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Abstract:
OBJECTIVES: The aim of this study is to determine the most appropriate locations for the effective use 
of automated external defibrillators (AEDs) by examining the locations and frequency of out‑of‑hospital 
cardiac arrests (OHCAs) in a metropolitan city in Izmir.
METHODS: This research is a retrospective cross‑sectional study. The data of the study were 
obtained from the Emergency Health Automation System. Data belonging to OHCA cases intervened 
by emergency aid ambulances were analyzed. The data were recorded and mapped by matching 
the regions where deaths occurred with the address records. Geographic Information Systems 
technologies were used in mapping the data. Kernel density analysis was used to produce density 
maps of point cases. Data analyses were performed with IBM SPSS Statistics 25.0 Statistical 
Program, and binary logistic regression analysis was used to determine the factors affecting the 
frequency of arrest. The significance value was accepted as P < 0.10 for logistic regression analysis 
and P < 0.05 for other tests.
RESULTS: In the study, a total of 1790 OHCA cases were identified in public areas in the center of 
the metropolitan city between 2015 and 2020. Of the 1790 OHCAs, 34.5% were female and 65.5% 
were male. 49.4% of the deaths were seen in public areas and on streets and avenues where human 
movement is high. Approximately 34.5% of the deaths were seen in nursing homes. Only one cardiac 
arrest case was seen at the international airport in the city. The average arrival time of ambulances 
was found to be 7.3 min in the city center.
CONCLUSION: This study is the first AED location determination study conducted in Turkey based 
on OHCA cases. Each country and region should reveal its sociocultural differences and make its 
plans by taking population mobility into account. Instead of making decisions based solely on the 
number of deaths, population mobility should be the determining factor. Countries should evaluate 
their AED installation policies in this context.
Keywords:
Automated external defibrillator, basic life support, bystander, out‑of‑hospital cardiac arrest, survival

Address for 
correspondence: 

Mukadder Tortumlu, 
Department of First Aid 
and Emergency Care, 

Vocational School of 
Health Services, Izmir 

Katip Çelebi University, 
Izmir, Turkey. 

E‑mail: mukadder.ozbek@
ikcu.edu.tr

Original Article

How to cite this article: Tortumlu M, Payza U, 
Çolak HE. A cross‑sectional analysis of out‑of‑hospital 
cardiac arrests in a metropolitan area to determine 
optimal automated external defibrillator placement. 
Turk J Emerg Med 2025;25:265-72.

This is an open access journal,  and articles are 
distributed under the terms of the Creative Commons 
Attribution‑NonCommercial‑ShareAlike 4.0 License, which 
allows others to remix, tweak, and build upon the work 
non‑commercially, as long as appropriate credit is given and 
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

Access this article online
Quick Response Code:

Website:
https://turkjemergmed.com/

DOI:
10.4103/tjem.tjem_83_25

ORCID:
MT: 0000‑0001‑8493‑4641
UP: 0000‑0002‑5297‑1066

HEÇ: 0000‑0002‑3000‑1704

Submitted: 26‑02‑2025
Revised: 29‑07‑2025

Accepted: 30‑07‑2025
Published: 01-10-2025



Tortumlu, et al.: Optimal automated external defibrillator placement

266	 Turkish Journal of Emergency Medicine - Volume 25, Issue 4, October-December 2025

Introduction

The most important consequence of cardiac arrest is 
myocardial and neurological damage that is caused 

by hypoxia.[1,2] It is important to ensure the return of 
spontaneous circulation (ROSC) as soon as possible to 
avoid this damage.[3] Especially in out‑of‑hospital cardiac 
arrests  (OHCAs), the time required for the medical 
teams to reach the scene is quite vital. In this time, 
cardiopulmonary resuscitation (CPR) practices that will 
be performed by eyewitnesses, and the use of automated 
external defibrillators (AEDs) is very important.[4] CPR 
training has been used for a long time to increase survival 
after OHCAs. Especially in the late century, the common 
use of AEDs became an important healthcare policy. 
Public education efforts for AED use are ongoing.

Despite the efforts of the medical teams to increase 
the intervention rates, teaching the CPR and AED 
use to the public other than healthcare staff, and the 
dissemination of this device, the survival rates of the 

victims of sudden cardiac death and the rate of discharge 
without neurological sequelae are quite low.[5‑7] One of 
the most important reasons for the low survival rates is 
the inability to disseminate the use of AEDs at adequate 
levels, and the uncertainty regarding their placement in 
residential areas.[1,2,6,7]

It is predicted that the correct determination of the 
locations to be placed will increase the benefits of AEDs 
and have significant effects on survival. For this reason, 
it is recommended to plan the residential areas to which 
AEDs will be placed for each city/region by considering 
transportation and living conditions.[1,2,6,7]

The present study aimed to ensure the efficient placement 
and use of AEDs in residential areas by examining the 
locations and incidences of OHCAs in the city of İzmir, 
Türkiye. The results of the study will provide insight 
regarding the places where AEDs must be placed in 
similar residential areas and population distribution.

Methods

Study design
The current study was conducted in Izmir, Türkiye. 
Izmir is the third largest metropolitan city in Turkey. 
The central area of the city covers an area of about 900 
km2, and the population is about 3 million in the central 
area. Ethics Committee approval was obtained from 
Izmir Katip Çelebi University, Atatürk Training and 
Research Hospital, Non‑Interventional Ethics Committee 
(13.02.2020, number: 611).

The “Emergency Calls” made to emergency healthcare 
services for out‑of‑hospital deaths in Izmir between 
January 1, 2015, and January 1, 2020, were analyzed 
in the study. The OHCAs that occurred in the city 
were analyzed retrospectively through the Emergency 
Health Automation System (EHAS), which is the 112 
data system of the healthcare system. The data and 
localizations of deaths were analyzed from the EHAS. 
The areas where the deaths occurred were matched 
with the address records, and the data were recorded 
and mapped. Kernel density analysis was made to 
generate the density maps of cardiac arrest cases 
represented by dotted marking. In addition, maps were 
created using the mean center, central feature, and 
standard deviation (SD) ellipse (directive distribution) 
of the dotted case distribution and were marked on 
the map.

In the study, a dot‑plot distribution map, which showed 
the distribution of OHCA cases  (n: 1766) and maps, 
which showed the distribution densities of the cases over 
the geographical areas, were produced [Figures 1 and 2]. 
Furthermore, the mean center, central feature, and SD 

BoxED section
What is already known on the study topic?
•	 The use of AEDs for OHCA cases has a great 

importance in survival
•	 It is recommended to plan the residential areas to 

which AEDs will be placed for each city/region by 
considering transportation and living conditions.

What is the conflict on the issue? Has it importance 
for readers?
•	 Despite all efforts, there is still uncertainty about 

the most suitable AED locations
•	 Survival rates remain low in countries where AEDs 

are not placed in appropriate locations
•	 It is predicted that the correct determination of the 

locations to be placed will increase the benefits of 
AEDs, have significant effects on survival.

How is this study structured?
•	 In this study, addresses of out‑of‑hospital deaths 

were examined retrospectively. Then, using 
GIS, Core Density Maps of these addresses were 
produced.

What does this study tell us?
•	 AEDs must be kept close to nursing homes where 

the elderly and chronic patients live
•	 It was observed that deaths under the age of 65 

mostly occur in sports facilities, prisons, and 
schools/educational institutions

•	 Not only the densely populated areas but also the 
shopping centers and government buildings that 
have high human activity during the day must be 
considered in planning. When AED installation 
policies are determined, each country should 
identify its sociocultural differences.
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ellipse (skewed distribution) of the point case distribution 
were produced and shown on the map [Figure 3].

Patients and setting
In the present study, out‑of‑hospital deaths in which 
emergency and rescue ambulances of the Ministry of 
Health intervened were analyzed. Exclusion criteria 
were applied in the study. OHCAs under 8 years of age, 

traumatic, occurring at home or on private property, 
and with an undetermined address were excluded. All 
other OHCAs occurring in public places were included.

Data collection
The demographic data were analyzed retrospectively by 
using the EHAS, and case forms were created. Detailed 
address data of the patients were mapped along with 

Figure 1: Core density analysis map of out of hospital cardiac arrest cases in the city center of İzmir, Türkiye

Figure 2: Dot plot distribution of out‑of‑hospital cardiac arrest cases in the city center of İzmir
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demographic data over the localization data of the 
ambulance team arriving at the scene. A total of 13 main 
locations and sublocations where OHCAs occurred are 
shown in Table 1.

Mapping
Geographic Information Systems (GIS) technologies were 
used in the mapping work in this study. The address 
data of the cases were mapped with ArcGIS Desktop 10.4 
software by using Izmir Metropolitan Municipality GIS 
Database. The marking with a dot in coordinates was 
created with the “Geocoding” of GIS. Of the 1790 OHCA 
cases obtained by analyzing the EHAS database, 1,200 
were displayed as points on a map using the GIS system. 
For the 566 OHCA cases whose addresses did not match 
the GIS data layers and whose coordinate data could not 
be generated in the system, location determination was 
performed using Google Earth Pro technology. Kernel 
density analysis was used to produce the density maps of 
point cases. In the Kernel density analysis, the density of 
sample points within the study area was determined by 
the number of samples falling within a certain radius.[8]

Statistical analysis
The IBM SPSS  Statistics 25.0 Statistical Program was 
used for the analysis of the data. Descriptive statistics 
were given as the number of units (n), percentages (%), 
mean ± SD (x̄ ± SD), median, minimum and maximum 
values, and percentile values. The relations between 
the dependent and the independent variables were 
checked with the Chi‑square analysis if the independent 
variable was categorical. In case numerical variables 

were detected, the normality of the data and the 
number of groups were tested with the ındependent 
two‑sample t‑test, Mann–Whitney U‑test, one‑way 
analysis of variance, Kruskal–Wallis analysis, and 
Kolmogorov–Smirnov and Shapiro–Wilk tests. The 
non‑parametric Dunn–Bonferroni comparison test was 
applied because the age of the patients did not fit the 
normal distribution. Binary logistic regression analysis 
was used to determine the factors that affected the 
frequency of arrests. The significance value was taken 
as P < 0.10 for logistic regression analysis and P < 0.05 
for other tests.

Results

Characteristics of participants
A total of 22.908 OHCAs were determined for the study 
in Izmir between January 1, 2015 and January 1, 2020, and 
14,898 of these deaths occurred in the city center. A total 
of 367 cases were under 8 years of age, and 522 cases 
were identified as trauma‑related deaths. Furthermore, 
68 OHCA cases were followed in medical centers 
with AEDs. The location data of 200 cases were found 
insufficient and were excluded from the study. A total of 
1790 OHCA occurred in the city center where the study 
was planned; 87% of the deaths (n: 12.019) occurred in 
homes and private areas of the person.

A total of 34.5% (n: 618) of OHCA cases were female, 
and 65.5%  (n: 1172) were male. The mean age of the 
women was 77  ±  16.1, and the mean age of the men 
was 64.7  ±  16.4. In our study, the most common 

Figure 3: Standard deviation ellipse and central point map of distribution of out‑of‑hospital cardiac arrest cases in İzmir city center



Tortumlu, et al.: Optimal automated external defibrillator placement

Turkish Journal of Emergency Medicine - Volume 25, Issue 4, October-December 2025	 269

locations for OHCA cases were nursing homes, with 
a rate of 34.5% (618). The mean age of the deaths here 
was 81 years (SD = 10). Second, the highest number of 
OHCAs was detected in locations such as streets/alleys/
highways, with a rate of 32.3% (577). The average age 
at death in this location was 62 years (SD = 16). Public 
areas were the third‑most common location for OHCA 
with a rate of 17.1% (304). The average age of death in 
public areas was 64  years  (SD  =  15). The OHCA rate 
in public transportation is 3.7%  (66), with an average 
age of 65 (SD = 12); the OHCA rate in accommodation 
facilities/hotels is 2.4%  (42), with an average age of 
56 (SD = 18). These locations are followed by workplaces/

industry, in‑vehicle, school/educational institutions, 
recreation areas, public buildings, prisons/correctional 
facilities, sports institutions/areas, and airports. Among 
13 main locations, the only location where the average 
age of the fatalities was above 65 years was found to be 
nursing homes. In all other locations, the average age 
of death was 65 years and below. Only one death was 
recorded at the airport located in the city center in a 
5‑year period [Table 2].

The mean time for the arrival of the ambulances to the 
scene from the first call to the emergency call center was 
determined to be 7.3 min (SD = 4).

Main outcomes and maps
The map showing the distribution density of OHCA cases 
(n: 1766) in geographical regions produced at the end of 
the study is given in Figure 1. The point–plot  distribution 
map showing the distribution of OHCA cases is also 
shown in Figure 2. In addition, the mean center, central 
feature, and SD ellipse (skewed distribution) of the point 
case distribution are shown in Figure 3.

Discussion

Disseminating the use of AEDs to increase survival in 
deaths that occur outside the hospital is an important 
public healthcare policy all over the world.[1,2,9] Cardiac 
causes make up the majority of out‑of‑hospital deaths.[10] 
Engdahl et al. also reported in their studies that the most 
common cause of death was heart-related. In the same 
study, they emphasized that deaths due to arrhythmia 
have increased among young people in recent years.[11] 
Furthermore, in England, 28.729 EMS-treated OHCA 
cases were reported in 2014 (ie, 53 cases per 100.000 of the 
resident population) with only 7.9% surviving to hospital 
discharge.[12] In the current multicenter study conducted 
by Şener et  al., the discharge rate was determined as 
4.4%.[5] Despite the significant resources allocated for the 
placement of AEDs, which are recommended for use to 
increase survival, especially in arrhythmias, the success of 
their use in public areas is low.[13] Weisfeldt et al. reported 
that AEDs were used in only 2.1% of more than 13000 
emergency healthcare system calls.[14] It was emphasized 
that in order to restore spontaneous circulation (ROSC), 
it is necessary to identify the areas where deaths occur 
and place AEDs in these appropriate locations. However, 
the failure in locating AEDs was shown to be the reason 
for the low success rates.[15,16] In the study that was 
conducted by Moon et al., which examined the success 
of AEDs over the emergency call system, it was reported 
that the use was limited in cases that occurred in areas 
where AEDs were not placed properly.[17] In order to 
increase usage rates, it is necessary to effectively plan 
the locations where AEDs will be placed. In planning; 
separate analyses should be conducted for rural and 

Table 1: Localizations where out‑of‑hospital cardiac 
arrest cases are detected and recorded
1. Nursing homes (Elderly Nursing Homes/Nursing Homes/Disabled 
Nursing Homes)
2. Streets/Alleys/Highways
3. Public areas

Culture art house/cinema/theater
Sanctuaries
Public education centers
Indoor/outdoor parking lot
Other Health Institutions with no AEDs
Public Baths
Restaurants
Coffeehouses/cafes
Docks
Public beaches
Public Bazaars (Food Bazaars/Market Places)
Cemeteries
Squares
Wedding halls
Bus stations
Shopping centers/malls

4. Public transportation
Subway station/Train stations
Public buses

5. Accommodation facilities/Hotels
6. Workplaces/industry

Offices/Workplaces (Factory, Large Workplace, etc.)
Industries/“Otokent”

7. In‑vehicle
8. Schools/educational institutions
9. Recreation areas

Playgrounds/Amusement parks
Green areas (Picnic areas)
Fair areas

10. Public Buildings (Government Houses/County Governor’s 
Offices/Courthouses/Directorates)
11. Prisons/Correctional facilities
12. Sports institutions/areas

Fitness (Gyms/Sports Complexes)
Astroturf Fields/Stadiums
Swimming pools

13. Airports
AED: Automated external defibrillator
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urban areas, taking into account differences in population 
distribution, geographical conditions, and socioeconomic 
variables.[14‑18] In a recent study conducted in our country, 
it was determined that bystander CPR rates were low, 
and AED use was almost nonexistent.[5]

According to our records, mortality rates in public 
buildings, schools, and malls make up approximately 
6% of all deaths. However, deaths in streets and alleys 
in areas where public buildings, large malls, and 
educational areas are densely populated account for 
32% of all deaths. Furthermore, the incidence of deaths 
in these areas is increasing with the dense presence of 
public transportation centers and stops and the high 
daily population mobility. Weisfeldt et al. stated in their 
study that deaths occurred more frequently in shopping 
centers, sports fields, entertainment centers, and 
squares in Western societies than in Eastern societies. 
It was observed that deaths increase in societies where 
social activity areas are intense. The study of Weisfeld 
emphasized that the mean age of these deaths was 
also low.[14] Sasaki et al. conducted a study in Osaka, 
Japan, in 2011, and reported that the incidence of 
OHCA occurred mostly in subway/train stations, and 
the use of train/subway stations, which make up an 
important part of the public transportation system of 
the area, increased the incidence of death.[19] Similarly, 
a study conducted in Arizona reported that deaths 
were concentrated in transportation hubs with high 
population mobility, on streets, in parks, and especially 
inside transportation vehicles.[17] One of the remarkable 
results of our study was that the mean age of death in 
these areas that have high population mobility was 
low. The only place where OHCAs are seen in people 
over  65 is in nursing homes, while in the remaining 
12 major places, OHCAs are seen in people under 65. 
In the out‑of‑hospital medical management of cardiac 
arrests at young ages, effective CPR and the use of early 
defibrillation increased neurological survival.[20] For this 
reason, increasing the number of AEDs in areas where 

the low mean age at death increases may also increase 
the success of survival.

It was detected in our study that the most common deaths 
occurred in nursing homes and dispensaries. Deaths 
generally occur more frequently in areas where the elderly 
population, who need care because of chronic diseases, 
come together.[21] In their study, Pape et al. reported that 
the biggest deficiency in deaths in nursing homes was the 
lack of determination of the first rhythms and the lack of 
AEDs, adding that the presence of AED in nursing homes 
could change survival at a rate of 7%–24%.[22]

In our study, we found that the death rate was higher 
in men than in women. Similarly, the study by Li et al. 
also stated that mortality rates were approximately twice 
as high in males.[9] In the study that was conducted by 
Ok Ahn et al., this rate was 2:1 and 5:1 in Moon et al.’s 
study. It was emphasized that racial and geographical 
differences were effective in the distribution of 
gender.[17,23] In the current study, 87% of the OHCAs were 
monitored in homes and private properties. A study that 
was conducted in the United Kingdom, approximately 
85% of the deaths occurred in private properties.[13] 
Although the use of AEDs for the deaths that occur in 
homes and private properties is controversial, Bardy 
et al. showed in their study AED use at home did not 
increase survival.[24] However, Murakami Yukiko et al. 
reported in their study that there were residential areas 
or blocks with high population density in the city of 
Osaka, where the population was dense in certain areas, 
and they argued that AEDs could be placed near blocks 
that had high population density.[18]

In the present study, no significant relations were 
detected between the population densities of the 
counties that constituted the city center and the deaths 
that occurred. However, some sub‑characteristics were 
noteworthy. The use of AEDs in public health facilities 
was not widespread in the analysis. We detected that 

Table 2: Distribution of out‑of‑hospital cardiac arrest case scenes and sociodemographic characteristics of patients
Case scene Frequency (n=1790), n (%) Female (n=618), n (%) Male (n=1172), n (%) Age±SD P
Nursing homes 618 (34.5) 365 (59.1) 253 (40.9) 81.6±10.8
Streets/alleys/highways 577 (32.3) 130 (22.5) 447 (77.5) 62.7±16.5 0.001
Public areas 304 (17.1) 78 (25.6) 227 (74.4) 64.1±15.3
Public transportation 66 (3.7) 12 (18.2) 54 (81.8) 65.9±12.9
Accommodation facilities/Hotels 42 (2.4) 3 (7.1) 39 (92.9) 56±18
Workplaces/Industry 40 (2.2) 3 (7.5) 37 (92.5) 57.9±14.9
In‑vehicle 39 (2.1) 5 (12.8) 34 (87.2) 60.7±12.5
School/educational institutions 35 (1.9) 13 (37.1) 22 (62.9) 53.5±21.7 >0.05
Recreation areas 26 (1.5) 5 (19.2) 21 (80.8) 62.5±16.8
Public buildings 16 (0.9) 3 (18.8) 13 (81.2) 61.1±20.8
Prisons/correctional facilities 14 (0.7) 0 14 (100) 52.4±12.3
Sports institutions/areas 11 (0.6) 0 11 (100) 51.1±16.4
Airports 1 (0.05) 0 1 (100) 57
SD: Standard deviations
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one‑fourth of OHCAs occurred in healthcare facilities 
that did not have AEDs.

Each minute of delay in defibrillation reduces the success 
of resuscitation at the rate of 3%–5%.[25,26] In our study, 
we determined that the average time from the emergency 
call to the arrival of the ambulances at the scene was 
7.3 min. Studies conducted in other countries have shown 
that ambulance response times vary between 9 minutes 
and 23 minutes.[27‑30] It seems that there are differences 
between countries in ambulance response times. It is 
possible to reduce this time with the AED usage by the 
witnesses until the ambulance arrives at the scene.[26] This 
is the first study conducted in our country to determine 
the need for AEDs according to locations. It also bears 
similarities with international studies, as well as having 
results specific to our country. The data obtained here 
can be evaluated as a reference by the authorities to show 
the needs in the healthcare system. For this reason, it can 
be guiding in national health planning.

Limitations
The study data were taken from emergency healthcare 
services case forms. In these forms, the basic data, such 
as the first arrest rhythm obtained at the scene by the 
medical teams, CPR performed by the witnesses, whether 
defibrillation was performed, were not recorded.

Conclusion

AED location must be planned by considering the 
areas that have high human mobility and visitation 
to increase the efficient use of AEDs. Areas that 
have intense sociocultural activities, such as malls 
and entertainment centers or the intensity of public 
transportation, must be selected. In order to increase the 
survival of young cardiac arrest victims in particular, 
locations where schools, sports facilities, and shopping 
centers are close to each other should be determined, 
and these locations, common areas with AEDs, should 
be planned. In this way, survival rates will increase 
significantly.

Acknowledgments
I would like to thank Associate Professor Başak Bayram, who shared 
her knowledge and experience with us during the design stage of the 
study, and Izmir Metropolitan Municipality Geographical Information 
Systems Branch Directorate for providing the spatial data on the streets 
in the city center.

Author contributions statement (CRedIT statement)
UP: Conceptualization, Investigation, Methodology, Supervision, 
Validation, Writing – review and editing, Project administration.

EHÇ: Visualization, Data curation, Formal analysis, Methodology.

MT: Conceptualization, Investigation, Data curation, Formal analysis, 

Methodology, Writing – original draft.

Conflicts of interest
None Declared.

Ethical approval
The Ethics Committee of Izmir Katip Çelebi University, Atatürk 
Training and Research Hospital, Non‑Interventional Ethics Committee 
was obtained for the study on February 13, 2020, with the number 611, 
and the Provincial Health Directorate Chief Physician Approval 112 
on April 22, 2020, with the number of 42056799‑619 and with decision 
number of 2020/19.

Funding
None.

References

1.	 Cummins  RO, Ornato  JP, Thies  WH, Pepe  PE. Improving 
survival from sudden cardiac arrest: The “chain of survival” 
concept. A statement for health professionals from the Advanced 
Cardiac Life Support Subcommittee and the Emergency Cardiac 
Care Committee, American Heart Association. Circulation 
1991;83:1832-47.

2.	 Hazinski MF, Idris AH, Kerber RE, Epstein A, Atkins D, Tang W, 
et al. Lay rescuer automated external defibrillator (“public access 
defibrillation”) programs: Lessons learned from an international 
multicenter trial: Advisory statement from the American Heart 
Association Emergency Cardiovascular Committee; the Council 
on Cardiopulmonary, Perioperative, and Critical Care; and the 
Council on Clinical Cardiology. Circulation 2005;111:3336-40.

3.	 Yow AG, Rajasurya V, Ahmed I, Sharma S. Sudden Cardiac Death. 
StatPearls; 2024. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK507854/. [Last accessed on 2025 Jun 21].

4.	 Oliveira  NC, Oliveira  H, Silva  TL, Boné M, Bonito  J. The role 
of bystander CPR in out-of-hospital cardiac arrest: What the 
evidence tells us. Hellenic J Cardiol 2025;82:86-98.

5.	 Şener A, Pekdemir M, İslam MM, Aksay E, Karahan S, Aksel G, 
et  al. Prospective, multicenter, Turkish out-of-hospital cardiac 
arrest study: TROHCA. Turk J Emerg Med 2024;24:133-44.

6.	 Berdowski J, Berg RA, Tijssen JG, Koster RW. Global incidences 
of out-of-hospital cardiac arrest and survival rates: Systematic 
review of 67 prospective studies. Resuscitation 2010;81:1479-87.

7.	 World Health Organization. Cardiovascular Diseases  (CVDs). 
WHO; 2020. Available from: https://www.who.int/news-room/
fact-sheets/detail/cardiovascular-diseases-(cvds). [Last accessed 
on 2025 Mar 09].

8.	 Çolak HE, Çan G. Use of Spatial Clustering Method in Health 
CBS Applications. National Geographic Information Systems 
Congress; Trabzon, Turkey; 2007.

9.	 Li S, Qin C, Zhang H, Maimaitiming M, Shi J, Feng Y, et al. Survival 
after out-of-hospital cardiac arrest before and after legislation for 
bystander CPR. JAMA Netw Open 2024;7:e247909.

10.	 Tabi M, Perel N, Taha L, Amsalem I, Hitter R, Maller T, et al. Out 
of hospital cardiac arrest – New insights and a call for a worldwide 
registry and guidelines. BMC Emerg Med 2024;24:140.

11.	 Engdahl  J, Holmberg  M, Karlson  BW, Luepker  R, Herlitz  J. 
The epidemiology of out-of-hospital ‘sudden’ cardiac arrest. 
Resuscitation 2002;52:235-45.

12.	 Myat A, Song KJ, Rea T. Out-of-hospital cardiac arrest: Current 
concepts. Lancet 2018;391:970-9.

13.	 Sidebottom DB, Painting R, Deakin CD. Bystander availability, 
CPR uptake, and AED use during out-of-hospital cardiac arrest. 
Resusc Plus 2025;24:100969.

14.	 Weisfeldt  ML, Sitlani  CM, Ornato  JP, Rea  T, Aufderheide  TP, 
Davis D, et  al. Survival after application of automatic external 
defibrillators before arrival of the emergency medical system: 
Evaluation in the resuscitation outcomes consortium population 

https://www.ncbi.nlm.nih.gov/books/NBK507854/
https://www.ncbi.nlm.nih.gov/books/NBK507854/
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)


Tortumlu, et al.: Optimal automated external defibrillator placement

272	 Turkish Journal of Emergency Medicine - Volume 25, Issue 4, October-December 2025

of 21 million. J Am Coll Cardiol 2010;55:1713-20.
15.	 Chan TC, Li H, Lebovic G, Tang SK, Chan JY, Cheng HC, et al. 

Identifying locations for public access defibrillators using 
mathematical optimization. Circulation 2013;127:1801-9.

16.	 Brooks SC, Hsu JH, Tang SK, Jeyakumar R, Chan TC. Determining 
risk for out-of-hospital cardiac arrest by location type in a 
Canadian urban setting to guide future public access defibrillator 
placement. Ann Emerg Med 2013;61:530-8.e2.

17.	 Moon S, Vadeboncoeur TF, Kortuem W, Kisakye M, Karamooz M, 
White B, et al. Analysis of out-of-hospital cardiac arrest location 
and public access defibrillator placement in Metropolitan Phoenix, 
Arizona. Resuscitation 2015;89:43-9.

18.	 Murakami Y, Iwami T, Kitamura T, Nishiyama C, Nishiuchi T, 
Hayashi Y, et al. Outcomes of out-of-hospital cardiac arrest by 
public location in the public-access defibrillation era. J Am Heart 
Assoc 2014;3:e000533.

19.	 Sasaki M, Iwami T, Kitamura T, Nomoto S, Nishiyama C, Sakai T, 
et al. Incidence and outcome of out-of-hospital cardiac arrest with 
public-access defibrillation. A descriptive epidemiological study 
in a large urban community. Circ J 2011;75:2821-6.

20.	 American College of Sports Medicine, American Heart 
Association. American College of Sports Medicine and American 
Heart Association joint position statement: Automated external 
defibrillators in health/fitness facilities. Med Sci Sports Exerc 
2002;34:561-4.

21.	 Jiang  E, Raj  R, Sherrod  C, Nguyen  D, Kennedy  K, Chan  PS. 
Healthcare provider bystander CPR and AED rates for cardiac 
arrest in U.S. nursing homes. Resusc Plus 2025;22:100908.

22.	 Pape M, Rajan S, Hansen SM, Mortensen RN, Riddersholm S, 
Folke  F, et  al. Survival after out-of-hospital cardiac arrest in 

nursing homes – A nationwide study. Resuscitation 2018;125:90-8.
23.	 Ok Ahn  K, McNally  B, Al-Araji  R, Cisneros  C, Chan  PS. Sex 

differences in the association between bystander CPR and survival 
for out-of-hospital cardiac arrest. Resuscitation 2023;182:109603.

24.	 Bardy GH, Lee KL, Mark DB, Poole JE, Toff WD, Tonkin AM, 
et al. Home use of automated external defibrillators for sudden 
cardiac arrest. N Engl J Med 2008;358:1793-804.

25.	 Gold LS, Fahrenbruch CE, Rea TD, Eisenberg MS. The relationship 
between time to arrival of emergency medical services (EMS) and 
survival from out-of-hospital ventricular fibrillation cardiac arrest. 
Resuscitation 2010;81:622-5.

26.	 Olasveengen TM, Semeraro F, Ristagno G, Castren M, Handley A, 
Kuzovlev  A, et  al. European Resuscitation Council guidelines 
2021: Basic life support. Resuscitation 2021;161:98-114.

27.	 Apiratwarakul K, Tiamkao S, Cheung LW, Celebi  I, Suzuki T, 
Ienghong K. Application of automated external defibrillators in 
motorcycle ambulances in Thailand’s emergency medical services. 
Open Access Emerg Med 2022;14:141-6.

28.	 Critchell  M, Mallinson  T, Regan  L. Assessing the ımpact of 
transport modality on prehospital times for victims of motorcycle 
road traffic collisions in the Scottish highlands. Air Med J 
2023;42:358-64.

29.	 Heidet M, Benjamin Leung KH, Bougouin W, Alam R, Frattini B, 
Liang D, et al. Improving EMS response times for out-of-hospital 
cardiac arrest in urban areas using drone-like vertical take-off 
and landing air ambulances: An international, simulation-based 
cohort study. Resuscitation 2023;193:109995.

30.	 Pulver A, Wei R, Mann C. Locating AED enabled medical drones 
to enhance cardiac arrest response times. Prehosp Emerg Care 
2016;20:378-89.


