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Abstract
Background: The Irish Out-of-Hospital Cardiac Arrest registry (OHCAR) collects data based on the internationally recognised Utstein template. The

Utstein comparator group (bystander witnessed and initial shockable rhythm) has specific relevance in benchmarking out-of-hospital cardiac arrest

(OHCA) health system performance.

Aims: To describe OHCA in the Utstein comparator group during 2012 to 2020 in Ireland. To explore predictors of bystander CPR, defibrillation, and

survival to hospital discharge.

Methods: National level OHCA registry data were interrogated. The subset of patients in the Utstein comparator group were identified and explored.

Multivariable logistic regression was used to model outcome predictors.

Results: There were 3,092 cases of OHCA in the Utstein comparator group during 2012 to 2020. Overall survival to hospital discharge was 27%. On

average there were yearly improvements in bystander CPR, bystander defibrillation, and survival. Bystander CPR was associated with a 57%

increase, while bystander defibrillation was associated with a 78% increase in the adjusted odds of survival to hospital discharge. The adjusted odds

of both bystander CPR and defibrillation were higher in rural areas, despite decreased survival in these communities when compared to urban.

OHCA that occurred at home was associated with decreased odds of bystander CPR, bystander defibrillation, and survival to hospital discharge.

Conclusions: Bystander CPR, bystander defibrillation and survival to hospital discharge have increased in the Utstein comparator group during

2012–2020 in Ireland. Bystander CPR and defibrillation remain key modifiable health systems targets to increase overall OHCA survival.

Keywords: Resuscitation, Out-of-Hospital Cardiac Arrest, Cardiopulmonary Resuscitation, Utstein comparator subgroup, Registry Data,

Statistical Models, Public Health
Introduction

Ireland’s population stands at more than 5.1 million people1 with

approximately 3000 annual Out-of-Hospital Cardiac Arrest (OHCA)

resuscitation attempts and 8% survival to hospital discharge.2 The

Irish Out-of-Hospital Cardiac Arrest Register (OHCAR) has collected

national level data on the experience of OHCA resuscitation in Ire-

land since 2012.3 Previous OHCAR research has considered public

access defibrillation, geographical disparities, the role of first respon-

ders, and outcomes in key age cohorts.4–10 This current research is
part of a large OHCAR project which seeks to explore predictors of

OHCA survival at population level in Ireland.3 Previous elements of

the project have considered the chain of survival at overall population

level. The outputs have in turn highlighted the heterogenous nature

of the issue of OHCA at population level and the importance of study-

ing key OHCA subgroups.11 The Utstein Comparator subgroup (by-

stander witnessed and initial shockable rhythm) is of key importance

in understanding health system efficacy and benchmarking perfor-

mance of OHCA care.12 The EuReCa two study demonstrated that

the Utstein Comparator subgroup represented 13% of OHCA cases

across Europe (range 6%–27%) with survival to hospital discharge/
ns.
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thirty days of 28% (range 0–53%).13 The Irish health system has

undergone several OHCA developments since 2010, whose impacts

would be expected to be reflected in Utstein comparator group out-

comes. These developments include OHCA public education pro-

grammes, community first responder recruitment campaigns and

quality improvement initiatives. These are summarised in supple-

mentary figure 1 and have been previously described in detail.3

The year 2020 was notable in terms of the COVID-19 pandemic.3

During this period widespread public health measures were intro-

duced14 and COVID-19 has been associated with disruption of

OHCA care processes and outcomes across various international

jurisdictions.15,16 Notably, in Ireland community first responder activ-

ity was paused during 2020.

The aim of this study was to interrogate OHCAR data from the

period 2012 to 2020 inclusive focusing on the Utstein comparator

group, to describe characteristics of this group and then model pre-

dictors of bystander CPR, bystander defibrillation and survival to

hospital discharge.

Methods

OHCA care in Ireland

The National Ambulance Service (NAS) provide OHCA EMS (emer-

gency medical services) care throughout Ireland. In Ireland’s capital

city Dublin there is also a fire based EMS system provided by Dublin

Fire Brigade.17 In addition to statutory EMS OHCA care, Ireland also

has a well-developed national voluntary network of community first

responders (CFRs) that aim to provide CPR and defibrillation before

EMS arrival.17 CFRs are alerted by SMS message from EMS dis-

patch, are trained in basic life support, and are equipped with auto-

matic external defibrillators (AEDs).17 Telephone/ Dispatcher

Assisted CPR is an established standard of care in terms of EMS call

centres. EMS clinical emergency care is delivered by paramedics

and advanced paramedics whose scope of practice is determined

by national guidelines.18 These guidelines reflect the International

Liaison Committee on Resuscitation (ILCOR) approach to OHCA

resuscitation.19

OHCAR data collection

OHCAR includes all patients who suffer OHCA, are attended by

emergency services, and have resuscitation attempted. OHCAR

employs the international Utstein standarised approach to data col-

lection.20 Missing case identification is undertaken on a quarterly

basis by the registry co-ordinator and cases are validated before

being entered onto the registry database. The primary sources of

OHCAR data are EMS dispatch and patient care records. Survival

and neurological outcome data are provided by receiving hospitals.3

Study population

The population for this study were OHCAR patients of all ages, who

suffered bystander witnessedOHCA, of any presumed aetiology, with

an initial shockable rhythm(recordedonanydevice–bystander/EMS),

during the period 2012 – 2020 in Ireland. All study data were obtained

from the Irish Out-of-Hospital Cardiac Arrest Register (OHCAR).

Variable selection and modification

This research is a subcomponent of a larger project which sought to

explore overall predictors of OHCA survival in Ireland.3 A number of

key OHCAR variables were identified as those of primary concern at
the project planning phase.3 These variables were chosen because

their relevance had already been demonstrated in the international

scientific literature and because the variables were known to have

high levels of data capture in the Irish Out-of-Hospital Cardiac Arrest

Registry.21 In terms of this current component, individual variable

selection was further informed by the output of earlier stages of

the project.11 The variables that were considered for this current

research exercise are shown in supplementary table 1. Variables

1–11 were obtained from OHCAR. Variable 12 was created using

the ‘year’ variable with 2020 representing the ‘COVID period.’ This

variable was included because COVID-19 has been associated with

an international disruption of OHCA survival outcomes and because

preceding work by our group demonstrated that at overall population

level COVID-19 was associated with decreased OHCA survival in

Ireland.15,16,22 The ‘incident location’ variable had multiple associ-

ated categories and thus was collapsed (as shown in supplementary

table 1) to avoid decreased statistical power from analysis of an

excessive number of potentially sparse categories. The ‘year’ vari-

able was treated as a continuous variable to conserve degrees of

freedom and statistical power. Variable 3 (call response interval) rep-

resented the time in minutes from the initiation of the EMS call and

the first EMS arrival on scene. Variable 10 (urban or rural) was based

on the Irish Central Statistics Office classification of urban or rural.

Bystander CPR represented CPR performed prior to EMS arrival

to scene. Bystander defibrillation represented shock(s) delivered

prior to EMS arrival to scene. In each of these circumstances’

bystanders may have represented opportunistic bystanders who

were, or arrived at scene by chance or community responders who

were alerted by EMS dispatch.

Statistical analysis

All analysis were performed using IBM SPSS Statistics V.27 and

Microsoft Excel for Microsoft 365 MSO V. 2308. Categorical vari-

ables were explored by considering frequency and percentage, con-

tinuous variables were explored by considering mean, standard

deviation, median and interquartile range. Binary logistic regression

was performed to consider predictors of bystander CPR, bystander

defibrillation, and survival to hospital discharge. Initially univariate

unadjusted analysis was performed, this was then followed by multi-

variable adjusted analysis. Each independent variable was assessed

for multicollinearity using the collinearity diagnostics function in

SPSS to assess tolerance and variance inflation factors. Model fit

was evaluated by inspecting the outputs of the Omnibus Tests of

Model Coefficients and Hosmer-Lemeshow Goodness of Fit (GOF)

test. The proportions of missing data for each variable were docu-

mented and evaluated. Sensitivity analyses were conducted using

multiple imputation via fully conditional specification in SPSS with

five imputations derived. Results from complete case and multiple

imputation analysis were compared.

Ethical approval

The National University of Ireland Galway, Research Ethics Commit-

tee provided ethical approval for this study in advance of data pro-

cessing and analysis (Reference 2020.01.012; Amend 2106).

Results

A total of 18,177 (non-EMS witnessed) OHCAR cases were available

over the period 2012–2020 (Supplementary Fig. 2). Of these 10,056
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were known to be bystander witnessed, 3,092 of which were known

to have had an initial shockable rhythm. This subgroup i.e. the

‘Utstein comparator’ represented 17.0% of valid cases

(3,092/18,141) over the period. Fig. 1 summarises the Utstein com-

parator group in terms of absolute number and proportion of all
Fig. 1 – Utstein Comparator Group 2012–2020: absolute n

Witnessed OHCA excluded).

Fig. 2 – Utstein Comparator Group 2012–2020: Survival
OHCA cases over time. It demonstrates that while the absolute num-

ber of patients in the Utstein comparator group trended upward over

time, the relative proportion of all OHCAR patients that this repre-

sented trended downward. The Utstein comparator group was the

lowest proportion of OHCA in 2020 (15.1%). Fig. 2 summarises
umber(s), and proportion of all cases over time (EMS

� absolute number(s), and proportion(s) over time.



Table 1a – Utstein Comparator Group 2012–2020: Summary of categorical variables.

Variable Missing Categories Outcome

Available

Survival to

discharge

Outcome

Available

Bystander

CPR

Outcome

Available

Bystander

Defibrillation

n % n % n n % n n % n n %

Survived to Hospital Discharge 41 1.3 Did not Survive 2227 73.0%

Survived 824 27.0%

Total 3051 100.0%

Chest Compressions Started By 33 1.1 EMS initiated CPR 372 12.16% 363 61 16.8

Bystander CPR 2687 87.84% 2658 752 28.3

Total 3059 100.00%

First Shock Delivered By 26 0.8 EMS Defibrillation 2091 68.2% 2060 469 22.8

Bystander Defibrillation 926 30.2% 917 344 37.5

Not Applicable* 49 1.6% 48 4 8.3

Total 3066 100.0%

Sex 3 0.1 Male 2487 80.5% 2455 685 27.9 2462 2176 88.4% 2437 777 31.9%

Female 602 19.5% 595 139 23.4 594 509 85.7% 577 148 25.6%

Total 3089 100.00%

Incident location 17 0.5 Other Location 1442 46.89% 1412 520 36.8 1428 1313 91.9% 1409 654 46.4%

Home Location 1633 53.11% 1623 301 18.5 1614 1359 84.2% 1591 269 16.9%

Total 3075 100.00%

Time of Day 0 0 Other (07.00–22:59 h) 2595 83.9% 2557 709 27.7 2567 2252 87.7% 2553 828 32.4%

Night (23:00–6:59 h) 497 16.1% 494 115 23.3 492 435 88.4% 484 98 20.2%

Total 3092 100.0%

Urban or Rural 144 4.7 Urban Location 1978 67.1% 1947 575 29.5 1954 1673 85.6% 1925 499 25.9%

Rural Location 970 32.9% 965 199 20.6 961 884 92.0% 951 373 39.2%

Total 2948 100.0%

Weekday or Weekend 0 0 Weekday 2137 69.1% 2108 583 27.7 2115 1853 87.6% 2084 661 31.7%

Weekend 955 30.9% 943 241 25.6 944 834 88.3% 933 265 28.4%

Total 3092 100.0%

Covid Period 0 0 Other 2741 88.6% 2705 727 26.9 2709 2360 87.1% 2673 800 29.9%

Covid Period (2020) 351 11.4% 346 97 28.0 350 327 93.4% 344 126 36.6%

Total 3092 100.0%
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Table 1b – Utstein Comparator Group Survival 2012–2020: Summary of continuous variables.

Variable Available

Cases

Missing Mean SD Available Cases Missing Mean SD Available Cases Missing Mean SD

n % Median IQR n % Median IQR n % Median IQR

All Survivors

Non– Survivors

3054 38 1.2% 63.3 15.5 818 6 0.7% 58.1 15.6 2202 25 1.1% 65.3 14.9

Age (Years) 65.0 54.0–75.0 59.0 49.8–69.0 67.0 56.0–77.0

Call Response (Mins) 3014 78 2.5% 14.0 8.0 797 27 3.3% 12 8.0 2178 49 2.2% 14.0 8.0

12.0 8.0–18.0 10.0 7.0–15.0 13.0 8.0–19.0

Shocks Delivered 2895 197 6.4% 4.8 4.1 788 36 4.4% 3.1 2.5 2070 157 7.0% 5.4 4.5

4.0 2.0–7.0 2.0 1.0–4.0 4.0 2.0–7.3

Bystander CPR EMS Initiated CPR

Age (Years) 2655 32 1.2% 63.3 15.4 367 5 1.3% 63.3 15.9

65.0 54.0–75.0 65.0 53.0–75.0

Call Response (Mins) 2631 56 2.1% 14 9.0 352 20 5.4% 11.0 8.0

12.0 8.0–19.0 9.0 7.0–13.0

Bystander Defibrillation EMS Initiated Defibrillation

Age (Years) 921 5 0.5% 63.0 15.7 2059 32 1.5% 63.3 15.4

64.0 54.0–75.0 65.0 53.0–75.0

Call Response (Mins)

901 25 2.7% 16 9.0 2039 52 2.5% 12.0 8.0

15.0 9.0–22.0 11.0 7.0–16.0
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the absolute number and proportion of survivors to hospital dis-

charge in the Utstein comparator group over time. It demonstrates

that both the absolute number and proportion of survivors in this

group trended upwards over time. Table 1a summarises the categor-

ical predictor variables considered in this study, while Table 1b sum-

maries continuous variables. The proportion of missing data across

each variable is provided and ranged from 0.0% across a number

of variables to 6.4% in the variable ‘number of shocks delivered’.

Tables 1a and 1b also provide a comparison of the bystander

CPR, bystander defibrillation and survival proportions across differ-

ent variable categories and a comparison of continuous variable

summary statistics for these outcomes. Of note, in the variable ‘first

shock delivered by’, 49 cases were coded as ‘not applicable’. As it

was not clear why this was the case, these 49 cases were treated

as missing data for the purposes of the regression analysis.

Most cases were male (80.5%, 2487/3089) and over two thirds

(67.1%, 1,978/2,948) occurred in an urban location. Just over half

of events occurred at home (53.1%, 1633/3075). Most cases had

bystander CPR (87.8%, 2687/3059) and 30.2% had bystander defib-

rillation (926/3066). Of 923 patients know to have had bystander

defibrillation, 918 (99.5%) also had bystander CPR. (Complete data

on both bystander CPR and defibrillation available for 2992 patients.

The overall median age was 65.0 years (IQR 54.0 – 75.0 years)

while the median call response interval was 12.0 min (IQR 8.0–

18.0 min). The median number of shocks delivered was 4.0 (IQR

2.0–7.0). In total 27.0% of all valid cases (824/3051) survived to hos-

pital discharge.

Table 2. demonstrates the results of the Utstein Comparator

Group logistic regression analysis of survival to discharge. In univari-

ate analysis most of the thirteen predictor variables were associated

with statistically significant p-values. The exceptions were ‘weekday

or weekend’, and the ‘COVID period’. In multivariable analysis eight

of the independent variables in the model were significantly associ-

ated with survival (or non-survival) to hospital discharge. These were

age in years (AOR 0.97, 95% CI 0.96, 0.98), home location (AOR

0.55, 95%CI 0.44 0.68), rural location (AOR 0.73, 95%CI 0.58,

0.92), bystander CPR (AOR 1.57, 95%CI 1.11, 2.22), bystander

defibrillation (AOR 1.78, 95%CI 1.42, 2.24), call response interval
Table 2 – Utstein Comparator Group Survival 2012–2020: L

Univariate Analysis Multip

Comp

Odds

Ratio

95%

Confidence

Intervals

p-value Odds

Ratio

Age 0.971 0.965 0.976 <0.001 0.970

Female 0.788 0.639 0.971 0.025 0.858

Home Location 0.391 0.331 0.461 <0.001 0.548

Rural Location 0.620 0.516 0.745 <0.001 0.733

Bystander CPR 1.953 1.465 2.605 <0.001 1.570

Bystander Defibrillation 2.037 1.720 2.411 <0.001 1.779

Call Response Interval 0.965 0.953 0.976 <0.001 0.965

Total Number of Shocks 0.813 0.788 0.839 <0.001 0.810

Weekend 0.898 0.754 1.069 0.227 0.945

Night (23:00–6:59 h) 0.791 0.631 0.991 0.042 0.914

Year 1.051 1.018 1.084 0.002 1.050

Covid Period (2020) 1.060 0.826 1.360 0.648 0.827
(AOR 0.97, 95%CI 0.94, 0.98), total number of shocks (AOR 0.81,

95%CI 0.78, 0.84), and advancing year (AOR 1.05, 95%CI 1.00,

1.10). Table 2. also illustrates that the results of multivariable com-

plete case and multiple imputation analysis demonstrated similar

results.

Table 3 demonstrates the results of the Utstein Comparator

Group logistic regression analysis of bystander CPR. In univariate

analysis five of the nine predictor variables were associated with sta-

tistically significant p-values. The exceptions were ‘age’, ‘sex’ ‘week-

day or weekend’, and ‘time of day’. In multivariable analysis four of

the independent variable predictors in the model were significantly

associated with bystander CPR. These were home location (AOR

0.42, 95% CI 0.32, 0.54), rural location (AOR 1.65, 95%CI 1.23

2.23), call response interval (AOR 1.04, 95%CI 1.02, 1.06), and year

(AOR 1.23, 95%CI 1.16, 1.30). Table 3 illustrates that the results of

multivariable complete case and multiple imputation analysis demon-

strated similar results.

Table 4. demonstrates the results of the Utstein Comparator

Group logistic regression analysis of bystander defibrillation. In uni-

variate analysis seven of the nine predictor variables were associ-

ated with statistically significant p-values. The exceptions were age

and ‘weekday or weekend’. In multivariable analysis four of the inde-

pendent variable predictors in the model were significantly associ-

ated with bystander defibrillation. These were home location (AOR

0.17, 95% CI 0.14, 0.21), rural location (AOR 1.59, 95%CI 1.30

1.95), call response interval (AOR 1.06, 95%CI 1.05, 1.08), and year

(AOR 1.17, 95%CI 1.12, 1.23). Table 4 illustrates that the results of

multivariable complete case and multiple imputation analysis demon-

strated similar results with the exception of weekend (AOR 0.80,

95%CI 0.66, 0.97) which was significantly associated with the out-

come in sensitivity analysis.

Discussion

The aim of this study was to describe the Utstein comparator group

in Ireland over 2012–2020 and to model predictors of key OHCA out-

comes (bystander CPR, bystander defibrillation and survival to hos-
ogistic regression analysis.

le Logistic Regression

lete Case Analysis Multiple Imputation

95%

Confidence

Intervals

p-value Odds

Ratio

95%

Confidence

Intervals

p-value

0.964 0.976 <0.001 0.969 0.964 0.975 <0.001

0.667 1.104 0.233 0.836 0.663 1.054 0.131

0.442 0.679 <0.001 0.527 0.434 0.641 <0.001

0.584 0.921 0.008 0.760 0.613 0.943 0.013

1.113 2.215 0.010 1.651 1.189 2.293 0.003

1.415 2.237 <0.001 1.768 1.433 2.180 <0.001

0.942 0.976 <0.001 0.965 0.953 0.976 <0.001

0.782 0.840 <0.001 0.819 0.793 0.847 <0.001

0.766 1.167 0.601 0.938 0.773 1.138 0.514

0.695 1.202 0.521 0.898 0.696 1.159 0.408

1.002 1.099 0.040 1.043 1.000 1.088 0.049

0.579 1.181 0.295 0.882 0.637 1.223 0.452



Table 3 – Utstein Comparator Group 2012–2020: Logistic regression bystander CPR.

Univariate

Analysis

Multiple Logistic Regression

Complete Case Multiple

Imputation

Odds

Ratio

95%

Confidence

Intervals

p-value Odds

Ratio

95%

Confidence

Intervals

p-value Odds

Ratio

95%

Confidence

Intervals

p-value

Age 1.000 0.993 1.007 0.972 1.002 0.994 1.010 0.624 1.001 0.994 1.008 0.795

Female 0.787 0.606 1.021 0.072 0.889 0.669 1.182 0.418 0.930 0.708 1.223 0.605

Home Location 0.467 0.37 0.589 <0.001 0.418 0.322 0.542 <0.001 0.386 0.300 0.497 <0.001

Rural Location 1.928 1.479 2.513 <0.001 1.654 1.225 2.232 0.001 1.673 1.250 2.237 <0.001

Call Response Interval 1.049 1.030 1.062 <0.001 1.043 1.024 1.055 <0.001 1.043 1.024 1.062 <0.001

Weekend 1.072 0.846 1.359 0.566 1.027 0.792 1.330 0.842 1.042 0.816 1.331 0.741

Night (23:00–6:59 h) 1.067 0.791 1.441 0.67 1.339 0.960 1.868 0.086 1.347 0.981 1.848 0.065

Year 1.204 1.152 1.259 <0.001 1.229 1.163 1.298 <0.001 1.231 1.168 1.298 <0.001

Covid Period (2020) 2.102 1.357 3.256 <0.001 0.805 0.472 1.371 0.424 0.856 0.510 1.435 0.555

Table 4 – Utstein Comparator Group 2012–2020: Logistic regression bystander defibrillation.

Univariate Analysis Multiple Logistic Regression

Complete Case Multiple Imputation

Odds

Ratio

95%

Confidence

Intervals

p-value Odds

Ratio

95%

Confidence

Intervals

p-value Odds

Ratio

95%

Confidence

Intervals

p-value

Age 0.999 0.994 1.004 0.638 1.000 0.994 1.006 0.895 1.001 0.995 1.007 0.750

Female 0.737 0.600 0.905 0.004 0.927 0.728 1.180 0.539 0.951 0.758 1.192 0.660

Home Location 0.235 0.199 0.278 <0.001 0.172 0.141 0.210 <0.001 0.185 0.153 0.224 <0.001

Rural Location 1.844 1.563 2.176 <0.001 1.593 1.303 1.946 <0.001 1.628 1.340 1.977 <0.001

Call Response Interval 1.049 1.043 1.062 <0.001 1.062 1.049 1.075 <0.001 1.062 1.062 1.062 <0.001

Weekend 0.854 0.721 1.012 0.068 0.844 0.691 1.031 0.097 0.800 0.658 0.972 0.025

Night (23:00–6:59 h) 0.523 0.413 0.662 <0.001 0.824 0.628 1.082 0.165 0.771 0.590 1.007 0.056

Year 1.106 1.073 1.141 <0.001 1.173 1.123 1.226 <0.001 1.164 1.117 1.214 <0.001

Covid Period (2020) 1.353 1.07 1.711 0.011 0.899 0.648 1.248 0.525 0.873 0.640 1.192 0.394

R E S U S C I T A T I O N P L U S 2 1 ( 2 0 2 5 ) 1 0 0 8 5 1 7
pital discharge) in this group. The research incorporated nine years

of national out-of-hospital cardiac arrest registry data and included

3,092 cases representing the Utstein comparator group. In turn this

group represented 17% of all OHCA after excluding EMS witnessed

cases. Notably the proportion of OHCA representing the Utstein

comparator group appears to be declining over time in Ireland. As

the Utstein comparator is the group most likely to survive OHCA, this

has implications for how overall OHCA survival at population level is

considered. Indeed, reported proportions of initial shockable OHCA

have declined worldwide.23

During this current study period survival in the Utstein comparator

group was 27.0% and both the absolute number and proportion of

survivors in the group increased over time. Over the period 87.8%

of Utstein comparator group patients had bystander CPR and

30.2% had bystander defibrillation. Logistic regression analysis

demonstrated average yearly improvements in bystander CPR,

defibrillation, and survival. In turn bystander CPR was associated

with a 57% increase, while bystander defibrillation was associated

with a 78% increase in the adjusted odds of survival to hospital dis-

charge. It is important to highlight both the high proportion of Utstein

comparator group bystander CPR in Ireland, and in addition the
observation that most patients who received bystander defibrillation

also received bystander CPR. Thus, the effect estimates for bystan-

der defibrillation can be interpreted as an additional benefit of defib-

rillation in those already receiving CPR. Ultimately the results

support the assertion that the efficiency of the OHCA care system

in Ireland has improved over time with notable increases in bystan-

der CPR and defibrillation in a critical group of patients who are most

likely to benefit from these treatments. Furthermore, the results sug-

gest that system developments and care process improvements

have translated to improved patient outcomes in the Utstein com-

parator group.

International OHCA guidelines have previously suggested that

bystander CPR can triple survival.24 The Utstein comparator group

studied in this research is likely to have been a group who were sen-

sitive to the positive effects of bystander CPR. Thus, while bystander

CPR remains vitally important, it may be that its independent real

effect is somewhat more modest than has been previously sug-

gested. The analysis in this current research is however based on

a limited binary concept of bystander CPR as the available data cap-

tured only whether bystander CPR was performed and not who per-

formed it or any measure of its quality. At national level Ireland
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already has high levels of bystander CPR and thus in future the issue

of the timeliness of bystander CPR commencement and whether

some assessment of the quality of bystander CPR can be made war-

rant consideration.13 Beyond this point, the study results highlight

that bystander defibrillation is one of the strongest independent pre-

dictors of survival to hospital discharge. Thus, increasing the overall

level of bystander defibrillation should remain a principal component

of the Irish strategy to increase OHCA survival. Previously, a national

public access defibrillation (PAD) programme was proposed in Ire-

land. However, a cost effectiveness analysis commissioned by the

health ministry at the time did not support its roll out.4 The analysis

did however suggest that targeted AED deployment coupled with

public education and a national EMS linked AED registry could ren-

der a future PAD programme cost effective.4 A national level EMS

linked AED registry is now in development. Scientific evidence sug-

gests that community first response initiatives can increase bystan-

der CPR and defibrillation and further demonstrates how modern

smart phone alerting technology can contribute to ‘crowd sourced’

CPR and defibrillation.24–26 Although community first response

schemes are already well established in Ireland, further expansion

possibly including crowd sourced elements should now be consid-

ered, while in parallel integrating smart technology which can

increase the efficiency of response systems.17,24 Any such develop-

ments must be underpinned by a robust national AED registry.

In this study the adjusted odds of both bystander CPR and defib-

rillation were higher in rural areas, despite decreased survival in

these communities when compared to urban areas. Furthermore,

OHCA that occurred at home was associated with decreased odds

of bystander CPR, bystander defibrillation and survival to hospital

discharge. These observations raise several issues. Over half of all

OHCA in this study occurred at home. A previous systematic review

found that prearrest comorbidity was generally associated with

reduced survival following OHCA.27 Home location may have been

associated with increased comorbidity versus OHCA in other loca-

tions thus possibly explaining some of the disparity in survival out-

come. Information concerning patient comorbidities is not available

via OHCAR currently and thus further research is needed to explore

whether a relationship between home location and a higher burden

of comorbidity exists. Even if such a relationship exists though, the

chances of bystander CPR and defibrillation remain lower at home

locations in Ireland. Thus, any initiative which could increase bystan-

der CPR and defibrillation when OHCA occurs at home holds the

promise of increasing OHCA survival in Ireland. The observation that

rural location was associated with a reduction in the adjusted odds of

survival in this study is in keeping with a recent systematic review

that concluded that OHCA survival was lower in rural areas.28 Excep-

tions to this observation have however been reported.29 Our previ-

ous research that looked at predictors of survival at overall OHCA

population level also found an urban–rural discrepancy.11 One third

of all patients in the Utstein comparator group had their OHCA in a

rural area and thus it is important to explore the factors that are driv-

ing this survival disparity. In contrast though, in Ireland the chances

of receiving bystander CPR and bystander defibrillation are lower in

urban areas even after adjusting for other relevant factors including

EMS response time. This is true both at overall OHCA population

level and for the Utstein comparator subgroup. Increasing bystander

CPR and defibrillation for patients with witnessed OHCA and initial

shockable rhythms in urban areas should be an immediate priority

as it is highly likely that this could yield a further increase in OHCA

survival in Ireland.
Conclusions

Bystander CPR, bystander defibrillation and survival to hospital dis-

charge have increased in the Utstein comparator group during 2012–

2020 in Ireland. Bystander CPR and defibrillation remain key modifi-

able health systems targets to increase overall OHCA survival.
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