
orIGInAL ArtICLe

out-of-Hospital Cardiac Arrest in Bariloche: Incidence, Distribution 
and Context. evaluation of the Potential Usefulness of an Automated 
external Defibrillator Program

Paro cardíaco extrahospitalario en Bariloche: incidencia, distribución y contexto. Evaluación de la 

potencial utilidad de un programa de desfibriladores externos automáticos

1 Sanatorio San Carlos 
2 Hospital Privado Regional, Bariloche
3 Hospital Ramón Carrillo
4 SAC District, Bariloche 
5 Sanatorio del Sol, Bariloche

MARiAno	TREViSAn1, Jorge L. bocian1,	MARio	CAMinoS2,	MARíA	EMiliA	SAAVEDRA3,	MARíA	E.	zGAiB4, antonio bazÁn5, 
danieL J. abriata2,	MATíAS	E.	CAlAnDRElli1

ABSTRACT

Background: The incidence and distribution of potentially resuscitable out-of-hospital cardiac arrests in a community should be 
determined before implementing an automated external defibrillator program in order to anticipate its effectiveness.
objectives: The aims of this study were: 1) to determine the annual incidence, distribution and context of out-of-hospital cardiac 
arrest in the city of Bariloche; and 2) according to the information obtained, to evaluate the potential usefulness of an automated 
external defibrillator program in the city, in public locations or in the patients’ homes. 
Methods: A one-year prospective registry of out-of-hospital cardiac arrests was carried out in the setting of the REGIBAR study, 
using The Registry Office as source of information. The cases of myocardial infractions hospitalized and presenting as cardiac arrest 
prior to arrival at hospital were also analyzed. Verbal autopsies were performed to establish if the death was due to cardiovascular 
disease and to determine its context. Out-of-hospital cardiac arrests were classified as those occurring within the patient’s home or 
in public locations. The presence of cohabitants and witnesses of cardiac arrests occurring at home and the history of myocardial 
infarction/heart failure were recorded.
results: During the study period, 61 out-of-hospital cardiac arrests occurred (age: 78.3; range: 47-100), 40% were women and 52% 
were ≥ 80 years of age. Incidence: 53/100, 000 person-years. None of the cases of cardiac arrest prior to hospital arrival undergoing 
resuscitation reached the hospital alive. Prior myocardial infarction/heart failure was present in 11.5% (7/61) of the cases. Sixty 
cardiac arrests occurred at home and one took place in a public space. The emergency medical service system was contacted in 20% 
of the cases and 10% underwent cardiopulmonary resuscitation. Seventy-five percent (45/60) of the subjects who experienced cardiac 
arrest at home were not living alone, but only in 12% (7/60) of cases cohabitants witnessed their death.
Conclusions: The incidence of out-of-hospital cardiac arrest in Bariloche was 53/100,000 person-years. Only one case occurred in a 
public space. An emergency medical service attended 1 out of 5 cases and half of these cases underwent cardiopulmonary resuscita-
tion. None of the cases of out-of-hospital cardiac arrest arrived alive at hospital. Only 1 out of 10 cardiovascular deaths at home 
was witnessed. The implementation of an automated external defibrillator program does not represent an advisable strategy in 
Bariloche.
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RESUMEN 

Introducción: A los efectos de anticipar la eficacia de la implementación de un programa de desfibriladores automáticos en una co-
munidad, resulta indispensable determinar la incidencia y la distribución de los paros cardíacos extrahospitalarios potencialmente 
reanimables en esa comunidad.
objetivos: 1) Determinar la incidencia anual, distribución y contexto del paro cardíaco extrahospitalario en la ciudad de Bariloche; 2) 
de acuerdo con los datos obtenidos, evaluar la potencial utilidad de un programa de implementación de desfibriladores automáticos 
en la ciudad, tanto para espacios públicos como para casos domiciliarios.
Material y métodos: En el marco del estudio REGIBAR, se realizó un registro prospectivo de paros cardíacos extrahospitalarios du-
rante un año y se utilizó como fuente el Registro Civil. Además, se analizaron los casos de infarto que fueron internados y se hubieran 
presentado como paro cardíaco prehospitalario. Para determinar si la muerte había sido de causa cardiovascular y conocer su con-
texto se realizaron autopsias verbales. Según el lugar del evento, los paros cardíacos extrahospitalarios se dividieron en domiciliarios 
y en espacios públicos. Se registró la presencia de convivientes y de testigos del evento en los casos de paros cardíacos domiciliarios, 
así como el antecedente de infarto/insuficiencia cardíaca previos.
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INTRODUCTION
Cardiovascular (CV) diseases are the leading cause of 
death in our country. In Argentina, according to data 
provided by the National Ministry of Health based on 
death certificates, 28.3% of deaths were due to car-
diac causes in 2014. (1) It has been estimated that ap-
proximately 2/3 of all deaths occur outside a hospital 
setting. (2) The chances of survival for patients with 
out-of-hospital cardiac arrest (OHCA) are still very 
low worldwide; however, access to defibrillation at 
the time of cardiac arrest can restore normal heart 
rhythm and change the outcome. (3, 4)

The availability of automated external defibrilla-
tors (AED) located in public locations (similar to fire 
extinguishers) or in the homes of individuals at in-
creased risk for cardiac arrest, could contribute to re-
duce mortality from this disease. (5, 6) However, and 
based on the rational use of health resources, the inci-
dence of OHCA successfully resuscitated in public set-
tings or at home should be known for a more efficient 
distribution of AED and to design the best health care 
prevention strategy. (7) It is important to distinguish 
between highly crowded locations (airports, shopping 
malls or sports venues) and less crowded locations 
(public thoroughfares or outdoor spaces) in order to 
optimize the distribution of AED in public spaces, de-
pending on the likelihood that an event will occur in 
that area that would justify the availability of an AED. 
(8)

A large study conducted in Canada and USA, cov-
ering a population of more than 21 million inhabit-
ants, found a marked difference between regions in 
both the incidence and outcome of OHCA. (9) Dissimi-
lar incidence rates have also been obtained in differ-
ent cities in Europe and Asia. (10) In our country, the 
incidence of sudden death in 20 cities was evaluated 

in a registry during 2 months based on death certifi-
cates and verbal autopsies to determine the causes of 
death. The authors remarked the difficulty of extrapo-
lating the results due to the great heterogeneity in the 
inclusion criteria, selected populations and different 
geographical areas. (11) This demonstrates the need 
for local data for our region. San Carlos de Bariloche 
is a city with 112,887 inhabitants, (12) located in the 
west of Rio Negro. The communal land has a surface 
area of 24,571 hectares, higher than that of the Au-
tonomous City of Buenos Aires. It has an east-west 
length of more than 30 km and a variable north-south 
width of no more than 8 km. Within the communal 
land, densely populated areas currently coexist with 
others that are not occupied for different reasons: the 
broken slopes of the mountain front, the environmen-
tal buffer zones bordering the national park and pub-
lic lands, among others. (13) These particular urbani-
zation characteristics make it difficult to extrapolate 
data related with the incidence and distribution of 
OHCA in other urban centers.

A possible benefit of the use of home AED has been 
suggested for individuals at high risk of OHCA. (14) 
Although a large study did not demonstrate benefit 
with the use of home AED in patients with prior in-
farction, the authors recognize that annual mortality 
was much lower than expected in the control group, 
mostly due to the fact that patients at higher risk had 
an implantable defibrillator (ICD) and had been previ-
ously excluded from the study. (15) Aside from the con-
text of clinical trials, the rate of ICD use is low, with 
marked regional differences. (16) Therefore, the inci-
dence of at-home cardiac arrest (AHCA) and the po-
tential usefulness of home AED in our setting should 
be investigated. It is important to know the context in 
which AHCA occur (previous cardiovascular risk, cir-

CVM  Cardiovascular death

oHCA  Out-of-hospital cardiac arrest

PHCA  Prehospital cardiac arrest

oHCVD Out-of-hospital cardiovascular death

AHCA  At-home cardiac arrest

Abbreviations 

AeD  Automated external defibrillator 

AMI  Acute myocardial infarction

HF  Heart failure

CV  Cardiovascular

resultados: Durante el período estudiado, se registraron 61 paros cardíacos extrahospitalarios (edad 78,3; rango: 47-100). El 40% 
eran mujeres y el 52% tenía ≥80 años. Incidencia: 53/100 000 personas-año. No se encontraron casos de paro cardíaco prehospitalario 
reanimados que hubieran llegado vivos a un centro de salud. Un 11,5% (7/61) presentaba infarto/insuficiencia cardíaca previos. Hubo 
60 paros cardíacos domiciliarios y un caso de paro cardíaco en espacio público. Se dio aviso al servicio de emergencias en el 20% de 
los casos, y 10% recibió maniobras de reanimación. De los paros cardíacos domiciliarios, el 75% (45/60) tenía convivientes, pero solo 
en el 12% de las veces (7/60) estos presenciaron el fallecimiento.
Conclusiones: La incidencia del paro cardíaco extrahospitalario en Bariloche fue de 53/100 000 personas-año. Solo un caso ocurrió en 
espacio público. En 1 de cada 5 casos, acudió un servicio de emergencias, y la mitad de estos recibió maniobras de reanimación. No 
hubo casos que lograran llegar a un centro de salud luego del paro cardíaco extrahospitalario. De las muertes cardiovasculares domi-
ciliarias, solamente 1 de cada 10 fueron presenciadas. La implementación de un programa de desfibriladores externos automáticos 
no representaría una alternativa recomendable en Bariloche.

Palabras Clave: Paro cardíaco extrahospitalario - Epidemiología – Desfibriladores
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cumstances of the event) and the presence or absence 
of cohabitants and witnesses of the arrhythmic event 
that may activate the device in due time and form to 
anticipate the real impact of this policy. (17)

In order to obtain specific information for the local 
setting, and within the framework of the REGIBAR 
study, (18) we conducted a prospective registry of 
OHCA in the city of San Carlos de Bariloche.

The objectives of this study were 
1) to determine the annual incidence, distribution and 

context of OHCA in the city of Bariloche.
2) According to the information obtained, to evalu-

ate the potential usefulness of an AED program in 
the city, both in public locations as in the patients’ 
homes.

METhODS

Study design and patient population
Data collection
A prospective registry was made of all the consecutive OHCA 
that took place from 0 a.m. on June 1, 2014, to 11:59 p.m. on 
May 31, 2015 (365 days). All the persons living in the city of 
Bariloche over the past 6 months were included in the reg-
istry. The information was retrieved from two sources of the 
REGIBAR study (Figure 1):

Source 1. Registry Office: All the death records dur-
ing the study period were reviewed.  Those who died in hos-

pital settings with diagnosis of acute myocardial infarction 
(AMI) were excluded (as they were part of source 2). Those 
who died in a hospital setting or out of hospital without a 
clear non-cardiac cause as trauma, suicide, neoplasms, 
bleeding, sepsis or stroke, were also excluded from the study. 
In this way, the registry included all the subjects with an 
out-of-hospital death due to a potential cardiovascular cause 
on the one hand, and all the subjects who had died in hos-
pital without a diagnosis of AMI and with possible cardiac 
arrest before arrival at hospital (prehospital cardiac arrest 
-PHCA) according to the death certificate. A verbal autopsy 
was performed in both groups to determine the cause of 
death. Briefly, a verbal autopsy consists of a printed survey 
where the personal medical history and previous symptoms 
are documented to guide the cause of death and classify the 
event, following the PRISMA study model. (19) A registered 
nurse with experience in epidemiological studies was trained 
to conduct the verbal autopsies, interviewing physicians who 
signed the death certificates, witnesses, relatives, general 
practitioners and attending cardiologists. 

Source 2. Medical records during hospitalization: 
Hospitalized patients with diagnosis of fatal or non-fatal 
AMI, as defined in a previous publication (19) were prospec-
tively included. The cases presenting as PHCA  were also 
included.

Definitions
Out-of-hospital cardiovascular death (OHCVD): Out of 
health facility deaths probably due to a CV cause. prehos-
pital cardiac arrest (PHCA): All the patients presenting to 
a health care facility with cardiac arrest undergoing resus-

IH: In-hospital; OH: Out-of-hospital; VA: Verbal autopsy; DC: Death certificate; AMI: Acute myocardial infarc-
tion; CV: Cardiovascular; SD: Sudden death; OHCVD: Out-of-hospital cardiovascular death; PHCA: prehospital 
cardiac arrestl; OHCA: Out-of-hospital cardiac arrest.

Fig. 1. OHCA: Selection of the 
population included in the 
analysis.
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citation. Out-of-hospital cardiac arrest (OHCA): Cardiac ar-
rest that occurs outside a health facility (OHCVD + PHCA 
). Two sites of OHCA were identified: public locations and 
patients home. Public locations with high predicted inci-
dence of OHCA were defined as those with 0.03 events per 
site (1 event in 30 similar sites/year). (8) These public spaces 
are: airports, bus terminals, shopping malls, sports venues, 
clubs, industrial sites and casinos. The rest of the public 
spaces were considered of low predicted incidence of OHCA. 
At-home cardiac arrest (AHCA) was every OHCA that oc-
curred at home. The person who lived in the same home 
with the patient at the moment of AHCA was defined as co-
habitant. The cohabitant could have witnessed the event, or 
not. The witness was the cohabitant who was present at the 
moment of AHCA and could have taken action.

History of AMI or heart failure (HF) was considered a 
high pretest for CV disease. The intervention of the public or 
private emergency medical services in OHCA was classified 
in OHCA evaluated by an emergency medical service (when 
the emergency medical service attended the site of cardiac 
arrest) and OHCA assisted by an emergency medical service 
(when cardiopulmonary resuscitation was performed).

Statistical analysis
Data were prospectively incorporated into specially designed 
databases and presented as percentages, mean and 95% con-
fidence intervals.

To compare with other registries, the crude incidence of 
OHCA per 100,000 person-years, standardized by the direct 
method, was calculated using the weighted values of the 
MONICA Data Center for the age range of 35 to 64 years: 
35-44 (1/11), 45-54 (3/11) and 55-64 (7/11). (20)

ethical considerations 
The protocol was approved by the Ethics Committee of Hos-
pital Zonal Bariloche “Ramón Carrillo” and was conducted 
following the recommendations of the Declaration of Hel-
sinki. (21) Cohabitants, family members or treating physi-
cians gave their written consent before being interviewed for 
a verbal autopsy.

The study was declared of municipal interest by the Mu-
nicipality of San Carlos de Bariloche (Ordinance 2071-CM-
10, November 12, 2013).

RESULTS
According to the Registry Office (Source 1), 193 deaths 
occurred out of hospital: 123 were due to non-cardiac 
causes (traumatic death, suicide, cancer, bleeding, 
sepsis or stroke) as reported on the death certificate. 
The remaining 70 deaths underwent verbal autopsy 
and 61 were classified as OHCVD (Figure 1). Among 
the latter, 16 were possible fatal AMI and 45 were un-
classified deaths (included according to the MONICA 
project criteria).

During the study period, among the 80 patients 

hospitalized with diagnosis of AMI (8 deceased and 
72 discharged), none of them presented with PHCA . 
On the other hand, among the patients who died dur-
ing hospitalization due to other causes (not AMI), but 
who could potentially have presented PHCA  (6/305 
patients), none of the cases were confirmed by verbal 
autopsy.

The crude incidence of OHCA was 53 cases per 
100,000 person-years and the age-standardized inci-
dence rate (35-64 years) was 63.4 cases per 100,000 
person-years. Mean population age was 78.3 years 
(range: 47-100) and there were no OHCA in persons 
<18 years. Forty percent of cases were women and 
53% were ≥ 80 years. Prior AMI/HF was present in 
11.5% (7/61) of the cases (Table 1).

Sixty cardiac arrests occurred at home and 1 in a 
public thoroughfare, a space considered of low inci-
dence for OHCA. In 12 cases (20%) OHCA was evalu-
ated by an emergency medical service; 6 of these 12 
cases (10%) received CPR (assisted OHCA), including 
the event in the public thoroughfare, while death was 
confirmed in the other 6 cases. None of the cases sur-
vived until arrival at the health care center. 

Verbal autopsy revealed that 55/60 (92%) AHCA 
occurred while the patient was in bed, either sleeping 
of after the patient had lied down due to unspecific 
discomfort (Figure 2). In 75% of the cases (45/60) oth-
er persons were at home at the moment of death and 
12% (7/60) witnessed the event and could potentially 
have acted (Figure 3).

DISCUSSION
This registry demonstrates that the incidence of 
OHCA in the city of Bariloche was 53/100,000 person-
years. This number is somewhat lower than the aver-
age observed in the sub-analysis of the PRISMA study 
(73/100,000 person-years) (11) In England the inci-
dence was similar (53/100,000 person-years) in a sig-
nificantly larger population. (22) However, our find-
ings show a lower incidence of OHCA than in the ROC 
study (United States and Canada) where, in any case, 
there was great variability in the incidence between 
the cities surveyed (71.8 to 159/100,000 person-years). 
(9) Similarly, in a systematic review that included 67 
studies analyzing the incidence of OHCA in Europe, 
North America, Asia and Australia, Berdowski et al. 
observed up to tenfold variability among the regions 
evaluated (from 20.9 to 186/100 000 person-years). 
(23) This data dispersion is probably due to multi-
ple factors (differences in case definition and source, 
demographic characteristics and baseline population 

table 1. Demographic char-
acteristics of individuals with 
out-of-hospital cardiac arrest 

Age	(x,	Ci)	

High	pretest	for	cardiovascular	death	

(candidate	for	AED	(n,	%	and	Ci)

77 (69-87)

7	(11.5%;

Ci	4.7%-22.2%)

83.4 (79-88)

2	(7.7%;

Ci	1%-25.1%)

74.7 (68.5-63)

5	(14.3%;

Ci	4.8%-30.2%)

n
Men
36

Total
61

Women
25

-



333ouT-of-HoSPiTAl	CARDiAC	ARREST	in	BARiloCHE	/	Mariano	Trevisán	et	al.

risk) and reinforces the need for obtaining local infor-
mation.

It should be noted that this work recorded all 
OHCA and not only those who were assisted by an 
emergency medical service. This type of population-
based survey provides additional information of the 
events that did not receive medical attention, helps 
to know their context, and may serve as a starting 
point for designing strategies to facilitate access to the 
health system and improve survival.

The UKHAS (United Kingdom Heart Attack 
Study) study, which prospectively assessed a popu-
lation of 954,000 individuals, found that 8 out of 10 
OHCA occurred at home, and were witnessed in less 
than half of the cases. (24) The HAT study, which 
evaluated the efficacy of a home AED program in pa-
tients with prior coronary heart disease found that 
out of 160 sudden death events, 117 occurred at home 
and 9 in public spaces, (15) findings that are similar to 
those of our registry.

On the other hand, it has been suggested that the 
distribution of AED in public spaces should be guided 
by the specific incidence of OHCA in each type of loca-
tion, and that AED availability would only be justi-

fied in areas with high expected incidence of events 
(such as airports, shopping malls, sports venues or 
public transport terminals). Each community is also 
encouraged to identify those sites with high incidence 
of OHCA in order to rationally plan the distribution 
of AED. (25, 26) Examining the circumstances of the 
only death occurring in a public thoroughfare in our 
study, it took place in a space considered of low inci-
dence of OHCA.

In the case of AHCA, despite 3 out of 4 individuals 
did not live alone, only 1 out of 10 events was wit-
nessed. Verbal autopsy revealed that AHCA occurred 
without alarm symptoms in most cases (92%; 55/60). 
In the same sense, the HAT study reported that only 
55 of 117 events at home (49.6%) were witnessed. 
These data suggest that the availability of an AED at 
home, even with the presence of cohabitants at the 
time of the event, does not imply that this device will 
be used in time to prevent the fatal outcome.

In our registry, the prevalence of known cardio-
vascular disease that could predict the event was ex-
tremely low, making it difficult to identify a popula-
tion at risk that could obtain greater benefit from the 
availability of AED at home.

Fig. 2. Location of at home car-
diac arrest.

Fig. 3. Cohabitants and wit-
nesses of at home cardiac arrest.
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This study also demonstrates the feasibility of us-
ing verbal autopsy in a population and of obtaining 
reliable information when added to quantitative re-
cords. (27) This may be repeated in this population 
or in others in the future, and thus compare the data 
obtained with the same instrument.

Limitations
This study has several limitations. Firstly, it would 
have been useful to extend the registry for a longer 
period in order to define more clearly the geographi-
cal distribution of OHCA, given the low incidence of 
events during the study period. However, the low total 
incidence is a relevant fact in itself, as it may be used 
to delineate health policies with an efficient manage-
ment of the resources available,

Secondly, although we employed the methodology 
for classifying events used in the MONICA project, 
(28) the fact that unclassified deaths were considered 
OHCA may imply an inclusion bias as the cause of 
death was not corroborated by autopsy. In our regis-
try, we favored sensitivity over specificity, so as not to 
exclude any potential candidate to undergo defibrilla-
tion. Thus, the efficacy of an out-of-hospital AED pro-
gram could hardly have been underestimated using 
this screening method.

Finally, the number of events could have been under-
reported due to the nature of the design. By definition, 
the registry excluded cases of OHCA (in public spaces 
or at home) that were assisted by an emergency medi-
cal service, transported to a health care facility, finally 
survived the event (not detected by the Registry Office 
records) and did not have a diagnosis of AMI (other car-
diomyopathies or channelopathies not recorded during 
hospitalization). This phenomenon could also explain 
the fact that the age of the deceased was high, as there 
is an inverse association between age and the probabil-
ity of surviving cardiac arrest. (29, 30)

CONCLUSIONS
The incidence of OHCA in the city of Bariloche was 
53/100,000 person-years. Only one case occurred in 
a public space. The rest of deaths occurred at home, 
mostly with no witnesses and with high prevalence 
of elderly population. The rate of emergency medical 
system activation was low and no cases arrived alive 
at hospital. In light of the results obtained, it is not 
possible to state that an AED program distributed in 
public spaces or homes in Bariloche would represent a 
potentially effective strategy.

From the perspective of optimizing the use of re-
sources in public health, our findings reinforce the 
need for local registries to develop strategies for rapid 
access to defibrillation in out-of-hospital settings.
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