the proportion
of OHCAs reached within 8 min: 57/114 (50.0%) versus 51/114
(44.7%) (p = 0.507; fig 2).

DISCUSSION
The large-scale American13 and English PAD14 15 schemes
concentrated on placing AEDs in public places and community
facilities. While the Italian study (Piacenza) included cardiac
arrest in the home, with significant improvement in survival,16

there was no before-and-after analysis. Since the majority of
arrests occur in the home the underlying logistics dictate the
overall success of any PAD scheme. The NIPAD study
attempted to examine all OHCAs including those in the home
and was undertaken in both urban and rural communities. The
poorer EMS response times which are inevitable in a rural
setting mean that there may be a greater benefit from PAD in
this setting.

In our study less than one-third of the OHCAs were
witnessed and ,16% had a shockable rhythm when initially
assessed. These factors contributed mainly to the poor survival
rate. In addition, the small number of patients seen by the FRs
before the EMS arrived did not contribute to the overall
survival.

The EMS CRIs for Northern Ireland are comparable to those
of other EMS systems. As expected, the mean urban EMS CRI,
6 min 3 s, was significantly lower than the mean rural EMS
CRI, 10 min 09 s (p,0.001; 2005–6). Over 85% of urban EMS
CRIs are better than the Department of Health target of 8 min,
while only 45% of rural EMS CRIs reach the same target (figs 1
and 2). One alternative to PAD is enhancing existing EMS
resources. However, it has been calculated that each second of
improved EMS response time could cost as much as £28 000/
year.17

We did show an improvement in mean CRIs reached by FRs
in the rural area. The improvement in the urban area was
primarily due to improvement in the EMS CRIs and not due to
the PAD scheme. The NIPAD FRs did not achieve early
defibrillation within 4 min.18 No community defibrillation
scheme using mobile responders has achieved a mean call to
response time of ,4 min. Early defibrillation was achieved in
the English national programme because the responders were
‘‘on-site’’ at the time of the arrests.15 While the English
programme is very successful,15 the great majority of the arrests
in the community remain unaddressed. Perhaps early defibrilla-
tion is an unachievable target, outside of specific environments
such as public places, planes and casinos.

The AED pads application rate was poor for OHCAs reached
first by FRs. Low AED application rate has been shown by other
investigators.19 20 Reasons include apprehension; in other cases
the EMS appeared to arrive almost immediately after the FR,
especially in the urban area. Some volunteers assumed the
collapsed victims to be ‘‘dead on arrival’’ despite instructions to
the contrary. It is hoped that over time volunteers grow in both
experience and confidence, leading to a higher success rate.

The lower incidence of VF as the presenting rhythm in the
community,21 22 the proportion of people living alone,23 public
awareness or the ability to recognise sudden death and the
sensitivity of EMS dispatch mechanisms all add to the low
survival from OHCA.11

Patients with VF arrest have up to a 10-fold higher survival
rate than patients with non-shockable rhythms.24 The potential
survival rates which could be achieved given optimal condi-
tions—that is, witnessed arrest with minimal delay in CRI,
would depend on the proportion of patients in VF. In this study
about 16% of the OHCAs had VF as the initial rhythm. Other
investigators have reported the decline in VF among OHCAs.21 22

The Swedish cardiac arrest registry for OHCAs between 1991 and

Table 5 First responder (FR) contribution to out-of-hospital cardiac
arrests (OHCAs)

Contribution
NWB
(n = 226)

NN
(n = 122)

FRs were paged (n) 128 49

At least one FR attempted to respond, n (%) 88 (68.8%) 42 (85.7%)

At least one FR arrived before the ambulance, n (%) 18 (14.1%) 23 (46.9%)

NN, Northern Neighbourhoods; NWB, North and West Belfast.

Figure 1 Call to response time distribution curves for North and West
Belfast (NWB). Comparison of response times to emergency medical
services (EMS)-attended out-of-hospital cardiac arrest events in NWB
between 2004 and 2005–6, showing EMS alone and best combined first
responder (FR)/EMS (cumulative response time distributions).

Figure 2 Call to response time distribution curves for Northern
Neighbourhoods (NN). Comparison of response times to emergency
medical services (EMS)-attended out-of-hospital cardiac arrest events in
the NN between 2004 and 2005–6, showing EMS alone and best
combined first responder (FR)/EMS (cumulative response time
distributions).
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2001 has demonstrated that the proportion of patients in VF
decreased from 45% to 28% over 11 years among those with
witnessed arrest.22 There are many hypotheses for this. Improved
treatment of CAD with drugs and revascularisation means that
more patients with CAD die from heart failure with non-
shockable rhythms. Cobb et al observed a major decrease in the
incidence of out-of-hospital VF in Seattle between 1980 and
2000.21 It was felt that these changes reflected the national decline
in CAD mortality. We found no significant difference in the
proportion of patients with VF between the urban and rural areas.
With an a priori estimate of 160 OHCAs a year in each study
area,25 a VF incidence of 15.6% suggests that an early defibrillation
scheme has only the potential to save at most 25 OHCAs in each
area. We demonstrated that the proportion of VF arrests was
higher, at 35.5%, among witnessed arrests but the small number
of witnessed arrests in this study was a limiting factor in success.

Thirty nine per cent of people who die of OHCA in Northern
Ireland live alone.23 This may explain the low proportion of
witnessed arrests in the community. It is well recognised that
unwitnessed OHCAs have minimal chance of survival. Delays
in activation of the EMS play a role in prolonged response times
and therefore the potential excess of non-shockable rhythms.
Community schemes may be more effective if accompanied by a
programme of public education. A factor that may dictate the
survival benefits of any PAD scheme is the sensitivity of the
dispatch mechanism. We have shown that the sensitivity of the
dispatch mechanism was about 70%11 and comparable to other
systems.26 Widening the category of calls to which FRs are
dispatched, to include all collapse calls, would improve the
sensitivity of the dispatch mechanism and possibly CRIs but
would be to the detriment of the scheme’s specificity.

In the second half of year 2, the International Liaison
Committee on Resuscitation (ILCOR) guidelines were updated.
One of the new recommendations was for CPR to be delivered
before defibrillation for out-of-hospital VF not witnessed by
EMS personnel.27 At the time the NIPAD protocols were
designed and for all of the duration of the FR training, the
ILCOR resuscitation guidelines advised a defibrillation-first
policy in all cases of VF arrest.28

The NIPAD study has many similarities with the Piacenza
PAD study.16 Both studied an urban area with similar popula-
tions, both employed a mixed economy of responders, both used
dual dispatch with the EMS, both had mobile AEDs and both
concentrated on AED training. There were some differences, the
NIPAD study investigated an urban and rural area, we
employed a before-and-after study design, we used a new
automated dispatch mechanism (the Piacenza investigators
alerted responders by telephone calls) and about 60% of our
responders also had CPR training.

The addition of CPR training to AED training is important.
We have demonstrated that achieving early community
defibrillation outside of niche environments is very difficult.
In light of the recent updated resuscitation guidelines,27 this
places an even greater emphasis on early and effective CPR in
any community PAD scheme.

The Piacenza responders had a better mean response time
than the urban NIPAD responders (4.8 min vs 5.9 min) and
therefore a greater number of responders reached events before
the EMS (40.4% in Piacenza, 14% in Belfast). The proportion of
events presenting with a shockable rhythm was higher in
Piacenza than Belfast (23.8% vs 13.9%), possibly owing to the
shorter response times. The number of responders trained in
Piacenza was a lot higher than in Belfast (1285 vs 335) for a
similar population size.

CONCLUSION
Improving survival from OHCA is a considerable challenge and
no one strategy is likely to constitute a single best approach.
Systematic efforts to strengthen each link in the chain of
survival would incrementally improve survival. Careful surveil-
lance of all systems, including setting up robust, electronic
cardiac arrest registries with adequate data collection in the
field, would be essential.
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