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Sammanfattning 
När ett hjärtstopp utanför sjukhus (OHCA) inträffar, är tiden av yttersta vikt. För varje 
minut som hjärtstoppet går obehandlat minskar snabbt chansen för överlevnad. Den 
vanligaste behandlingen, som även är den mest kända, är hjärt- och lungräddning. Tack 
vare ny teknik är defibrillatorn inte längre ett verktyg som endast är tillgänglig för 
sjukvårdspersonal utan för alla som vet var de finns.  
 
Syftet med denna uppsats är att delvis visualisera förekomsten av OHCA men även att 
åskådliggöra skillnaderna mellan platser och år. I studien analyseras även, baserat på ett 
antal variabler, var de optimala platserna för Automatiska Externa Defibrillatorer (AED) 
är. Denna del av analysen är benämnd som riskanalys. Analysen genomfördes med hjälp 
av att använda dag- och nattidsbefolkningsdata från Statistiska Centralbyrån (SCB) i 
kombination med hjärtsjuksdomsstatistik från Socialstyrelsens nationella patientsregister 
och även socioekonomiska data från SCB. Dessa data, samt AED data från slutet av 2013 
och OHCA data daterat från 2006 till 2013 användes både till visualiseringen och till 
riskanalysen. För att bestämma de slutgiltiga optimala platserna genom riskanalysen 
användes ett Geografiskt Information System (GIS) verktyg som heter multikriterieanalys 
(MCE). Detta verktyg gör det möjligt att vikta de olika parametrarna mot varandra, vilket 
var väsentligt för det slutgiltiga resultatet.  
 
För att kunna visualisera skillnader, till exempel mellan två år, skapades ett raster som 
bestod av en densitetskillnad mellan de två åren. Denna analysmetod kunde sedan 
visualisera var det finns en majoritet av det ena fallet, till exempel om ett område hade 
fler hjärtstopp ett år jämfört med tidigare år. Enklare kartor användes för att ge en 
översikt, till exempel var OHCA har skett mellan åren 2006 och 2013. 
 
Resultatet tyder på att de rekommenderade platserna för AED då dagtidsbefolkningsdata 
användes hamnade i områden med många arbetsplatser. De optimala platserna för AED 
med nattidsbefolkningsdata var annorlunda utplacerade men hamnade även dem i 
kluster i befolkningstäta områden med mycket bostäder.  
 
En av de större felkällorna i analysen tros vara hjärtsjuksdomsstatistiken. Den metod 
som användes var att extrahera ålder- och könsgrupper från ett patientregister vilket är 
en grov och inexakt approximation av den faktiska hjärtsjuksdomsstatistiken. Hade 
tillgång till data om var befolkning med hjärtsjukdomar faktiskt bor och arbetar funnits, 
kunde resultatet blivit mer pålitligt.  
 
 
Nyckelord: MCE, AED, OHCA, Stockholm, GIS, Hjärtstopp, Defibrillator 
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Abstract 
When an out of hospital cardiac arrest (OHCA) occurs, time is of the utmost importance. 
For every minute that the arrest goes untreated, the chance of survival decreases 
rapidly. The most common treatment, that is also the most known, is Cardiopulmonary 
Resuscitation (CPR). Thanks to new technology, the defibrillator is no longer a tool only 
available to hospital personnel but to anyone who knows where they are located.  
 
The objective of this thesis is partly to visualize OHCA occurrences as well as visualize 
the differences in OHCA occurrences between locations and years. The thesis will 
analyze where the optimal locations of AEDs are based on a number of variables such as 
location and year, which is referred to as risk analysis. The analysis was performed by 
using daytime and nighttime population data from Statistics Sweden (SCB) in 
combination with heart disease statistics from the national patient register of 
Socialstyrelsen as well as socio-economic data from SCB. Along with that data, AED 
locations at the end of 2013 and OHCA data from 2006 up until 2013 was used in 
visualizations and risk analysis. In order to determine the final optimal placement 
through the risk analysis, a Geographical Information System (GIS) tool named Multi-
Criteria Evaluation (MCE) was used. This tool enabled the weighting of the different 
parameters against each other, which was integral for the final result. 
 
In order to visualize differences, e.g. between two years, a raster was created which 
consisted of a density difference between the two years. This analysis method shows the 
spots where there is a majority of either case, e.g. if one area had a larger number of 
OHCA cases one year compared to previous year. Simple plots were included to show an 
overview of the problem e.g. where OHCA occurred between the years 2006 and 2013.  
 
The results implied that the recommended locations of AEDs while using daytime 
population data were located in commercial areas. Recommended AEDs from using the 
nighttime population data was located differently but was located as well as clusters in 
residential areas. 
 
A large source of error in the analysis was the prior heart disease data. The chosen 
method, an assignment of a percentage chance of heart disease per age group, is a 
rough and inexact approximation of the actual heart disease statistics. Had there been 
data about exactly where patients with prior heart disease live and work, the results 
would most likely be even better.  
 
Keywords: MCE, AED, OHCA, Stockholm, GIS, Cardiac Arrest, Defibrillator 
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1. Introduction 
1.1 Background 
From the year 2006 until the end of the year 2013, 7268 OHCA cases have occurred in 
Stockholm County. Every minute OHCA goes untreated, the survival rate decreases 
NHLBI (2011). While most of these cases occur at home, the OHCAs that do happen in 
public can be quickly treated with the aid of publicly available AEDs. Therefore, finding 
the optimal placements for AEDs can reduce the waiting time for treatment of an OHCA. 
 
The Swedish Resuscitation Council (HLR) works to spread the knowledge about cardiac 
arrest and how it can be treated effectively. This includes the creation of guidelines and 
manuals, as well as education and training in the effective use of CPR and AEDs. They 
have also developed recommendations for the purchase and deployment of AEDs in 
society. The guidelines in short are that they are to be placed at locations where an AED 
can be expected every five years. This includes, but is not limited to, major workplaces, 
airports, hotels etc. AEDs should also be clearly marked with a sign, making them easy 
to locate, and placed in a way which maximizes their chance of being used (HLR, 2014). 
 
During the spring of 2013, a bachelor thesis named Visualization and analysis of 
historical cardiac arrest occurrences for improved placement and use of defibrillators 
(Lips, Sjöberg 2013) was written at Royal Institute of Technology. That bachelor thesis 
will be the foundation for this thesis, since the study will be similar in terms of 
methodology. Their study was limited only to nighttime population, but in this study both 
daytime and nighttime population data will be used. The population datasets in this 
study also had more suitable age ranges that better reflected crucial OHCA age intervals. 
In addition to the enhanced and expanded population datasets, one more year of OHCA 
data was made available this time around. 
 
By combining better data and taking the HLR guidelines into account, the optimal 
locations for future AEDs are to be determined. By using already existing AED locations, 
an analysis of whether the existing arsenal of AEDs follow the guidelines or if they are 
less than optimally placed. 
 

1.2 Objectives  
The objective of the thesis is to find the optimal placements for AEDs based on statistics 
about Cardiac Arrests (CA) and the location of groups that have a higher risk of suffering 
CA. 
 
The following research questions are to be answered: 

• Where are the risk groups located during the daytime? 
• Where are the risk groups with prior heart disease located during daytime? 
• Have the hot spots for OHCA changed during the years 2006 and 2013? 
• Is there a difference for each gender when it comes to the location of OHCA? 
• Is there a difference between the locations for OHCA occurrences during the day 

and during the night? 
• Where are the optimal locations for new AEDs in Stockholm County? 
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2. Literature Review 

2.1 Cardiac Arrest 
2.1.1 Definition 
Cardiac Arrest is defined in the Utstein guidelines, which is a standardized guideline for 
reporting OHCA occurrences, as “the cessation of cardiac mechanical activity, confirmed 
by the absence of a detectable pulse, unresponsiveness, and apnea (or agonal, gasping 
respirations)” (Cummins et. al 1991). The cause of the arrest is usually a problem with 
the electrical system within the heart (Mayoclinic, 2012). A CA is fatal if not treated 
promptly, but with the right treatment survival is a possibility. Each minute of arrest 
increases the mortality rate by ten percent (NHLBI, 2011).  

2.1.2 Risk Factors  
Between the years 1967 and 1991 there was an ongoing study of heart disease and CA 
in over 17000 Icelandic men and women. Based on this data as well as a database on 
CAs, an Icelandic team of scientists tried to identify the main causes of OHCAs for men 
and women, respectively. By looking at 181 cases of OHCA, they narrowed down the risk 
factors to the results found in Table 1 (Thorgeirsson et. al 2005). 
 

Table 1: Risk factors for CA 

Male Female 
Smoking Smoking 
High cholesterol High cholesterol 
High blood pressure High blood pressure 
Prior heart disease Prior heart disease 
Age Abnormal Electrocardiogram 

 
HLR also publishes an annual report on CAs in Sweden. In this report they also publish 
probable causes for CA, from which the causes were grouped into several categories. 
These figures are presented in Table 2 (HLR, 2013). 
 

Table 2: Probable causes for 62758 CAs in Sweden between the years 1990 and 2012 

Cause Amount of cases Percentage 
Heart disease 41405 66% 
Lung disease 3808 6% 
Non-medical causes1  5228 8.3% 
Other causes 12317 19.7% 

 
  

                                                           
1 This includes accidents, overdoses, suffocation, suicide, sudden infant death syndrome and drowning 
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2.2 Automatic External Defibrillator 
2.2.1 Definition 
An AED is a compact, lightweight and easy-to-use device that monitors the heart rate 
and if needed, tries to correct an eventual arrhythmia. By connecting the attached 
electrodes to the body, the AED then decides whether a shock is needed or not, 
depending on the type of arrhythmia (NHLBI, 2011). See Figure 1 for an AED. 
 

 
Figure 1: An AED located in the L-building, KTH. Photo taken by the authors 

2.2.2 Deployment 
The effectiveness of AEDs decreases quite rapidly for every passing minute. The survival 
rate of OHCA, as can be seen in Figure 2, drops to below 40% in a matter of minutes. 
The study, from which Figure 2 originates, focused entirely on a condition called 
ventricular fibrillation, which accounts for 40-50% of all OHCAs. This condition also 
accounts for most of the cases in which the victim survived, which should lead to a lower 
probability of overall survival if all causes of OHCA are considered (Valenzuela et. al. 
1997).  
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Figure 2: Effectiveness of AED, with time in minutes on the x-axis (Valenzuela et. al. 1997) 

2.3 Earlier and similar studies 
2.3.1 Visualization and analysis of historical cardiac arrest occurrences for improved 
placement and use of defibrillators 
This bachelor thesis used GIS tools in order to determine the best locations for 
defibrillators in the city of Stockholm. The data consisted of statistics about OHCA, 
nighttime population and the locations of occurred CAs. By using MCE and giving each 
data layer different weights in different scenarios, the best spots for defibrillators were 
determined. After combining the outcomes from the scenarios, a final map was created 
showing where the AEDs should be placed. The conclusion was that most of OHCA 
happen at or near home and that more AEDs should be placed in Södermalm and around 
Karlaplan (Lips and Sjöberg, 2013). 
 

2.3.2 A Poor Association Between Out-of-Hospital Cardiac Arrest Location and Public 
Automated External Defibrillator Placement  
This American study analyzed the occurrences of OHCAs in Howard County, Maryland by 
grouping the locations by usage type, e.g. educational buildings, houses or gyms, and 
making the same grouping of the existing AEDs on register. Thereafter, a statistical 
analysis was performed and the correlation was studied. Between the location types with 
a high number of AEDs and the location types with many OHCAs, the correlation was 
very low, with r-squared values as low as 0.051. One contributing factor to the low 
correlation was that many OHCAs happened in homes, which will remain hard to 
counteract since it is not plausible to have an AED in every home. However, other 
location types with a high frequency of OHCAs such as nursing or assisted living facilities 
had no AEDs, leaving plenty of room for improvement (Levy et. al. 2013). 
 



  

9 
 

2.3.3 Identification of High-Risk Communities for Unattended Out-of-Hospital Cardiac 
Arrests Using GIS 
This paper looked at improving survival rates for OHCA by using a GIS-based approach. 
With the aid of GIS-tools, several high-risk communities were identified using two 
criteria; the CPR participation rate as well as the amount of previous OHCAs as recorded. 
By using this approach combined with Local Moran’s I, a measure of spatial 
autocorrelation, the at-risk areas of OHCAs were successfully identified. The 
methodology used in the study can also be applied elsewhere for finding similar 
communities in other parts of the country (Hugh et al. 2012). 
 

2.3.4 Socio-economic status and out-of-hospital cardiac arrest 
Martin Jonsson, the author of the bachelor thesis, studied the links between socio-
economic status and the incidence of OHCA as well as the 30-day survival rate of OHCA. 
The data used in the study were socio-economic variables, namely level of education and 
median income, on a parish-level in Stockholm as well as a more detailed version of the 
OHCA database. The study was able to show strong links between the socio-economic 
status of a patient and the incidence and survival rate, even more so when controlling 
for the age factor (Jonsson, 2013). 
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3. Study Area and Data Collection 
Lantmäteriet, SCB, Södersjukhuset (SÖS), Sveriges Hjärtstartarregister and 
Socialstyrelsen were the primary sources of data used in the study. Data from 
Lantmäteriet was used as a primary map over Stockholm County. The data from SCB 
was census data about the daytime population in the city of Stockholm. SÖS provided 
statistics about previously occurred OHCAs between the years 2006 and 2013. Sveriges 
Hjärtstartregister provided data about the location of public available AEDs. 
Socialstyrelsens statistical database was used to extract information about in-patient 
care diagnoses between 2006 and 2012 and their relative frequency for different age 
groups and genders.  

3.1 Study Area 
The study area consisted of two different scopes over Stockholm County. For 
visualizations, the whole county was used in order to get an overview of how the 
visualized topics varied over the larger area. In order to display the suggested locations 
of the optimal AEDs, the level of detail of the map was increased.  
 

3.2 Data Collection 

3.2.1 Lantmäteriet data 
Lantmäteriet is the Swedish mapping, cadastral and land registration authority. They are 
responsible for producing much of the publically available mapping data in Sweden. The 
retrieved maps were acquired via a Swedish University of Agricultural Sciences (SLU) 
service and were delivered in the coordinate system RT90 2.5 gon V in vector format.  
 
A General Map (GM) was acquired through the aforementioned service. The GM was 
mainly utilized while visualizing Stockholm County. While displaying the GM, three 
different layers were used: the water layer to better show the boundaries and make it 
easier to understand the map, as well as the region of interest, on either municipal level 
or county level, and surrounding areas, also on either municipal- or county-level. See 
Figure 3 for the GM on the county level. 
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Figure 3: General Map visualizing Stockholm County 

 
A Property Map (PM) was acquired as well from the SLU service. In the visualizations 
where the PM was used, the chosen layers were the following: water, roads, land use 
and buildings. The PM was also used for displaying details on lower levels as well as 
adding a constraint map for the MCE. See Figure 4 for the PM on the inner-city level. 
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Figure 4: Property Map visualizing the inner city of Stockholm 

3.2.2 SCB data 
SCB is the Swedish authority responsible for collection and production of statistics which 
they mainly supply to companies, authorities and researchers.  
 
Data regarding socio-economic status originated from the year 2006. This data contained 
median income as well as population amounts, divided into the different parishes in 
Stockholm County. The data covered males and females aged 20 to 74, which is 
representative of the working population and some of the younger retirees. Since this 
makes up a majority of the population in the parish, it is by extension illustrative of the 
socio-economic level of the parish as a whole. 
 
Daytime population data from the year 2012 was used to represent the population of 
Stockholm County. The census data was delivered in gender and age groups with the 
following age groups: 16-39, 40-44, 45-49, 50-54, 55-59, 60-64 and 65-67. The 
coordinate system SWEREF99 was utilized for the census data and was acquired, in 
vector format, as polygons in 250 by 250 meters and 1000 by 1000 meters grid. 250 by 
250 meters grid was used where the population density was high while the 1000 by 
1000 meters grid was used where the density was lower.   
 
Nighttime population data from the year 2012 was used to represent the population of 
Stockholm County. The census data was delivered in gender and age groups with the 
following age groups: 0-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74 and 75+. 
In other aspects, the nighttime population census data was identical to the daytime 
census data. 
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3.2.3 SÖS data  
SÖS is a hospital located in the inner city of Stockholm and all the OHCA data originated 
from and was produced by the institution of clinical science and education at the 
hospital. 
 
The data collected from SÖS contained statistics about OHCAs occurred in Stockholm 
County during the years between 2006 and 2013 which consisted of 7268 OHCA 
occurrences. The data contained coordinates of the locations of the previously occurred 
OHCAs, given in the coordinate system RT90, age and gender of the victim, etiology and 
some information that was not utilized in the study. The location type, i.e. if the victim 
was at home, on the train or at work, as well as the time of day and year of the 
occurrence for OHCAs were used in the study for visualizations.  
 
If the cause of an OHCA was suicide, drowning, accident/trauma or sudden infant death 
syndrome, the cases were not used in the study after recommendations from David 
Fredman and Martin Jonsson. OHCAs that occurred at clinics or in an ambulance were 
excluded as well since these are locations where the victims had already sought medical 
attention and more public AEDs would not help change the outcome. OHCA occurrences 
outside Stockholm County were removed since the study was limited to the county. If 
coordinates were missing from the dataset, the OHCA was excluded as well. By removing 
these OHCA, the number of OHCA cases was reduced to 6768. See Figures 5 and 6 for 
visualizations of the locations of the OHCAs in Stockholm County on different levels. 

 

 
Figure 5: OHCA occurrences between the years 2006 and 2013, county level 
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Figure 6: OHCA occurrences between the years 2006 and 2013, city center level 

3.2.4 Sveriges Hjärtstartarregister data 
Sveriges Hjärtstartarregister is an initiative developed by HLR and Swedish Civil 
Protection Association (Civilförsvarsförbundet) and it is a national register of publically 
available AEDs. Information about the position and hours of availability of AEDs are 
available to the public via their website. By making the locations of AEDs publically 
available, the aim is to increase awareness of where the closest AEDs are and by 
extension boost the usage of them when an OCHA occurs (Hjärtstartarregistret, 2014). 
 
The data collected from Sveriges Hjärtstartarregister contained coordinates, delivered in 
the coordinate system WGS84, of the locations of currently available AEDs, address and 
at what time the AEDs are accessible. The data consisted of 1341 publicly available AEDs 
at the end of the year 2013. However, AEDs without coordinates, as well as those placed 
on a mobile platform or located outside Stockholm County, were excluded. Due to the 
nature of the mobile group, a fixed position is impossible to claim and subsequently they 
cannot be used in the study. Therefore, a total of 1063 AEDs and their locations were 
utilized in the study. See Figures 7 and 8 for visualizations of the locations of AEDs on 
different levels. 
 



  

15 
 

 

 
Figure 7: AEDs located at the end of the year 2013, county level 
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Figure 8: AEDs located at the end of the year 2013, city center level 

3.2.5 Socialstyrelsen 
In-patient care diagnoses were all stored in National Patient Register of Sweden and 
made available to the public via the statistical database on the Socialstyrelsen website. 
By querying the database for all diagnoses deemed to be covered under the umbrella 
term of heart disease. These selections were discussed with a fifth year medical student, 
Patrick Frey, and were based on whether the heart is the primary organ involved in the 
diagnosis or not. The diagnoses used are presented in Table 3. Data was limited to 
Stockholm County between the years 2006 and 2012 for both male and female patients. 
 

Table 3: Heart disease diagnoses 

ICD-codes Description 
I05-I09 Chronic rheumatic heart disease 
I11 Hypertensive heart disease with heart failure 
I20-I25 Ischemic heart disease 
I30-I52 Other types of heart disease (Cardiomyopathy, inflammations 

etc) 
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4. Methodology 
4.1 Multi Criteria Evaluation 
MCE is an analytical modelling GIS tool. MCE allows raster layers to be weighted 
according to their relative importance. The tool provides a decision-making option, i.e. 
which factors are most important, for geographical problems such as finding the most 
suitable location for a ski resort.  
 
In order to solve the geographical problem, the algorithm involves four stages. The first 
stage is the selection of criteria, i.e. which of data layers that are important to the study. 
In order to perform the subsequent map algebra, the layers have to be raster layers. 
The second stage is the standardization of criterion scores, i.e. to standardize the values 
each raster layer has into a certain range of scores. Some examples of score ranges may 
be from 0 to 255 or from 0 to 1, also known as different scales of linear stretch. The 
third stage is allocation of weights, i.e. give each layer a certain weight according to its 
relevance. The sum of the weights should be 1; e.g. layers 1, 2 and 3 have weights of 
0.5, 0.2 and 0.3 respectively, bringing the total to 1. The last stage is applying the MCE 
algorithm, which is done by multiplying the standardized scores with the weights for 
each data layer and calculating the sum. The most suitable location will be the cell with 
the highest score, assuming that a higher weight was preferable (Heywood et. Al. 2011). 
 
See Figure 9 for an example of the whole progress, which in this case is where the most 
suitable location of a ski resort has to be determined.  
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Figure 9: MCE example of determining the optimal location of a ski resort. 

Made by the authors 

 

4.2 Tools used  
4.2.1 ArcMap 
ArcMap is a powerful and popular computer software specific to different kinds of GIS 
analyses. For all analyses as well as all visualizations in this thesis project, ArcMap and 
its wide variety of tools was used. 

4.2.2 SQL 
Structured Query Language (SQL) is a tool used for managing relational databases. SQL 
can be found as a built-in feature in ArcMap which is used for selecting a subset of 
points, lines or polygons by specific attribute criteria and conditions. An example of an 



  

19 
 

SQL clause can be found in Figure 10. This SQL clause selects all OHCA in 2012, 
identified by its own layer called CA2012, with a male victim that occurred at home. 
 
 

 
Figure 10: SQL example 

 

4.2.3 Map algebra 
Map algebra is a built-in feature found in ArcMap. Map algebra can for example be 
performed when the desire to determine the difference of cell values between raster 
layers is needed. An example can be found in equation 1: 
 

𝑑𝑒𝑛𝑠𝑖𝑡𝑦2012 −
𝑑𝑒𝑛𝑠𝑖𝑡𝑦2011 − 𝑑𝑒𝑛𝑠𝑖𝑡𝑦2006

6         𝑒𝑞. 1 

4.2.4 ModelBuilder 
ModelBuilder creates workflows where the output of one tool is the input of another tool, 
which is useful for automatizing processes that often need to be repeated. The user 
selects which tools will be used and how they connect to each other via a graphical user 
interface. 

4.3 Visualizations 
In order to get some understanding of where OHCAs occur, visualizations can be used as 
an aid. By visualizing several different aspects, such as showing the locations of where 
the occurrences happened during the day or the night, new information will be acquired 
and new approaches to solving the problem can be found.  
 
The selections of specific variables were performed with the aid of SQL. The SÖS data 
was the main basis for visualizing the aspects since it contains information about the 
victims of OHCA.  

4.3.1 Annual OHCA hot spots identifications between the years of 2006 and 2013 
The data received contained OHCA occurrences from the year 2006 until the year of 
2013, therefore a comparison was made in order to see the difference during the years. 
Comparing a year with the years before, e.g. comparing 2008 with 2007 and 2006, may 
indicate if certain areas during the year of interest have suffered from more OHCA 
victims than previous years. Some suburbs may have grown in population during the 
years covered by the study, which could be visible by a difference in OHCA from year to 
year. See Table 4 for an overview of the number of OHCA cases each year, derived from 
the SÖS data. 

 
Table 4: The number of OHCA victims between the years 2006 and 2013 

Year 2006 2007 2008 2009 2010 2011 2012 2013 
OHCA 
victims 

758 740 809 879 905 911 808 958 
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In order to compare the one year with the previous years, SQL queries were performed 
to extract each year from the original data. Since the original data was provided as 
points, the years got converted into raster layers with cell sizes of 3 times 3 kilometers 
by calculating the density of points. By differencing the two raster layers, one with year 
of interest and one with the previous years, the resulting layer displayed the difference 
of OHCA occurrences. If one year was compared to several previous years, the previous 
years were merged as one layer with cell values of an average. That means the merged 
layer of 2006 and 2007 had cell values representing an average of 2006 and 2007.  

4.3.2 Comparison between daytime and nighttime OHCA locations 
Since the main study consists of finding the most suitable locations for AEDs based on 
daytime population, a comparison between the OHCAs occurred during the night and 
day was performed. The data received from SÖS did not contain the time for the 
moment the OHCAs occurred, instead it contained information about other noted 
timestamps. For example, the time when the emergency call center received the call, the 
moment when the emergency center transmitted the alarm and an ambulance received 
it as well as the time when the ambulance arrived at scene. Due to the fact that some of 
the cases did not have data about one or several of the timestamps, the time was 
instead retrieved from the next timestamp in the chain of events, e.g. if there was no 
recorded time for when the call was received at the emergency call center, the time 
when the alarm was transmitted was used instead and so on. However, out of 6768 
recorded OHCA occurrences, 297 did not have any information of any of the timestamps 
and were therefore not included in this visualization. In short, 6471 cases were included. 
 
In order to split up the data into daytime and nighttime OHCA occurrences, the definition 
of these two time intervals were set as 06:00-18:00 for daytime and 18:00-06:00 as 
nighttime.  

4.3.3 Gender-based comparison between OHCA victims at home and in public 
A comparison, for each gender, between OHCA victims at home and in public was 
performed. This was made in order to determine if one gender has more occurrences at 
home in certain areas. The data contained information about 2308 female victims where 
1789 of the cases happened at home and 519 happened in public. For the male victims, 
totaling 4457, the distribution was 2818 at home and 1639 in public. 
 
The data was split into four layers, two for each gender with one consisting of home 
victims and one for out of home victims. By calculating the point density within a 3 by 3 
cell grid of the OHCA for occurrences at home and not at home for each gender, a raster 
layer was created. By differencing the layers with victims at home and the layer with 
victims not at home for each gender, a final layer was created.  

4.3.4 Socio-economic data 
In order to visualize the socio-economic level of the different parishes, the median 
income was selected as a representative value. The median income for each parish is 
presented in Figure 11. Thereafter all the parishes were assigned the OHCAs which had 
happened inside their boundaries, giving a parish-by-parish count of OHCA. This total 
OHCA figure was then divided by the parish population and multiplied by 1000, to show 
OHCAs per 1000 inhabitants.  
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Figure 11: The median income on parish level 

4.3.5 AED coverage area  
According to recommendations from HLR, during an occurrence of an OHCA the AED 
should be located inside a range that makes it possible to start the defibrillating within 5 
minutes (HLR, 2014). Therefore, visualizing the coverage area of the currently publicly 
available AEDs can make it possible to know where new AEDs should be placed. By 
having a larger area covered, the accessibility of the AEDs would increase. Thereafter, 
buffers of 100, 200 and 300 meters were created in order to get a better understanding 
of how the coverage rate increases with the radius. Finally, excluding the OHCAs that fall 
inside the 200m radius, a final map of the points outside the coverage area was 
produced in order to show the need for AED expansion. 
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4.4 Risk analysis 
An MCE was performed in order to determine the spots by giving raster layers weights 
according to collected statistics. Statistics from Socialstyrelsen was utilized in order to 
determine which age groups suffer from prior heart disease while statistics from SÖS 
provided which age groups have been affected from OHCA previously. A tool provided by 
ArcMap, ModelBuilder, performed the analysis for determining the optimal placements.  
 
The cells with the highest suitability scores were the chosen spots. These chosen 
locations can perhaps be used as recommended locations for future added AEDs.   

4.4.1 Data preparation 
The data from SCB was delivered as vector layers with polygons containing information 
about the population located within, one layer for the daytime population and the other 
for the nighttime. Since MCE can only be performed on raster layers, the vector layer 
was converted into several raster layers, one for each age and gender group. The sizes 
of the cells were set to 50 by 50 meters in order to obtain a fine result, which was 
performed on both layers. 

4.4.1.1 Age distribution 
As it has been established in the Icelandic study, the risk of getting an OHCA increases 
as the male victim gets older. Therefore, age groups for both genders were taken into 
consideration in order to create another weight factor. Because the SCB data was 
delivered in two different age group intervals for daytime and nighttime, two separate 
tables were created for each time of the day. By extracting the genders and age groups 
from the data used in the comparison between nighttime and daytime OHCA 
occurrences, Tables 5 and 6 were created. See Appendix C for the original tables. 

 
Table 5: Nighttime statistics for both genders and age groups 

Age groups 0-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75+ 
Female 5% 2% 4% 4% 6% 10% 10% 9% 50% 
Male 6% 2% 4% 6% 8% 13% 13% 13% 35% 

 
 

Table 6: Daytime statistics for both genders and age groups 

Age groups 16-39 40-44 45-49 50-54 55-59 60-64 65-67 
Male 13% 5% 9% 12% 16% 26% 19% 
Female 12% 6% 9% 12% 21% 25% 15% 

 
Four raster layers, i.e. female age groups for nighttime, were created by using the 
weights produced in the tables viewed above. Standardization was performed by using 
map algebra and assigning the layers with the value range of 0 to 255.  In order to 
generate the two final layers, one for nighttime and one for daytime, the gender 
distribution had to be taken into account.  Therefore, while creating the daytime layer, 
the layers which consisted of male age groups were assigned a weight of 70% and 
female 30%. The nighttime layer was assigned with a weight of 66% for male and 34% 
for female. See Figure 12 for an example of how the weighted raster layer looks like 
while using statistics for female age groups from Table 5. 
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Figure 12: Suitability score map for female victims. Higher values indicate a more suitable location 

4.4.1.2 Prior heart disease 
As it has already been established, prior heart disease is the number one factor causing 
OHCAs. Since there are a plethora of ethical restrictions involved in accessing an actual 
patient database, especially since this is not a medical study, another method to quantify 
the risk of an inhabitant having a prior heart condition was devised. 
 
For each gender and age group in the Socialstyrelsen dataset of patients per 100 000 
inhabitants, a year-by-year total of patients with any of the previously mentioned 
conditions within the heart disease definition is formed. These yearly sums are then 
averaged to compensate for any fluctuations in the dataset. This process is then 
repeated to cover all age groups for males and females.  
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In order to utilize these percentages as weights in the MCE, they were linearly 
normalized so that the sum of the percentages for each gender amounts to 100%. The 
formula for this approximate method can be found in equation 2: 
 

𝑎𝑚𝑜𝑢𝑛𝑡 𝑔𝑒𝑛𝑑𝑒𝑟𝐴𝑔𝑒𝐺𝑟𝑜𝑢𝑝
𝑡𝑜𝑡𝑎𝑙 𝐺𝑒𝑛𝑑𝑒𝑟

        𝑒𝑞. 2 

 
By applying the standardization formula on the prior heart disease data using the 
daytime age grouping, the final weighting percentages are listed in Table 7. The same 
calculations were also performed for the age groups for nighttime and the corresponding 
table can be found in Table 8. The original tables can be found in Appendix C. 
 
 

Table 7: Standardized statistics for using the same age groups as the daytime population data 
 

15-39 40-44 45-49 50-54 55-59 60-64 65-69 
Male 6% 3% 6% 11% 17% 24% 33% 
Female 6% 3% 5% 9% 14% 24% 39% 

 
 

Table 8: Standardized statistics for using the same age groups as the nighttime population data 
 

0-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75+ 
Male 1% 1% 1% 2% 4% 6% 7% 11% 67% 
Female 1% 1% 1% 1% 2% 4% 6% 9% 75% 
 
Four raster layers, i.e. prior heart disease for female for nighttime, were created by 
using the weights produced in the table viewed above. Standardization was performed 
by using map algebra and assigning the layers with the value range of 0 to 255. In order 
to generate two the final layers, one for daytime and one for nighttime, the gender 
distribution had to be taken into account. Therefore, nighttime layer was assigned with a 
weight of 62% for male and 38% for female prior heart disease patients. The daytime 
layer was assigned weights of 69% for male and 31% for female.  
 

4.4.1.3 Restriction map 
According to the previously mentioned HLR guidelines for placements of OHCA, the AEDs 
are to be placed as accessible and visible as possible. While it is recommended that they 
are placed outside in cabinets where they are accessible to the public (HLR, 2014), they 
are always located in or at buildings. For this reason, the possible locations in the 
analysis are restricted to only buildings. This is done by using the building-layers in the 
PM as a restriction map by setting the selected layers to the value 1 and all other layers 
to 0. This restriction map was then finally converted into a raster layer with a 50 by 50 
grid size. When the final map algebra was done, multiplying with this layer enforced the 
restriction. This final restriction map can be seen in Figure 13. 
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Figure 13: Restriction map for buildings in Stockholm County 
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4.4.1.4 Socio- economics 
After having discussed the results and methods from his study with the Martin Jonsson, 
author of the socio-economic study, it was agreed that socio-economic data does not 
integrate well with the daytime population analysis. This is because it is not possible, 
with the available data, to check where a person having an OHCA in the middle of 
Stockholm resides. However, it was still of interest to study what effect socio-economic 
standing has on the placements of OHCA. To accommodate this interest, the nighttime 
population was deemed suitable since both it and the socio-economic data available was 
based on where people live. From the visualization of OHCA incidence per 1000 
inhabitants on a parish level, the average incidence rate was calculated for each of the 
four income groups. These averages were then linearly stretched so that the sum of the 
weights would be one. The results of these calculations are presented in Table 9. 

Table 9: Average OHCA incidence rate 

Median income (SEK)  Average Weights 
<140000 0.32 0.32 
140-159000 0.25 0.26 
160-179000 0.24 0.24 
>180000 0.17 0.18 

 

4.4.2 Determining the optimal locations 
In order to determine the optimal locations for AEDs, i.e. determine which cells have the 
highest suitability score, the built-in tool ModelBuilder was utilized. Figure 14 is the 
utilized model for this study. The algorithm identifies which pixels have the highest value 
in the suitability map and proceeds to isolate it by removing all other values. Thereafter 
it stores that pixel in a separate layer which will be used to plot the final 
recommendations. At the same time, it creates a layer with values corresponding to the 
distance from the pixels, up to 200m. This 200m buffer represents the coverage area. 
Thereafter these values are inverted, so that higher values correspond to a shorter 
distance from the highlighted pixels. Finally, it removes the selected pixels and the 
distance buffer from the suitability map in order to prevent the algorithm from 
suggesting the same place again. The final suitability map is then used as the input 
value for the next iteration. ModelBuilder was set to run 20 times for each scenario. 
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Figure 14: The flowchart of the algorithm in ModelBuilder 
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4.4.2.1 Daytime analysis 
Two scenarios were performed by using the ModelBuilder while using the daytime 
population data. The data used were the prior heart diseased statistics and the age 
groups for both genders. These two data sets were weighted differently in the two 
scenarios.  
 
The first scenario assigned a weight of 50% to the prior heart disease layer and 50% to 
the age layer, i.e. the layers were assigned the same weight. This was based on the fact 
that it is uncertain which of the two parameters is most indicative of OHCA and therefore 
they were treated equally. In the second scenario the prior heart disease layer received 
a weight of 66% and the age layer 34%. These weights were chosen based on the 
report found in Section 2.3, see Table 2. These scenarios are mentioned in the results as 
Scenario I and Scenario II. 

4.4.2.2 Nighttime analysis 
Three scenarios were performed by using the ModelBuilder while using the nighttime 
population data. The data used were the prior heart diseased statistics, the age groups 
for both genders and the socio-economics data. These three data sets were weighted in 
different way resulting in three scenarios. 
 
The first scenario was assigned with a weight of 45% to the prior heart disease layer, 
45% to the age layer and 10% to the socio-economics layer. This distribution was 
chosen based on the uncertainty in the impact that the socio-economic data should have, 
as well as a desire to keep age and prior heart disease weighted equally. This would, at 
least to some degree, give comparability between this scenario and the first scenario in 
the daytime population. The second scenario had a weight of 66% to prior heart disease 
and 34% age distribution. Socio-economics were excluded for this scenario in order to 
have a similar scenario with same weights as the second daytime scenario. The third 
scenario was assigned with the same weight for each layer, i.e. 33% prior heart disease 
except for the socio-economic layer which received a weight of 34 % etc. The reason for 
this chosen assignment was based on the fact that it is uncertain which of the three 
parameters is most indicative of OHCA and therefore they were treated equally. In the 
results, the scenarios are named Scenario III, Scenario IV and Scenario V. 
 

4.4.2.3 Combined analysis 
In addition to the strictly nighttime and daytime based scenarios I through V, a sixth 
scenario was also created in order to analyze whether the existing AED locations are 
optimally placed and follow the HLR guidelines mentioned in 1.1. To enable this analysis, 
the scenario consisted of three different parts. Daytime and nighttime populations were 
given a combined weight of 34%, with daytime population making up half and nighttime 
population making up the other half of those 34%.  

Furthermore, OHCA density from the year 2006 for both male and female victims was 
incorporated at a 16% weighting. The remaining 50% was given to the prior heart 
disease statistics. Since the prior heart disease statistics and the OHCA density both 
represent variants of previous heart disease, these combine for a majority of the risk 
factors. The population layer is also important since a higher number of people by 
extension lead to a greater risk of occurrence at those locations. 
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5. Results and Discussion 

5.1 Results 

5.1.1 Annual OHCA hot spots identifications between the years of 2006 and 2013 
The result is a raster where a high value, dark on the map, means there are more 
occurrences of OHCA in that particular area. The density for the year 2012 can be seen 
in Figures 15 and 16 while the density for the year 2013 can be viewed in Figures 17 and 
18. The maps for the other years can be found in Appendix A. 
 

 

 
Figure 15: OHCA density the year 2012  
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Figure 16: OHCA density the year 2012, zoomed in version 
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Figure 17: OHCA density the year 2013  
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Figure 18: OHCA density the year 2013, zoomed in version 
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While comparing the density pattern for the both annual maps, the places where the 
numbers of cases have are of a larger amount can be visible. The darker shade of purple 
can be seen on each annual map and is often located in certain areas. Södertälje, 
Nynäshamn, Arlanda airport/Märsta and the northern parts of the inner city of Stockholm 
keep having a larger amount of cases most years. This may indicate that these areas 
have received an increased number of inhabitants or that more people visit the location, 
particular Arlanda airport. The interval of the density difference does not change much 
during years which indicates that the numbers of OHCA cases have not changed rapidly.  

5.1.2 Comparison between daytime and nighttime OHCA locations 
The final results were two raster layers where a high value, dark on the map, means 
more OHCA occurrences. The final result for daytime OHCA occurrences can be found in 
Figures 19 and 20, while the maps of the nighttime occurrences in Figures 21 and 22. 
 

 
Figure 19: OHCA density for daytime occurrences 
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Figure 20: OHCA density for daytime occurrences, zoomed in version 
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Figure 21: OHCA density for nighttime occurences 
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Figure 22: OHCA density for nighttime occurrences, zoomed in version 

The darker shades can mainly be seen in the inner city of Stockholm, which indicates 
that more OHCA occurrences happen during the day in the city as seen in Figure 19 and 
even better in the zoomed in version in Figure 20. People are more active during the day 
due to work and school, with the location of those mainly in the city. As Figures 21 and 
22 show, the locations of OHCA occurrences during the night do not seem to differ that 
much compared to daytime but seem to have a smaller cluster of high density. 
Discussion about the definition of daytime and nighttime can be found under Section 
5.2.2. 
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5.1.3 Gender-based comparison between OHCA victims at home and in public 
The result is a raster where a high value, dark on the map, means there are more OHCA 
victims represented in that particular area. See Figures 23 and 24 for the final results for 
female victims in public and Figures 25 and 26 for female victims at home. See Appendix 
A for the final results for male occurrences at home and in public. 
 

 

 

Figure 23: OHCA density for female victims in public 
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Figure 24: OHCA density for female victims in public, zoomed in version 
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Figure 25: OHCA density for female victims at home 
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Figure 26: OHCA density for female victims at home, zoomed in version 

 
While comparing Figure 23 and 25, an indication of a higher density of female victims at 
home seem to appear. OHCAs with female victims more often occur at home in the inner 
city of Stockholm and few areas have a larger number of victims in public. These inner-
city differences are more visible in Figures 24 and 26. One of these inner-city areas with 
a higher public OHCA occurrence is near Östermalm and another near Haninge. Second 
to this, there is a large light area around Arlanda Airport in the north of the county. This 
is due to the fact that there are basically no nighttime occurrences in the airport, since 
few people live in the area. Many of the dark areas in both maps coincide with the 
population centers in Stockholm County.  
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5.1.4 Socio-economic data 

 
Figure 27: OHCA per 1000 inhabitants on parish level in the year 2006 

 
A visual comparison of the two, Figures 27 and 11 did not indicate a strong correlation 
between socio-economic status and the risk of OHCA, since the parishes with a high 
incidence of OHCA are spread out across the various levels of socio-economic standing. 
However, a more thorough statistical study would have given a more accurate result in 
the relation between the median income and OHCA risk. 
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The SCB data available was from 2006, but the geographical data of the parishes was 
from 2014. During that time period, some parishes have merged and others have had 
their boundaries re-shaped. This means the parish visualization is not entirely perfect; 
some 2006 parishes could not be properly represented on the map since they no longer 
existed. 

5.1.5 AED coverage area 
 

 
Figure 28: AED locations at the end of 2013 with a 200m buffer zone 
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Figure 29: OHCA occurrences outside the coverage area 

The amount of OHCA occurred within the coverage area in Figure 28 consisted of 620 
cases while 979 cases occurred outside of the area. This indicates there are too few 
AEDs publically available in order to cover the entire area. Figure 29 is a visualization of 
the OHCAs that has occurred outside of coverage area. In order to cover these areas, 
more AEDs should be publicly available.  
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5.1.6 Daytime 

5.1.6.1 Scenario I 
Scenario I was assigned a weight of 50% to the prior heart disease layer and 50% to the 
age layer. The result can be seen in Figure 30 and for an overview of the suitability map 
used in this scenario, see Appendix B. 

 

Figure 30: AED recommendations from Scenario I 

For this scenario 22 locations were recommended for a placement of an AED. Most of 
the locations are clustered in the center of Stockholm, but there are a few outliers. The 
one in the southwestern part of the county is located at the production plant and head 
office of Scania in Södertälje. The other cluster south of Stockholm is located near 
Flemingsberg, which features numerous work places as well as a large university. 

Northwest of the city, there are two suggested locations relatively close to each other in 
the Kista area which is another location with a high number of work places. The final 
outlier, located between Kista and the center of the city, is around the Solna strand area. 
This area features the headquarters of many commercial companies, as well as 
Skatteverket. 
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5.1.6.2 Scenario II 
 

Scenario II was assigned a weight of 66% to the prior heart disease layer and 34% to 
the age layer. The result can be seen in Figure 31 and for an overview of the suitability 
map used in this scenario see Appendix B. 

 

 

Figure 31: AED recommendations from Scenario II 

In scenario II, a total of 21 locations were recommended for a placement of an AED. 
Once again, a substantial amount of the suggested locations end up in the city center. 
These locations are expected since many of the inhabitants in Stockholm commute in to 
the center to work. As already established in the density difference analysis, a large 
portion of OHCAs also occur there during the day which further adds to the suitability of 
the location.  

5.1.6.3 Daytime error sources 
The database containing patient statistics was grouped in a rigorous way that could not 
be altered upon access. Specifically, the age-groupings were fixed to a slightly different 
interval than that of the population data provided to us by SCB. In particular, the lowest 
age bracket started at sixteen for the population data and fifteen for the heart disease 
data. This problem was solved by simply including the fifteen year olds into the 16-39 
groups, which might misrepresent the actual heart disease statistics slightly.  
 
However, the fifteen-sixteen year old demographic is not the one hit hardest by heart 
disease, especially not compared to the 65-67 year olds. The upper limit of the 
population data was at 67 years but the heart disease data spanned 65-69 years.  
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To overcome this problem, the decision was made to include statistics all the way up to 
69 years for the 65-67 age groups. Since the incidence of heart disease increases with 
age, the two extra years should distort the risk upwards at a greater rate than the 
adjustment of the lower age bracket. 

5.1.7 Nighttime  

5.1.7.1 Scenario III 
Scenario III was assigned a weight of 45% to the prior heart disease layer, 45% to the 
age layer and 10% to the socio-economic layer. The result can be seen in Figure 32 and 
for an overview of the suitability map used in this scenario see Appendix B. 

 

Figure 32: AED recommendations from Scenario III 

Scenario III, the first of the nighttime-based scenarios, produced a total of 23 
recommended locations. The locations have spread out rather well, but a cluster has 
formed on Södermalm. There are also outliers in Fisksätra in the east, a densely 
populated residential area, as well as Nockeby and Skärholmen in the west. Skärholmen, 
in the south west, is also densely populated which probably explains its inclusion. The 
first effect of the 75+ population group is visible just to the north, in Nockeby. There is a 
large retirement home complex which would have been rated highly in both the age and 
heart disease categories and thus qualifies as a highly suitable location. 
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5.1.7.2 Scenario IV 
Scenario IV was assigned a weight of 66% to the prior heart disease layer and 34% to 
the age layer. The result can be seen in Figure 33 and for an overview of the suitability 
map used in this scenario see Appendix B. 

 

Figure 33: AED recommendations from Scenario IV 

Scenario IV also produced 23 suggested locations for AED placements. A majority of the 
locations are in the most populated areas in the center of Stockholm or in locations 
previously discussed, but a new cluster of locations has appeared in the north part of the 
map. These locations are all in various places in Täby, which is one of the municipalities 
with the highest socio-economic status. One possibility is that the exclusion of socio-
economic standing in this scenario contributed towards their inclusion. 

5.1.7.3 Scenario V 
Scenario V was assigned a weight of 33% to the prior heart disease layer, 33% to the 
age layer and 34% to the socio-economic layer. The result can be seen in Figure 34 and 
for an overview of the suitability map used in this scenario see Appendix B. 
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Figure 34: AED recommendations from Scenario V 

The suggested locations of AED placement in scenario V amounted to a grand total of 23 
spots. A vast majority of the suggested locations are on Södermalm. There are also a 
smaller amount on Norrmalm and Kungsholmen, which is a pattern recognizable in both 
of the two previous nighttime scenarios. 

5.1.7.4 Nighttime error sources 
The socio-economic data, which was used in two of the three nighttime scenarios, dates 
from 2006 and therefore is not representative of the current socio-economic conditions 
in the county. It is reasonable to assume that they are somewhat indicative, but if a 
parish moved from one category to another that in turn impacts the weighting and 
skews accuracy of the result. It was also hard to quantify the impact of socio-economics, 
since there was little previous research regarding how much of an impact the socio-
economic level has compared to other factors. 
 
Furthermore, the age groups for the nighttime population are open-ended upwards, 
which means that it covers a lot of people with various rates of heart disease. Perhaps 
an even finer division of the elderly population would have increased the overall 
accuracy since the risks for someone who is 85 years old differs from that of someone 
who is 75 years old. 
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5.1.8 Final merged scenario map 

 

Figure 35: Recommended locations from scenario I and II 

In Figure 35, it appears as if Scenario II has produced very few suggested locations. 
What the figure actually shows is how well the result from the two scenarios overlap 
each other. The only location that substantially differs is the one at the southern part of 
Kungsholmen. Since the weights between the two scenarios are somewhat similar, the 
results did not change very much. With more aggressive weighting in favor of either 
criterion, different results would have been produced. 
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Figure 36: Recommended locations from scenarios III, IV and V 

Figure 36 does not differ much from the previous ones, with many of the points 
overlapping each other. By comparing Figures 32 and 34, it is apparent that there is only 
one of 23 suggestions that actually change between the two scenarios. However, in the 
scenario that excluded socio-economic data, there was a cluster of pixels in a relatively 
high-income area. 
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Figure 37: AED recommendations from scenarios I to V 

As can be seen Figure 37, the impact that the two different population types have on the 
analysis is clear and visible. The black, nighttime, spots are almost exclusively located in 
areas of high residence. In contrast to that, the daytime locations are concentrated to 
the busiest commercial districts in Stockholm, in the city center. The outliers in 
Södertälje, Flemingsberg and Kista are also only present in the daytime analysis due to 
the influx of workers and students that occur during the day. 
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5.1.9 Scenario VI 
 

 

Figure 38: Scenario VI suitability map with AED coverage areas overlaid 

With this very broadly defined scenario, the aim was both to look at whether existing 
AEDs are optimally located and to find those that are not. As can be seen in Figure 38, a 
vast majority of all AEDs cover at least part of medium, high or very high areas. This 
means that they are optimally placed in areas where OHCAs can be expected and indeed 
did occur in 2012. Both the Royal Institute of Technology and Stockholm University have 
a large amount of AEDs, despite the risks being virtually nonexistent.  

However, despite the fact that many existing AEDs are well located, there are still large 
areas of medium, high or very high risk areas that do not fall inside the existing 
coverage area. A larger scale version of Figure 38 can be found in Appendix B. In this 
map the AEDs located in the more rural and therefore less populated areas are clearly 
visible. These locations are not deemed optimal and further AEDs in these locations are 
not in accordance with HLR guidelines.  
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5.1.10 Comparison between suitability maps and existing AEDs 
As has already been established, the suggested results from the various scenarios are 
relatively similar in locations. This is because the suitability maps are also quite similar, 
at least those that share the same population dataset. However, no recommendation of 
new locations can be performed without first analyzing the suitability maps with an 
overlay consisting of the existing AED coverage areas. This analysis will show where the 
coverage area is incomplete and what if any risk level those areas have. 

 

Figure 39: Daytime suitability map with AED coverage areas overlaid 

Figure 39 shows that most of the very high-risk areas in the city center are already 
covered by the existing AEDs, but there are a few gaps in the coverage and these areas 
are top priority for new placements. In the region near Stadshuset and the central 
station there is a considerable gap in coverage despite the areas being of the high and 
very high type.  In addition to these locations, the Marieberg area on the south part of 
Kungsholmen is also a very high risk area where there is no AED coverage at all. Another 
area with no AED coverage is the eastern part of Värtahamnen. Finally, there are high 
risk and very high risk areas near Medborgarplatsen on Södermalm and Karlaplan on 
Östermalm with incomplete coverage areas, making them optimal candidates for further 
expansion. A larger version of the overlay map in Figure 39 can be found in appendix B, 
but since the daytime population and risks are so concentrated in and around the city 
center, few additional suggestions if any can be extracted from that map. 
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Figure 40: Nighttime suitability map with AED coverage areas overlaid 

For the nighttime scenarios, shown in Figure 40, there is a considerably larger amount of 
high risk and very high risk areas that have no AED coverage. The largest very high risk 
area is the western parts of Vasastan, near Torsgatan and Sankt Eriksgatan. These areas 
are mainly residential and therefore were not as visible in the daytime analysis in Figure 
39. Other very high risk areas include Gärdet and Karlaplan on Östermalm as well as 
Hornstull and Reimersholme on the western part of Södermalm. There are also gaps in 
the coverage on Södermalm around Södra station and along Hornsgatan, which would 
require at least a few AEDs to fill the gaps. A larger version of Figure 40 can be found in 
Appendix B. 

In general, Figures 38, 39 and 40 suggest that despite AED coverage being rather good 
and even very good in some areas, there is still room for improvement and additional 
AEDs. The suggestions from the five runs of ModelBuilder are merely a small part of the 
additional AEDs needed to improve coverage areas. 
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5.1.11 Final recommendations 

 

Figure 41: Recommended locations for AEDs in Stockholm County 
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Figure 42: Recommended locations for AEDs in the inner city of Stockholm 

As has already been established in Figure 28, the AED coverage area is quite expansive, 
but as always it can get better. After removing all the suggestions from scenarios I to V 
that fall inside the coverage area, the final suggestions for AED placements are found in 
Figures 41 and 42 for Stockholm County and the city center respectively. 

Some of the inner-city suggestions have just barely managed to find spots between the 
coverage areas. They should perhaps be seen more as indicators that the coverage area 
in the inner city is not total, rather than actual location recommendations. 

It is also possible that two of the locations, the retirement home in Nockeby and the 
Scania plant in Södertälje are locations which should provide their own AEDs. However 
for locations such as Kista and Flemingsberg, where there is no one single nucleus, but 
instead a variety of locations that would all benefit from additional AED coverage. 

There are several locations mentioned in the previous results that the ModelBuilder did 
not suggest in the allotted 20 runs. That means that the locations in Figures 41 and 42 
are by no means the only AEDs needed, but at least some of the locations with the most 
urgent need of additional AED coverage. 
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5.2 General error sources 
The method used in order to determine the time when an OHCA occurred may cause 
incorrect timestamp in some of the cases. Mixing the retrieval of timestamps, which was 
made to ensure at least a rough estimate of the time, causes an uncertainty since the 
timestamps differ with some minutes. 
 
The definition of daytime and nighttime was defined in this study; e.g. daytime was set 
as 06:00-18:00. Therefore, the true definition of daytime for the city of Stockholm may 
differ a bit. There was a risk for overlap where OHCAs would be counted in both 
categories, but that risk was minute and therefore was not taken into consideration. 
However, a difference of an hour or so should not affect the ratio that much.  
 
For some of the AEDs, the coordinates appeared to be incorrectly entered or in a 
coordinate system that was unable to be identified. They were allegedly in WGS84, but 
despite trying all configurations of WGS84 in ArcMap, some points remained in the 
water. This is an obvious error and it could distort the reliability of the analysis 
somewhat, since it may cover both sides of a narrow sound when in reality the AED is 
only accessible on one side of said sound. 
 
While comparing the received AED data with hjärtstartarregistret.se, some AEDs located 
on the website were not delivered in the data. However, the AED data consisted of AED 
publically available the end of 2013 and new AEDs may have been placed during the 
year 2014 or due to the fact that the owner of an AED may not have reported it to the 
website.     
 
Using the building restriction only locates the AEDs close to a building. However since 
most buildings have limited access, such as certain closing hours, the AEDs may not be 
available throughout the day. Therefore, the analysis could have been performed without 
using the building restriction and suggest locations in open areas as well but in some 
sort of case or small structure.   
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6. Conclusions and Future research 
6.1 Conclusions 
In general, the results appear credible and the differences in locations vary in 
accordance with the expected impact of the population dataset used. With more insight 
as to how the different criterions should be weighed against each other, the overlaps 
could have been avoided. However the overlaps are still useful as they indicate that even 
with two differently weighted scenarios, the locations are important in both and 
therefore should be considered as reliable recommendation. 
 
The visualizations provide a deeper insight into how the problem of OHCAs and how it 
differs from year to year and between the two genders. Combating OHCA is always an 
uphill struggle as many of the arrests happen at home, but the visualizations pitting 
home versus public occurrences for the two genders show that there is a sizable amount 
of OHCAs that can have their outcomes changed to the better with more publically 
available AEDs. 
 
Data of heart disease patients was not accessed during the study, which is a limiting 
factor since the alternative, using statistics from Socialstyrelsen, lacks reliability and 
accuracy. Since the main cause of OHCA is prior heart disease, a more precise way to 
measure and control for heart disease patients will produce a more accurate result. 
Therefore, the result cannot be taken as an absolute truth but rather a good indication 
of where additional AED coverage is needed. 
 
With relatively few AEDs available in society, it is harsh criticism to say that some are 
incorrectly placed and should be moved. However, when considering future placement, 
perhaps a stricter adherence to the guidelines from HLR would lead to a better and 
larger coverage area. 

6.2 Future research 
Potential future research could include further insight about AEDs and how the 
distribution changes during the years. The data received did not contain information 
about the year the AEDs got deployed which limited further studies about AEDs. 
However, David Fredman and his colleagues at SÖS mentioned that future 
improvements will be done for the AED data and the year of deployed will hopefully be 
included. Another future improvement for the AED data is to add information if an AED 
has been used. This would make it possible to study at which locations the AEDs are 
mostly utilized and what these locations have income. 
 
The received OHCA data included where the OHCA occurred, but not where the victim 
resides. In order to do a more thorough socio-economic analysis, data about which 
parish or subdivision-level the victim resides would be useful. This would improve the 
analysis since it would point at which parish has the most OHCA patients rather than 
which parish has the most OHCA occurrences. 
 
Finally, this study has tried to merge the world of GIS analysis with the complex world 
that is medical science. With a better understanding of the medical causes involved in an 
OHCA, as well as access to more and better data, a more thorough medicinal study in 
this field can realistically expect to save at least some lives in the future. 
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Appendix A – Density visualizations 
Figure A.1 

 

 
Figure A.2 
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Figure A.3 
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Figure A.4 
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Figure A.5 
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Figure A.6 
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Figure A.7 
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Figure A.8 
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Appendix B – Risk analysis 
 

Figure B.1 
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Figure B.2 
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Figure B.3 
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Figure B.4 
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Figure B.5 
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Figure B.6 
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Figure B.7 
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Figure B.8 

 

Figure B.9 

 

Appendix C – Risk group statistics 
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Table C.1 – daytime age groups 

Age groups 16-39 40-44 45-49 50-54 55-59 60-64 65-67 Sum 
Male 121 53 86 111 158 244 180 953 
Percentage 13% 5% 9% 12% 16% 26% 19%  
Female 51 23 35 48 86 103 63 409 
Percentage  12% 6% 9% 12% 21% 25% 15%  
 

 

Table C.2 – nighttime age groups 

Age 
groups 

0-39 40-
44 

45-
49 

50-
54 

55-
59 

60-
64 

65-
69 

70-
74 

75+ Sum 

Female 31 13 23 29 35 61 64 56 318 630 
Percentage 5% 2% 4% 4% 6% 10% 10% 9% 50%  
Male 76 28 45 76 99 156 165 165 435 1245 
Percentage 6% 2% 4% 6% 8% 13% 13% 13% 35%  
 

 

Table C.3 – daytime prior heart disease patients per 100 000 inhabitants 

 
 

 

Table C.4 – nighttime prior heart disease patients per 100 000 inhabitants 

Age 
groups 

0-39 40-
44 

45-
49 

50-
54 

55-59 60-64 65-69 70-74 75+ 

Male 541.87 255.79 487.72 901.52 1 
412.06 

2 
083.19 

2 
832.90 

4 
097.34 

25 975.25 

Female 275.01 107.99 184.90 330.74 520.33 855.70 1 
408.81 

2 
200.30 

17 392.42 

 

Age groups 15-39 40-44 45-49 50-54 55-59 60-64 65-69 
Male 496.92 255.79 487.72 901.52 1 412.06 2 083.19 2 832.90 
Female 230.82 107.99 184.90 330.74 520.33 855.70 1 408.81 
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