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Abstract
Aim: The 2021 European Resuscitation Council (ERC) guidelines recommend two automated external defibrillators (AEDs)/km2 and at least 10 first

responders/km2. We examined 1) access to AEDs and volunteer first responders in line with these guidelines and 2) its associations with socioe-

conomic factors and income inequality, focusing on small spatial scales.

Method: We considered data on 776 AEDs in February 2022 and 1,173 out-of-hospital cardiac arrests (OHCAs) including 713 OHCA with app-

alerted volunteer first responders from February to September 2022 in Berlin. We fit multilevel models to analyse AED area coverage and Poisson

models to examine first responder availability across 12 districts and 536 neighbourhoods.

Results: Median AED area coverage according to the 2021 ERC guidelines was 43.1% (interquartile range (IQR) 2.3–87.2) at the neighbourhood

level and median number of available first responders per OHCA case was one (IQR 0.0–1.0). AED area coverage showed a positive association

with average income tax per capita, with better coverage in the highest compared to the lowest quartile neighbourhoods (coefficient: 0.13, 95% con-

fidence interval (CI): 0.01–0.25). First responder availability was not associated with income tax. AED area coverage and first responder availability

were positively associated with income inequality, with better coverage (coefficient: 0.13, 95% CI: 0.04–0.23) and availability (rate ratio: 1.31, 95%

CI: 1.03–1.67) in quartiles of highest as compared to lowest inequality.

Conclusion: Access to resuscitation resources is neither equitable nor in accordance with the 2021 ERC guidelines. Ensuring better access neces-

sitates understanding of socioeconomic factors and income inequality at small spatial scales.

Keywords: Automated external defibrillator, App-based alert system, Small spatial scale, Socio-economic factors, Income inequality
Introduction

Prompt access to automated external defibrillators (AEDs) and vol-

unteer first responders is of paramount importance for improving

the prognosis of out-of-hospital cardiac arrest (OHCA).1 Nonethe-

less, access to resuscitation resources is subject to variation associ-

ated with socioeconomic factors at small spatial scales.2

Previous studies examined AED accessibility in relation to local

socioeconomic factors using various metrics such as AED area

ratio,3,4 mean number of AEDs per area,5 and OHCA risk coverage
based on previous incident sites.6–8 The findings indicate that AED

accessibility can vary significantly by area level socioeconomic sta-

tus; better access was associated with lower social deprivation,

higher educational attainment, and greater household income.3–8

The available evidence on the association of AED access with

income inequality is rather limited; we previously showed better

AED density with greater inequality at small spatial scales.7 Bys-

tander cardiopulmonary resuscitation (CPR) has been similarly asso-

ciated with area-level socioeconomic factors,9–14 but the relationship

of app- or text-based first response with such factors as well as

income inequality has not yet been examined.
rg/
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The 2021 ERC guidelines recommend two AEDs and at least 10

volunteer first responders per km2 for early access to resuscitation

resources,15 given the improved public’s capability by app- or text-

based alert systems to promptly summon volunteer first responders

in the event of suspected OHCAs.16–18 This interconnected system-

level approach strives to ensure equal access to resuscitation

resources across entire areas and emphasize the necessity of recti-

fying disparities in AED and first responder availability. However, no

prior study has examined access to AEDs and first responders based

on the 2021 ERC guidelines or investigated their associations with

socioeconomic factors and income inequality.

Hence, this study aimed to assess the area coverage of AEDs

and the availability of volunteer first responders as well as their asso-

ciations with socioeconomic factors and income inequality at small

spatial scales using data from the city of Berlin, Germany.

Methods

This cross-sectional study examines small spatial scales within Ber-

lin, encompassing 542 neighbourhoods (mean population: 6,900 in

202019distributed across 12 districts. We delineated Berlin neighbor-

hoods using ’Planungsräume’ (planning areas), the smallest units for

managing demographic and social dynamics,19 which vary in size

and population. We excluded six neighbourhoods with a population

size of less the 300 inhabitants due to data protection considerations.

In our study, area coverage of AEDs is assessed at the neigh-

bourhood level (i.e., units of analysis are neighbourhoods). Further,

first responder availability is assessed at the OHCA case level

(i.e., units of analysis are OHCA cases).

Emergency medical system, app-based alert system, and

AED registries

The Berlin Fire and Rescue Service is the central authority responsi-

ble for Emergency Medical Services (EMS) coordination across the

Berlin catchment area, covering 3.7 million residents and

891.7 km2.19 The EMS department maintains a comprehensive

OHCA registry pursuant to Utstein style20 that encompasses the pro-

tocols of all EMS providers operating within its jurisdiction.

Since 2020, the emergency dispatch centre notifies, via an app-

based alert system called KATRETTER, nearby volunteer first

responders about patients with suspected OHCA, discerned based

on telephone interrogations with the Advanced Medical Priority Dis-

patch System (AMPDS). Individuals are eligible to register in the

KATRETTER system regardless of whether they have completed a

CPR and/or AED course. As of October 15, 2022, an enrolment of

10,102 individuals as volunteer first responders was recorded.21

The KATRETTER alarm activates within a 500-meter radius of the

patient’s site, which can be extended up to 1,000 meters in the city’s

outskirts. Each alarm persists for 45 seconds and is iterated up to

three times until three responders have accepted the activation; how-

ever, more than three responders are possible if the last alarm has

more activations than targeted (e.g., 1–1–2) as once accepted acti-

vations are not cancelled.

AED installation in Berlin is entirely reliant on private initiatives,

with no legal obligation to report publicly accessible AEDs to a regu-

latory entity. In Berlin, two registries, administered by non-profit

organisations “DefiNetz” and “Berlin Schockt”, are accessible to

volunteer first responders via their respective apps. Of note, the

app-based alert system KATRETTER currently lacks connection with
AED registry data. Although the dispatch centre holds AED location

data from a subset of AEDs in Berlin, the inclusion of AED naviga-

tional guidance in standard telephone CPR instructions is

uncommon.

Study sample

The study analysed geo data of 776 AEDs retrieved from the “Defi-

Netz” and “Berlin Schockt” databases on 7 and 10 February 2022,

respectively, following the exclusion of 201 duplicate entries, four

AEDs located at airports, and two entries with incomplete geospatial

data.

For the analysis of AED area coverage, we extracted potential

OHCA cases between February 11 and September 30, 2022 from

the Berlin Fire and Rescue Service control centre database using

Structured Query Language (Supplemental Material). We chose

February 11, 2022 to consider OHCA cases after the date of AED

retrieval Further, September 30, 2022 was the date of this extraction

from the database.

For the analysis of first responder availability, we considered sus-

pected OHCA cases between February 11 and September 30, 2022

identified by systematized caller interrogations with in the AMPDS,

which activates the app-based alert system KATRETTER. We distin-

guished OHCAs according to time of the day (day from 06:00 to

17:59 and night from 18:00 to 05:59).

The ethics committee of Charité – Universitätsmedizin Berlin

approved the study (EA4/086/22).

Configuration of geospatial map

We used OHCA zones with a radius of 399.04 m around each OHCA

site (corresponding to a 0.5 km2 area) to calculate AED coverage.

After identifying OHCA zones possessing at least one AED, we dis-

solved areas of overlap between zones and computed the surface of

OHCA zones with AEDs and all OHCA zones at the neighbourhood

level. Sparsely populated areas under the Federal Nature Conserva-

tion Act were identified and subtracted from the areas. Proximity of

OHCA cases to commercial and congested areas (<100-meter linear

distance) was determined using Google Maps to account for fre-

quentation density. Spatial analyses of AEDs and OHCA sites were

conducted using QGIS Version 3.4 (QGIS Development Team,

Zurich, Switzerland).

Study endpoints

The primary study endpoint was the area coverage of AEDs at the

neighbourhood level, defined as the surface of OHCA zones with

at least one AED in relation to the total surface of OHCA zones within

the neighbourhood. This endpoint enables the consideration of AED

density per 0.5 km2, in accordance with the 2021 ERC guidelines

recommending two AEDs per km2. The secondary study endpoint

was the availability of first responders at the OHCA case level,

assessed by the number of responders accepting the alarm

(0, 1, 2, 3 or more).

Neighbourhood and district factors

Neighbourhood factors considered were the 2020 unemployment

rate and the 2020 proportion of residential areas with substandard

living conditions, defined as a high level of structure density, limited

availability of green or open spaces, and exposure to noise and

odour pollution.19 District factors considered were: 2017 economic

level (average income tax per capita)22; 2020 income inequality level

(Gini coefficient on a scale ranging from zero (perfect equality) to one



Fig. 2 – OHCA zones in Berlin. OHCA zones defined as

areas with a radius of 399.04 m around previous OHCA

incident sites.
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(maximum inequality))23; 2020 low educational attainment level

(percentage of individuals aged � 25 years with a low level of

education according to the International Standard Classification of

Education (levels 0–2)).18 Regional reports from the Berlin Senate

Department for Urban Development19 and the Berlin-Brandenburg

Statistics Office23 as well as a response from the Berlin Senate

Department for Finances22 were the data sources.

Statistical analyses

We described the study endpoints as means and standard deviations

(SDs) or medians and interquartile ranges (IQRs) by quartiles of

socioeconomic factors and income inequality. To examine associa-

tions of AED area coverage, we used multilevel linear regression

(MLR) models, considering the hierarchical data structure with neigh-

bourhoods (level 1, N = 536) nested within districts (level 2, N = 12).

We fit separate random-intercept MLR models including the district-

level variables income tax per capita (economic model) and Gini

coefficient (income inequality model) plus one further district-level

variable (low educational attainment) and two neighbourhood-level

variables (unemployment rate, substandard living conditions) as

explanatory variables. To analyse associations of first responder

availability, we used generalized linear regression (GLR) models with

Poisson link function accounting for the intra-class correlation (ICC)

and the data distribution. We fit separate GLR models for each

explanatory variable and additionally included the variables commer-

cial and congested area as well as time of the day. We estimated

coefficients (in MLR models) and rate ratios (RRs) (in GLR models)

with 95 % confidence intervals (CI) for quartiles of socioeconomic

factors and income inequality using quartile 1 as the reference

category. As the dependent variables in the MLR models were

log-transformed, coefficient estimates can be interpreted as

percentage change. Analyses of the secondary endpoint are

exploratory. The statistical analysis was performed using R Version

4.2.2 (R Foundation for Statistical Computing, Vienna, Austria).

Results

Fig. 1 shows the selection of the analytical samples for both study

outcomes. For the analysis of access to AEDs, 5,017 potential

OHCA cases were retrieved from the database, with 1,554 OHCA
Fig. 1 – Selection of analytical cases for each study

endpoint. OHCA; Out-of-Hospital Cardiac Arrest,

AMPDS; Advanced Medical Priority Dispatch System.
cases confirmed on-site. Excluding 381 cases (due to delayed death

declaration, insufficient documentation, unknown address, and loca-

tions outside the study area), the analytic sample comprised 1,173

OHCA cases. For the analysis of first responder availability, 2,831

suspected OHCA cases were identified by the AMPDS, of which

2,477 cases triggered the KATRETTER alarm, with 713 confirmed

OHCA on-site, including 457 cases from day and 256 cases from

night.

Fig. 2 shows OHCA zones based on 1,173 cases and surround-

ing areas of 0.5 km2. On average, OHCA zones accounted for

62.1 % (SD 30.3) of neighbourhood surfaces, and 43.1 % (IQR

2.3–87.2) of OHCA zones had access to at least one AED. The

median number of available first responders per OHCA case was
Fig. 3 – Neighbourhoods by quartiles of AED area

coverage. Area coverage defined as the surface of

OHCA zones with at least one AED in relation to the

total surface of OHCA zones within the neighbourhood.



Table 1 – Study metrics by quartiles of socioeconomic factors and income inequality.

Neighbourhood level (N = 536) OHCA case level (N = 713)

OHCA zonesa OHCA zones with at least 1 AED First responders available

Surface (km2),

median (IQR)

Surface to total

neighbourhood surface (%),

mean (SD)

Surface (km2),

median (IQR)

Surface to total OHCA

zones’ surface (%),

median (IQR)

(=AED area coverage)

Number of volunteer first

responder, median (IQR)

(=first responder availability)

Berlin 0.50

(0.33–0.76)

62.1 (30.3) 0.19

(0.08–0.41)

43.1

(2.3–87.2)

1.0

(0.0–1.0)

Neighbourhood level

Unemploymentb

Quartile 1 (low) 0.56

(0.32–0.96)

42.3 (28.1) 0.01

(0.0–0.30)

5.0

(0.0–55.1)

1.0

(0.0–1.0)

Quartile 2 0.50

(0.33–0.68)

65.9 (30.6) 0.26

(0.08–0.43)

58.6

(17.2–96.6)

1.0

(0.0–1.0)

Quartile 3 0.55

(0.34–0.76)

66.1 (27.5) 0.25

(0.04–0.46)

50.5

(14.1–89.1)

1.0

(0.0–1.0)

Quartile 4 (high) 0.42

(0.32–0.66)

74.2 (25.3) 0.21

(0.06–0.40)

53.9

(11.8–90.3)

1.0

(0.0–1.0)

Substandard living conditionsc

Quartile 1 (low) 0.49

(0.33–0.71)

63.2 (30.1) 0.21

(0.03–0.42)

54.2

(0.1–93.2)

1.0

(0.0–1.0)

Quartile 2 0.71

(0.50–1.03)

47.9 (26.4) 0.23

(0.0–0.44)

35.5

(0.0–70.6)

1.0

(0.0–1.0)

Quartile 3 0.67

(0.41–0.92)

58.1 (29.9) 0.18

(0.0–0.41)

28.8

(0.0–72.1)

1.0

(0.0–1.0)

Quartile 4 (high) 0.40

(0.27–0.55)

67.1 (30.9) 0.17

(0.01–0.36)

44.5

(0.0–89.5)

1.0

(0.0–1.0)

District level

Low educational attainmentd

Quartile 1 (low) 0.45

(0.31–0.72)

54.3 (52.4) 0.10

(0.0–0.32)

31.4

(0.0–76.3)

1.0

(0.0–1.0)

Quartile 2 0.52

(0.35–0.72)

66.4 (74.0) 0.31

(0.12–0.41)

61.9

(30.5–95.4)

1.0

(0.0–1.0)

Quartile 3 0.51

(0.32–0.81)

69.3 (76.2) 0.25

(0.05–0.49)

63.2

(0.1–92.9)

1.0

(0.0–1.75)

Quartile 4 (high) 0.50

(0.33–0.89)

59.7 (64.2) 0.14

(0.0–0.33)

29.0

(0.0–62.9)

0.0

(0.0–1.0)

Income tax per capitae

Quartile 1 (low) 0.57

(0.37–0.83)

55.2 (30.7) 0.11

(0.0–0.34)

22.9

(0.0–63.9)

1.0

(0.0–1.0)

Quartile 2 0.41

(0.28–0.66)

59.6 (29.5) 0.09

(0.0–0.26)

27.4

(0.0–65.6)

0.0

(0.0–1.0)

Quartile 3 0.51

(0.32–0.74)

69.8 (28.3) 0.33

(0.14–0.48)

73.1

(36.0–97.3)

1.0

(0.0–1.0)
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one (IQR 0.0–1.0). The number (%) of OHCA with zero, one, two,

three, and four first responders was 319 (44.7 %), 261 (36.6 %),

107 (15 %), 24 (3.4 %), and 2 (0.3 %), respectively. Fig. 3 shows

Berlin neighbourhoods according to quartiles of AED area coverage.

The coverage was highest in the city centre and decreased towards

the city’s outskirts.

Table 1 presents the study metrics by quartiles of socioeconomic

factors and income inequality. The AED area coverage was higher in

upper compared to lower income tax quartile neighbourhoods

(22.9 % (IQR 0.0–63.9) in quartile 1 vs 55.5 % (IQR 7.1–95.5) in

quartile 4). Further, AED area coverage was higher in neighbour-

hoods with greater inequality according to the Gini coefficient,

ranging from 22.9 % (IQR 0.0–63.9) in quartile 1 to 87.7 %

(IQR 43.1–99.8) in quartile 4.

Association of AED area coverage

The district level accounted for 18 % of the variance in area coverage

at neighbourhood level (ICC = 0.18). Table 2 presents coefficient

estimates with 95 % CI from multilevel models for associations of

AED area coverage. A positive association was observed with per

capita income tax, with quartiles 3 and 4 showing a 15 % and

13 % higher AED area coverage, respectively, as compared to

quartile 1 (coefficient [95 % CI]: 0.15 [0.05–0.25] in quartile 3; 0.13

[0.01–0.25] in quartile 4). A positive association with income inequal-

ity was also observed; compared to quartile 1, quartiles 2, 3, and 4

exhibited a 6 %, 13 %, and 26 % higher AED area coverage,

respectively (coefficient [95 % CI]: 0.06 [0.01–0.11] in quartile

2, 0.13 [0.04–0.23] in quartile 3, and 0.26 [0.19–0.32] in quartile 4).

A positive association was observed with unemployment rate in the

economic model (coefficient 0.20, 95 % CI 0.13–0.27 in quartile 4)

and the income inequality model (coefficient 0.19, 95 % CI

0.12–0.26 in quartile 4). A negative association was found with

substandard living conditions in the economic model (coefficient

– 0.07, 95 % CI �0.14–�0.00 in quartile 4) and the income inequality

model (coefficient – 0.08, 95 % CI �0.14–�0.01 in quartile 4).

Associations of first responder availability

The district level correlation among neighbourhoods regarding the

volunteer first responder availability was negligible (ICC = 0.02).

Table 3 presents RRs and 95 % CI from Poisson models for associ-

ations of first responder availability. No association was found of first

responder availability with income tax per capita. A positive associa-

tion was observed with the highest level of the Gini coefficient, with a

31 % higher responder availability in quartile 4 compared to quartile 1

(RR 1.31, 95 % CI 1.03–1.67). A negative association was found with

unemployment rate, with a 22 % lower level in responder availability

in quartile 4 compared to quartile 1 (RR 0.78, 95 % CI 0.61–0.98).

Similarly, a negative association was found with low educational

attainment level, with a 28 % lower availability in quartile 4 compared

to quartile 1 (RR 0.72, 95 % CI 0.55–0.92). No association was

observed with substandard living conditions.

Discussion

The present study is, to our knowledge, the first to investigate access

to AEDs and first responders in accordance with the 2021 ERC

guidelines and their associations with socioeconomic factors and

income inequality at small spatial scales.



Table 2 – Coefficients with 95% confidence intervals for associations of AED area coverage at the neighbourhood
level with socioeconomic factors and income inequality.

Economic model Income inequality model

Coefficient [95 % CI] P-value Coefficient [95 % CI] P-value

Neighbourhood level

Unemployment

Quartile 1 (low) Ref. Ref.

Quartile 2 0.18 [0.12; 0.23] <0.001 0.18 [0.12; 0.23] <0.001

Quartile 3 0.19 [0.13; 0.25] <0.001 0.19 [0.13; 0.25] <0.001

Quartile 4 (high) 0.20 [0.13; 0.27] <0.001 0.19 [0.12; 0.26] <0.001

Substandard living conditions

Quartile 1 (low) Ref. Ref.

Quartile 2 – 0.05 [– 0.15; 0.04] 0.269 – 0.05 [– 0.14; 0.04] 0.282

Quartile 3 – 0.08 [– 0.14; – 0.03] 0.004 – 0.07 [– 0.13; – 0.02] 0.011

Quartile 4 (high) – 0.07 [– 0.14; – 0.00] 0.037 – 0.08 [– 0.14; – 0.01] 0.025

District level

Low educational attainment

Quartile 1 (low) Ref. Ref.

Quartile 2 0.08 [– 0.05; 0.22] 0.235 0.17 [0.10; 0.24] <0.001

Quartile 3 0.05 [– 0.09; 0.18] 0.492 0.09 [0.03; 0.15] 0.002

Quartile 4 (high) – 0.03 [– 0.12; 0.07] 0.589 0.04 [– 0.02; 0.11] 0.191

Income tax per capita

Quartile 1 (low) Ref.

Quartile 2 0.05 [– 0.07; 0.16] 0.443

Quartile 3 0.15 [0.05; 0.25] 0.014

Quartile 4 (high) 0.13 [0.01; 0.25] 0.047

Gini coefficient

Quartile 1 (low) Ref.

Quartile 2 0.06 [0.01; 0.11] 0.011

Quartile 3 0.13 [0.04; 0.23] 0.008

Quartile 4 (high) 0.26 [0.19; 0.32] <0.001

Coefficients with 95% confidence intervals from separate multilevel random intercept models for income tax per capita (economic model) and Gini coefficient

(income inequality model), with 536 neighbourhoods nested within 12 districts.
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Based on registry data from Berlin, our results show that AED

area coverage was positively associated with income tax, while first

responder availability was not. Both AED area coverage and first

responder availability were positively associated with income

inequality. AED area coverage was positively associated with

unemployment rate and negatively associated with substandard

living conditions, whereas first responder availability was negatively

associated with unemployment rate and low educational attainment

level.

Methodological aspects of AED area coverage assessment

Previous studies included entire neighbourhoods and total numbers

of AEDs in assessing AED area ratio and AED density.2–4 This

approach may result in biased estimation due to sparsely populated

areas and large numbers of AEDs in certain locations. To overcome

this issue, we excluded green and terrain-protected areas and estab-

lished 0.5 km2 zones based on OHCA incidence sites, aligning with

the recommendation of two AEDs per km2. This approach is applica-

ble to other settings.

Socioeconomic factors at small spatial scales

Prior studies showed a pronounced positive association of AED

accessibility with the economic level at spatial scales.3,6,7 Our results

indicate this association persists under the 2021 ERC guidelines,
emphasizing the pivotal role of financial resources in ensuring equi-

table spatial distribution of AEDs.24,25 Further, prior studies showed

positive associations of bystander CPR with the economic

level,9,11,12 but we observed no association of first responder avail-

ability with income tax per capita. This finding suggests use of an

app-based alert system flattens disparities according to area income

and supports prior studies indicating the efficacy of such a system in

improving bystander CPR rates.26,27 The finding further suggests

volunteer first responders who bring AEDs to the scene may repre-

sent a future strategy for equitable access. Our analysis shows

inconsistent associations of resuscitation resources with neighbour-

hood unemployment rate in line with previous research: a positive

association of AED accessibility3 and a negative association of first

responder availability with unemployment rate.13,28 Such incongruity

may impede the optimal resource utilization and disrupt the continu-

ity in the chain of survival.29

Education level is considered a crucial factor in bystander CPR

engagement.11,12 We extrapolate previous finding in this regard to

app-based first responder availability showing a negative association

with low educational attainment, but only at the highest level. This

may be due to educated individuals being involved in the app-

based first responder system28 and their engagement remaining

unaffected by local educational attainment level until a certain

threshold is surpassed.



Table 3 – Rate ratios and 95% confidence intervals
for associations of first responder availability at the
OHCA case level with socioeconomic factors and
income inequality.

Rate Ratio [95 % CI] P-value

Neighbourhood level

Unemployment

Quartile 1 (low) Ref.

Quartile 2 0.93 [0.74; 1.16] 0.504

Quartile 3 0.76 [0.60; 0.97] 0.025

Quartile 4 (high) 0.78 [0.61; 0.98] 0.035

Substandard living conditions

Quartile 1 (low) Ref.

Quartile 2 0.88 [0.71; 1.08] 0.232

Quartile 3 0.88 [0.70; 1.08] 0.223

Quartile 4 (high) 1.02 [0.69; 1.45] 0.932

District level

Low educational attainment

Quartile 1 (low) Ref.

Quartile 2 1.04 [0.84; 1.29] 0.737

Quartile 3 1.08 [0.84; 1.37] 0.550

Quartile 4 (high) 0.72 [0.55; 0.92] 0.011

Income tax per capita

Quartile 1 (low) Ref.

Quartile 2 0.88 [0.70; 1.10] 0.266

Quartile 3 1.12 [0.88; 1.41] 0.356

Quartile 4 (high) 1.12 [0.88; 1.43] 0.359

Gini coefficient

Quartile 1 (low) Ref.

Quartile 2 0.95 [0.77; 1.17] 0.628

Quartile 3 1.07 [0.72; 1.56] 0.718

Quartile 4 (high) 1.31 [1.03; 1.67] 0.026

Rate ratios and 95% CI from separate generalized linear regression models

with Poisson link function adjusted for commercial and congested area and

time of the day, with 713 OHCA cases with app-based alert.

CI: confidence interval.
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Income inequality at small spatial scales

Prior social epidemiology research has established a negative asso-

ciation between income inequality at spatial levels and population

health.30–32 Our findings, however, indicate a positive association

between inequality and access to resuscitation resources. This

deviance from previous research may relate to the small-scale spa-

tial level of our study. In contrast to macro- or meso-level spatial con-

texts, micro-level spatial contexts such as neighbourhoods or

districts are everyday living spaces. When analysing such small spa-

tial context, the Gini coefficient may be seen as an indicator of

income diversity rather than inequality. Aligned with Wilson’s social

mix theory,33 individuals who are considerably wealthier than the

general residents in a given area may more likely receive political

attention, leading to the allocation of premium resources. This could

foster a sense of collective efficacy within the community34 and

encourage community engagement in public health initiatives related

to the chain of survival.

In the model development, we found a collinearity between the

highest quartile of average per capita income tax and the highest

quartile of the Gini coefficient. This was due to the influence of

extreme values on the mean income tax. Further research should

investigate the underlying mechanism linking economic level and

income inequality and explore their potential impact on the resuscita-

tion strategies and OHCA outcomes at small spatial scales.
Policy implications

Our study results, showing alert system activation in 87.5 % and

60.8 % of suspected and confirmed OHCA cases, respectively,

AED area coverage according to the 2021 ERC guidelines of

43.1 %, and availability of only one volunteer first responder per

OHCA case, emphasise the combined assessment of these indica-

tors can reveal imbalances and imply priorities in guideline

implementation.

Our study findings further underline the importance of considering

potential associations of AED area coverage and first responder

availability with socioeconomic factors and income inequality at small

spatial scales: policy makers should focus on mitigating any dispar-

ities in resource accessibility that may relate to such contextual

factors.

The 2021 ERC guidelines are based on a study conducted by

Stieglis et al. in the Netherlands.17 Lower OHCA survival rates in

Germany than the Netherlands suggest shortcomings in guideline

implementation.35 Dutch AED dissemination has been enhanced

by a synergy of public and private initiatives, coupled with a cam-

paign for 24/7 AED accessibility, whereas Berlin’s AED installation

is solely dependent on private efforts without a similar campaign.

The Dutch alert system activates up to 30 first responders,17 while

the KATRETTER system currently targets a smaller group of just

three. Furthermore, the Dutch system operates AED dispatch within

its alert mechanism, a feature not yet implemented in Berlin. Notably,

from October 2020 to October 2022, 34 % of KATRETTER first

responders in Berlin terminated their activation without initiating

CPR, due to prior arrival of the rescue service,21 indicating an area

for potential system improvement. The Dutch regions investigated

by Stieglis et al. and our study region Berlin are similarly urbanized

according to the EUROSTAT classification.36 However, considering

degree of urbanisation may be relevant for guideline implementation.
Strengths and limitations

This study has several strengths. Firstly, the study provides first data

on access to AEDs and volunteer first responders based on the 2021

ERC guidelines, using a stepped-up methodological approach, which

accounts for sparsely populated areas and concentrated AED distri-

bution. Secondly, the study provides novel insights into associations

between accessibility of resuscitation resources and income inequal-

ity at small spatial scales. Thirdly, the analysis of responder availabil-

ity considers OHCA occurrence time and congested areas as

possible confounding factors. Of note, frequentation density may dif-

fer between day and night and urban areas considered (residential,

tourist, and industrial).

This study is also subject to several limitations. First, as a cross-

sectional study, the analysis does not account for temporal

sequence. Second, the study was limited to OHCA cases that

occurred over a period of approximately seven months, resulting in

a selected sample of OHCA areas and a restricted sample of OHCA

events with alert system activation. Third, we used socioeconomic

data from 2017 and 2020, alongside outcome data from 2022. Thus,

we could not consider potential recent changes in socioeconomic

factors. Fourth, the AED registry data might be incomplete due to

lack of mandatory registration, and we are unable to estimate the

extent of AED registration. However, unregistered AEDs lack con-

nection to the resuscitation system. Fifth, our study results, derived

from a complex EMS in a high-income country, may lack generaliz-

ability to low- or middle-income countries.
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Conclusion

This study substantiated inadequate accessibility of AEDs and first

responders in relation to the 2021 ERC guidelines, with disparities

related to socioeconomic factors and income inequality at small spa-

tial scales. Ensuring public access to resuscitate resources necessi-

tates a thorough understanding of social patterns underpinning the

implementation. In particular, income inequality along with socioeco-

nomic factors at small spatial scales should be considered to ensure

equitable access to AEDs and volunteer first responders.
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