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Abstract. - OBJECTIVE: In ltaly, only around
10% of people who experience out-of-hospi-
tal cardiac arrest (OHCA) survive. A large por-
tion of OHCA events in public settings are char-
acterized by an initial shockable rhythm, which
requires prompt defibrillation. We aimed to cre-
ate a system to quickly locate nearby public ac-
cess automated external defibrillators (AEDs) on
the campus of Sapienza University of Rome, the
largest public university in Europe.

MATERIALS AND METHODS: We developed
the AED webMap through a 6-step process in-
volving the: 1) collection of information and geo-
graphical coordinates for each AED from the
university management system; 2) development
of a new geolocation database; 3) integration of
information contained in the new database with
data provided by university departments; 4) geo-
location of AEDs in the Google MyMaps environ-
ment; 5) graphic representation of all AEDs on
digital map templates using specific symbols,
with pop-ups containing additional information
for each AED; and 6) publication of the webMap
on the university website.

RESULTS: The AED webMap was published
on the university website (https:/www.uniro-
mal.it/it/pagina/defibrillatori-sapienza-in-rete)
and facilitates prompt identification of nearby
AEDs by providing: 1) detailed AED geolocaliza-
tion with interactive pop-up information for each
AED, including whether the AED is located inter-
nally or externally; 2) the option to use different
base maps (e.g., digital street map); 3) calcula-
tion and display of the route to reach the chosen
AED; and 4) the possibility to migrate towards
multiple platforms.

CONCLUSIONS: The webMap can help by-
standers quickly identify, locate, and reach

nearby AEDs present on the campus of the larg-
est public university in Europe, a measure that
could help speed defibrillation and maximize
the life-saving potential of AEDs in the event of
OHCA.
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Introduction

Sudden cardiac arrest is a major burden of dis-
ease in Western Europe and the United States,
where it accounts for 10-20% of all natural
deaths'?. In Italy, sudden cardiac arrest results
in approximately 20,000 deaths yearly and is the
leading cause of mortality in males aged 20-60
years®. Sudden cardiac arrest is preceded by a sud-
den loss of consciousness that occurs within one
hour of symptom onset in people with or without
known heart disease®. One significant challenge is
that sudden cardiac arrest occurs most often in the
community, where it is referred to as out-of-hos-
pital cardiac arrest (OHCA)'. Only approximately
10% of patients who experience OHCA in Italy
survive’. Prompt bystander cardiopulmonary re-
suscitation (CPR) and defibrillation are the most
promising early intervention strategies to increase
OHCA survival rates®’. However, a recent Italian
study® found that bystander CPR was performed
in only 26% of OHCA events, while bystander de-
fibrillation was performed in a mere 3%.
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Defibrillation is known to improve outcomes in
OHCA characterized by shockable rhythms such
as pulseless ventricular tachycardia or ventricular
fibrillation, with the latter being the most com-
mon dysrhythmia in OHCA®. One study’ found
that nearly 60% of OHCA collapses that happen
in a public place are characterized by a shockable
rhythm. In the presence of a shockable rhythm,
CPR can provide perfusion and oxygenation to
the tissues until defibrillation is able to be per-
formed, but defibrillation is necessary to restore a
viable cardiac rhythm and prevent brain damage’.
With prompt defibrillation, OHCA survival rates
can increase to approximately 40%!'°. Defibrilla-
tion can be performed in the community setting
using public-access automated external defibrilla-
tors (AEDs). AEDs are able to analyze a patient’s
electrical rhythm and deliver a pre-programmed
shock if a shockable rhythm is detected!!. Ttal-
ian law currently provides for the installation
of AEDs in public places and allows bystanders
without specific training to use an AED in the
event of suspected OHCA and in the absence of
medical professionals!>. However, research has
shown that existing AEDs are underutilized in the
event of OHCA, with a noted barrier to their use
being their frequent location in buildings that are
closed on evenings and weekends'®. In order to
enable early defibrillation, it is necessary to in-
crease prompt population access to community
AEDs!". Defibrillation must be administered with-

in 3-5 minutes in order to have the highest proba-
bility of success'®. The probability of survival de-
creases by approximately 7-10% per minute until
defibrillation is started in the absence of CPR and
by 3-4% per minute if CPR is performed until de-
fibrillation's. The installation of AEDs should thus
be complemented by a system that makes their po-
sition known to the public and allows them to be
reached as quickly as possible at any time of day
in order to maximize their life-saving potential'’.
This study describes the implementation of a
geo-referenced system (webMap) to identify the
nearest available AEDs at Europe’s largest public
university, Sapienza University of Rome. This web-
Map also provides information on whether the AED
was located internally or externally, which could be
useful for OHCA collapses outside of normal office
hours. This paper describes the developmental steps,
presents webMap, discusses its public health impact
within the broader context of measures targeting ear-
ly links in the chain of survival for OHCA, and high-
lights future perspectives for similar applications.

Materials and Methods

Operative Steps

The Sapienza AED webMap was developed
through a six-step process (Figure 1).

The first step involved collecting information
and geographical coordinates for each AED from

Step 1

positioning of the devices

* acquisition of information and geographical coordinates recorded in the University management
system (based on LIFELINK central) for each AED

» development of a new database functional to geolocation, after the revision and audit of the

* integration of information organized in the new database with data provided (on the basis of a
standard scheme) by Faculties, Departments etc.

 geolocation of AEDs in the Google MyMaps environment

each AED through pop-ups

* graphic representation on digital maps through specific symbols and synthesis of the information for |

* publication of the webMap through the University High Supervisory Board account

Figure 1. The six steps involved in developing the Sapienza AED webMap. Authors’ elaboration.
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the university management system (based on
LIFELINK central).

The second step involved the development of
a new geolocation database after confirming the
positioning of the devices. The importance of
an accurate geolocation process in a geographic
information system (GIS) platform, with partic-
ular reference to geocoding, has been evidenced
in medical geography, epidemiology, and public
health studies'®%.

The third step involved the integration of infor-
mation contained in the new database with data
provided (based on a standard scheme) by the
faculties and departments of Sapienza University
of Rome. The Special Office for Prevention, Pro-
tection, and High Vigilance collected comprehen-
sive information from the managers of facilities
that had an AED in order to verify the position of
the AED geolocalized in a planimetry extracted
by the application in progress and to gather oth-
er important information, including whether the
device was internally or externally located, ad-
dress (street, street number, and zip code) of the
entrance closest to the device, instructions on how
to most quickly reach the device through this en-
trance, times of public accessibility through this
entrance, existence of a janitor’s room or another
support point near the AED and the times at which
it was accessible, and any telephone number that
could be called to speed up AED retrieval. If the
presence of additional AEDs was identified, the
database was updated accordingly.

The fourth step involved the geolocation of
AEDs in the Google MyMaps environment, a
user-friendly environment similar to that of well-
known geobrowsers such as Google Maps and
Google Earth.

The fifth step involved the graphic represen-
tation of all AEDs on digital maps using specif-
ic symbols. These AEDs could then be clicked
to display a pop-up with additional information
for each AED. Successive levels of zoom made
it possible to identify in detail the various AEDs
through progressive geographical scale changes.

The sixth step involved the publication of the
webMap on the university high supervisory board
account.

Results
The webMap as an Output

A webpage on the Sapienza University of
Rome website (https://www.uniromal.it/it/pagina/

defibrillatori-sapienza-in-rete) displays the AED
network. These AEDs are equipped with a voice
guide that indicates the procedure to be performed
in case of an emergency. On this webpage, it is pos-
sible to access the list of AEDs and the webMap,
which provides a view of the geolocated AEDs
(green squares with white hearts) (Figure 2).

By zooming in, AEDs can be geolocalized on a
digital street map template and with reference to
different buildings (Figure 3). The system makes
it possible to use satellite imagery as an alterna-
tive template, and each AED can be selected by
clicking on it. When clicked, an interactive pop-
up shows the information available for that AED
(address, whether it is internally or externally lo-
cated, building access hours, how to access the
AED within the building, and contact number)
(Figure 4).

An Example of Applied Use

The webMap makes it possible to calculate and
display the route to reach a chosen AED. Figure
5 shows an example of a bystander near Piazzale
Aldo Moro 7 who wishes to reach the AED in the
Department of Chemistry and Technologies (Di-
partimento di Chimica e Tecnologie). The exam-
ple uses the location of a bystander outside the
Sapienza campus to highlight the possibility that
someone unfamiliar with the university may also
use the webMap.

By clicking on the chosen AED and then click-
ing on the arrow in the white diamond located in
the red band at the top of the pop-up, it is possi-
ble to calculate and visualize the route to reach
the selected AED (in this example, the AED in
the Department of Chemistry and Technologies).
The user can select the starting point by indicat-
ing an address or selecting “your position” [la tua
posizione]. It is then possible to select the mode
of travel, e.g., on foot. The system shows the route
both on a digital street map template and using
satellite imagery (Figures 6 and 7) and provides
information about the time necessary to reach the
chosen AED (6 minutes) and the distance (500
meters).

Discussion

At less than 10%, the global OHCA survival
rate remains dismally low?. Improved survival
depends in part on correctly implementing ear-
ly links in the so-called “chain of survival”'. In
1991, Cummins et al?® described the chain of sur-
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Figure 2. A webMap view of geolocated AEDs, as identified by the green squares with white hearts. Authors’ elaboration.
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Figure 3. A zoomed-in webMap geolocalized view of AEDs on a digital street map template and with reference to different
buildings. Authors’ elaboration.

9366



Sapienza University of Rome network of automated external defibrillators: a prototype webMap

vival as being characterized by four fundamen-
tal links in the resuscitation procedure of OHCA
patients. The American Heart Association sub-
sequently adopted it and added two more links.
The integration of the following six links can im-
prove survival and recovery rates of cardiac arrest
patients: i) early cardiac arrest recognition and
emergency medical service (EMS) activation; ii)
early CPR; iii) early defibrillation; iv) advanced
resuscitation by EMS and other healthcare pro-
fessionals; v) post-cardiac arrest care; and vi) re-
covery®. However, the most significant potential
for improved survival is through prompt bystand-
er initiation of the first three links of the chain of
survival, including cardiac arrest recognition and
EMS activation, CPR, and defibrillation?®.

Regarding cardiac arrest recognition and EMS
activation, an Australian study found that witness-
es of OHCA struggled to describe the incident and
did not know who to call*'. Education and training
programs have been used to increase communi-
ty awareness of and response to OHCA?3?. After
EMS activation, the EMS dispatch center coordi-
nates OHCA response through resource deploy-
ment. However, even the best EMS systems may
find it challenging to reduce ambulance response
times*. As a result, increased attention has fo-
cused on increasing bystander CPR and defibril-
lation®7-4,
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One study using data from Copenhagen, Oslo,
Stockholm, and Amsterdam found that nearly
60% of OHCA collapses occurring in a public
place were characterized by a shockable rhythm,
a rate that remained stable from 2006-2015°. In
the presence of a shockable rhythm, bystand-
er CPR may double or triple 1-month survival
from OHCA at any interval until defibrillation
is applied®. Bystander CPR also increases the
probability that a defibrillator shock will end the
ventricular fibrillation and the heart will resume a
viable rhythm*. Conventional approaches to in-
crease bystander CPR have included CPR training
courses. CPR training is typically resource-inten-
sive and requires training a sufficient proportion
of the population and a long-term strategy to pro-
duce desirable results’’. However, despite wide-
spread community training initiatives, increasing
bystander CPR rates remains a challenge'?, with
some potential reasons including bystanders’ lack
of confidence in their ability to perform CPR cor-
rectly*® and a reluctance to do mouth-to-mouth
resuscitation®. In response, simplified training
programs have been developed with promising
results. For example, a large campaign in Arizo-
na, USA, that emphasized compression-only CPR
was able to increase bystander CPR and surviv-
al rates*. Another option to improve CPR rates
and survival is through dispatcher-assisted CPR*!.

Figure 4. A zoomed-in webMap view of AEDs using satellite imagery, with the pop-up on the left containing information avail-
able for the specific AED selected (top of the page, circled in white). Authors’ elaboration.
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Figure 5. A webMap visualization of nearby AEDs if a bystander is near Piazzale Aldo Moro 7 (red) and wishes to reach the
AED in the Department of Chemistry and Technologies (light blue square). Authors’ elaboration.

Dispatchers can play a crucial role in the early de-
tection of cardiac arrest and the beginning of by-
stander CPR. However, this strategy requires that
dispatchers be trained to provide clear instruc-
tions over the phone, handle the caller’s emotions,
and ask the necessary questions'. In one Canadi-
an study*?, a program for dispatcher-assisted CPR
was shown to significantly increase the rate of by-
stander CPR by nearly 10 percentage points.
However, CPR is only able to maintain blood
flow to the heart and brain, but in the presence
of a shockable rhythm, defibrillation is neces-
sary to restore a viable rhythm and prevent brain
damage®. If a shockable rhythm is present, expert
consensus recommends performing CPR until an
AED is available'>. Meta-analyses* have shown
that combining CPR with AED use significantly
improves the likelihood of both survival to hospi-
tal admission and hospital discharge as compared
with CPR alone. Increased survival has also been
demonstrated if bystanders deliver a first AED
shock prior to EMS arrival*. However, defibril-
lation with a public access AED is only done pri-
or to EMS arrival in 2-5% of cases®**%, making
defibrillation one of the largest gaps in the chain
of survival. Community-wide initiatives that
combine CPR instruction and AED access for the
general population, such as those in Japan, have
enhanced the likelihood of neurologically intact
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survival*’*, These results suggest that instead of
universally simplifying the quality of basic life
support instruction, the goal should be to reach
more people in the population to create a pyramid
of responders!>.

In order to benefit from this strategy, there
needs to be a way to connect willing lay respond-
ers to nearby AEDs'. Unfortunately, prompt AED
access may be hampered by cost and a lack of
strategic placement. In a study in Copenhagen,
Folke et al* calculated that to cover 67% of car-
diac arrests, 1,104 AEDs would be needed, with a
cost per quality-adjusted life year (QALY) gained
of US $40,900. This cost might be decreased by
using smartphone technologies to connect exist-
ing AEDs with lay responders, though this strat-
egy depends on an updated national public reg-
istry of AEDs!. Some studies®®*! in Denmark
and Sweden have used mobile phone placement
to alert volunteer responders to the location of
AEDs, with the study by Andelius et al*® reporting
a three-fold increased odds of bystander defibril-
lation if responders arrived prior to EMS. In Ita-
ly, the App DAE Responder software alerts reg-
istered users to a cardiac arrest occurring nearby
after it has been recorded by the Emilia Romagna
EMS. The mobile app informs citizens about: i)
the geographical distribution of AEDs; ii) the lo-
cation of public access AEDs closest to their posi-
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tion; iii) the actions to take in the event of cardiac
arrest; and iv) the appropriate thythm support tool
for performing external heart massage®. Other
countries have developed similar applications.
GoodSam (https://www.goodsamapp.org) and
PulsePoint (https://www.pulsepoint.org) are well-
known smartphone apps that connect trained lay
responders with regional EMS dispatch systems.
In both apps, users nearby receive a map showing
the position of the sudden cardiac arrest and the
closest AEDs™.

Despite being on a smaller scale than the afore-
mentioned apps, the Sapienza University of Rome
AED webMap has the potential to make a pub-
lic health impact due to the particular nature of
OHCA collapses at educational institutions. Pre-
vious studies*®>> that analyzed the location of
OHCA events found that collapses at educational
institutions often had a higher probability of sur-
vival, potentially due to more of these patients
being healthier and having a shockable rhythm.
Educational institutions may also be characterized
by a larger portion of bystanders trained and will-
ing to perform CPR and defibrillation. The AED
webMap can help these bystanders quickly identi-
fy, locate, and reach AEDs present on the campus,
a measure that could help speed defibrillation and
maximize the life-saving potential of AEDs. The
added value of the webMap includes: 1) detailed
AED geolocalization with interactive pop-up in-

formation for each AED, including information
on whether the AED is located internally or exter-
nally, which could be useful for OHCA collapses
outside of normal office hours; 2) the option to
use different base maps (digital street map, sat-
ellite imagery); 3) calculation and display of the
route to reach the chosen AED (by walking or
driving); and 4) the possibility to migrate towards
multiple platforms (Figure 8). Future perspec-
tives include potentially broadening this applica-
tion to include all public access AEDs located in
the community. Furthermore, an ad hoc webApp
in an ArcGIS environment, derived from the web-
Map here presented, is in progress to calculate the
search and identification of the AED closest to a
starting point and the geovisualization of AEDs
in ascending order of distance from a given point.

Conclusions

Most OHCA events in a public setting are
characterized by a shockable rhythm that requires
prompt defibrillation in order to increase the prob-
ability of neurologically intact survival. The Sapi-
enza AED webMap targets early links in the chain
of survival for OHCA by facilitating quick public
access to AEDs located on the campus of the larg-
est university in Europe, a measure that could help
speed defibrillation and maximize the life-saving
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Figure 6. The suggested route to reach the chosen AED as displayed on a digital street map template, with travel time and

distance. Authors’ elaboration.
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Figure 7. The suggested route to reach the chosen AED as displayed using satellite imagery, with travel time and distance.

Authors’ elaboration.

potential of AEDs. The webMap helps bystanders
quickly identify, locate, and reach AEDs and pro-
vides information on whether the AED is located
internally or externally, which could be useful for

OHCA collapses outside of normal office hours.
For maximum public health impact, the Sapien-
za AED webMap should be combined with other
early link strategies to increase OHCA survival,

detailed geolocation with
interactive summary pop-ups

calculation and display of the
route to reach the chosen
device

Perspective 1

Perspective 2

Perspective 3

Added values

possibility to migrate towards
multiple platforms

to open new scenarios towards a geography of safety

to expand the network of mapped AEDs by becoming
interlocutors for the Public Administrations

to enhance the geotechnological know-how and create
refined webApps with specific spatial analysis tools

availability of different base
aps (satellite imagery, digital
street map)

Figure 8. Added values provided by the AED Sapienza webMap and other perspectives. Authors’ elaboration.

9370



Sapienza University of Rome network of automated external defibrillators: a prototype webMap

including widespread training on cardiac arrest
recognition and bystander CPR and AED use and
measures to increase interaction between bystand-
er responders and EMS dispatchers.
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