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Summary
Background. — Pre-hospital triage supported by electrocardiogram assessment and
telemedicine was used to shorten time to reperfusion in subjects with acute myocardial
service; infarction (AMI). Timely treatment of AMI presupposes huge geographical areas covered by

Health care service one primary angioplasty network, one emergency medical service (EMS), and that pre-hospital

electrocardiograms are interpreted by a physician, preferably a cardiologist.
Methods. — We report preliminary data on a telemedicine network which provides remote
interpretation of pre-hospital triage EMS electrocardiograms for Apulia, Southern Italy
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(4 million inhabitants): the region is served by one public health care service, one public EMS,
one hospital network and one telemedicine service provider.
Results. — From October 2004 to September 2013, 598,140 electrocardiograms were read by
the telemedicine hub. Fifty percent of subjects triaged via the pre-hospital telemedicine elec-
trocardiogram network were male, 50% were aged over 70 years, 36% were triaged during
night shift. Fifteen percent of electrocardiograms in subjects with chest pain were abnormal,
therefore requiring direct access to the cath-lab or hospitalization. Frontline diagnosis was
ST-elevation in 6178 subjects, while 40,106 electrocardiograms showed arrhythmias other than
premature contraction or sinus rhythm. Typical chest pain was found in less than 50% of subjects
diagnosed with ST-elevation AMI.
Conclusions. — The region of Apulia (4 million inhabitants, Southern Italy) is served by a unique
combination of one telemedicine hub that reads pre-hospital electrocardiograms and provides
cardiology consultations, one EMS, one hospital network for primary angioplasty in ST-elevation
AMI. More than half a million electrocardiograms have been interpreted since 2004.
© 2013 Elsevier Masson SAS. All rights reserved.
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Résumé
Contexte. — L’orientation et le triage pré-hospitaliers par le biais d’une évaluation électrocar-
diogramme et la télémédecine ont été utilisée pour raccourcir le délai de reperfusion chez des
sujets atteint d’un infarctus du myocarde aigu (IMA). Un traitement de l’IMA en temps opportun
suppose de vastes zones couvertes par un seul réseau pour l’angioplastie primaire, un seul ser-
vice d’aide médicale urgente (Samu), et que les électrocardiogrammes pré-hospitaliers soient
interprétés par un médecin, de préférence un cardiologue.
Méthodes. — Nous présentons des données préliminaires sur un réseau de télémédecine qui
fournit l’interprétation à distance des électrocardiogrammes pré-hospitaliers pour le Samu de
l’Apulia, une région dans le sud de l’Italie (4 millions d’habitants) : la région est desservie par
un seul service de santé publique, un seul Samu, un seul réseau hospitalier pour l’angioplastie
primaire et un seul fournisseur de services de télémédecine.
Résultats. — D’octobre 2004 jusqu’à septembre 2013, 598 140 électrocardiogrammes ont été lus
par le centre de télémédecine. Cinquante pour cent des sujets orientés par le télé-ECG pré-
hospitalier étaient des hommes, 50 % avaient plus de 70 ans et 36 % ont été évalués pendant
la période de nuit. Quinze pour cent des ECG chez les sujets atteints de douleurs thoraciques
étaient anormaux, nécessitant donc un transfert direct au centre de cathétérisme ou alors une
hospitalisation. Un diagnostic de sus-décalage du segment ST était posé chez 6178 patients,
tandis que 40 106 ECG ont démontré des arythmies autres qu’extrasystoles ventriculaires ou le
rythme sinusal. Une douleur thoracique typique a été trouvée pour moins de 50 % des sujets
atteints d’un sus-décalage du segment ST.
Conclusions. — La région d’Apulia est servie par une combinaison unique d’un seul centre de
télémédecine pour l’interprétation des ECG pré-hospitaliers et la consultation par un car-
diologue, un seul Samu, un réseau hospitalier pour l’angioplastie primaire de l’IMA avec
sus-décalage du segment ST. Plus d’un demi-million d’ECG ont été interprétés depuis 2004.
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ackground

he treatment of acute myocardial infarction (AMI) involves
hortening time to reperfusion; the lower the ischemic time,
he smaller the necrotic zone [1] and the better the progno-
is [2]. This goal could be achieved in several ways, oriented
t keeping reperfusion time within the benchmark ‘‘golden
our’’ [3—5].

Pre-hospital triage supported by electrocardiogram
ssessment [6] and telemedicine support [7—9] were used
o shorten time to reperfusion in cases of AMI. Neverthe-
ess, both field triage and telecardiology are doomed to fail,

f other links in the chain leading to timely reperfusion are
awed. Telemedicine potential is best exploited when a net-
ork aimed at treating AMI runs like a well-oiled machine.

a
f

s droits réservés.

Several models of networks for primary treatment of AMI
y coronary angioplasty (PCI) have been therefore imple-
ented so far, ranging from relatively small geographic

reas [10] to large state-wide extension [11,12].
In most cases, paramedics are employed for electrocar-

iogram interpretation and cath-lab alerts, often supported
y computer algorithms that identify the signs of AMI
13,14].

Despite this, automated electrocardiogram interpreta-
ion is inaccurate [15,16] and current guidelines require a
hysician to interpret and confirm the electrocardiogram
fter automated interpretation [17].

In other cases, the efficacy of medical networks

imed at timely treatment of AMI is hindered by the
ragmentation of either the local Emergency Medical
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Figure 1. Apulia, Southern Italy, 4,050,300 inhabitants and 19,358 km2. Pre-hospital electrocardiograms via telemedicine per town October
2012—September 2013.
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Apulia, Italie du Sud, 4 050 300 habitants et une superficie de 19 359
octobre 2012 et septembre 2013.

Service (EMS) provider or hospital and healthcare
networks.

Ideally, large geographical areas should be covered by
a single primary angioplasty network [11], a single EMS
provider, a network comprising ‘‘hub’’ hospitals with 24/7
cath-lab able to realize primary angioplasty and ‘‘spoke’’
hospitals or emergency departments ready for immediate
transfer to a hub-hospital. Pre-hospital electrocardiograms
should be interpreted by a physician, preferably a cardiolo-
gist [18—20].

We therefore report the preliminary data on a
telemedicine network which provides remote interpretation
of pre-hospital electrocardiograms for EMS in Apulia, South-
ern Italy (Fig. 1): the region is served by a single public
health care service, a single public EMS, a single hospital
network and a single telemedicine service provider.

Methods

The region of Apulia has 4,050,300 inhabitants and com-
prises 19,358 km2. The regional network for primary PCI in
STEMI was established in Apulia in January 2012. There are
15 PCI intervention laboratories providing a 24/7 service
across the region.

The regional EMS is activated by calling 118, the free
Italian public service telephone number for general medi-

cal or surgical emergencies, the aim of which is an
immediate diagnosis of critical diseases in order to avoid
emergency room delay-to-diagnosis. Final hospitalization is
arranged by teams of physicians and a regional 118 service,

c
o
t
t

Les ECG pré-hospitaliers réalisés par télémédecine par ville entre

onnected by mobile phone: direct admission to a critical
are unit is arranged according to the level of care. Patients
re discharged from the ambulance and not transported at
ll in case of normal findings. According to Italian legis-
ation, 118 crews usually include an emergency medicine
hysician and/or nurses and the electrocardiogram should
e preferably interpreted by a cardiologist.

All regional 118 EMS crews (more than 200) are equipped
ith a CardioVox P12 12-lead electrocardiogram recorder

AerotelTM, Holon, Israel) (Fig. 2): the devices can record
complete 12-lead ECG read by a cardiologist available

4/7 following mobile phone or telephone transmission to
unique regional telemedicine support ‘‘hub’’, located

n Bari, capital city of Apulia. One hundred and eigh-
een paramedics and physicians can receive ECG results on
martphones connected to the telecardiology hub. Logistic
upport for the telemedicine hub was provided by Cardio-
nline Europe S.r.l., Bari, Italy. A cardiologist available 24/7
ithin the telecardiology hub promptly reads the electrocar-
iograms sent by the EMS personnel from the entire region
f Apulia. In cases of STEMI, the patients are immediately
ddressed to the nearest cath-lab for appropriate treat-
ent.
The telemedicine service has been established since

ctober 2004 by Cardio-on-line Europe S.r.l., a telemedicine
ompany certified in UNI EN ISO 9001:2008 (quality cer-
ification) and UNI CEI ISO/IEC 27001:2006 (security data

ertification). The telecardiology hub for the entire region,
perative 24/7, has two cardiologists on duty for elec-
rocardiogram interpretation, 12 computer terminals, 25
elephone lines, 2 call center operators available 24/7, 20
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igure 2. Telecardiology device for remote electrocardiogram re
n dispositif de télécardiologie pour l’enregistrement des ECG à d

lternating, on duty cardiologists and an emergency power
ystem in case of electrical power outage.

All center services and the entire network are shielded
rom virus threats by a combination of hardware and soft-
are firewalls, and a comprehensive antivirus, in addition

o software back-up procedures. A comprehensive net-
ork management program ensures that all systems have

eal-time updates and that the latest security patches are
nstalled as soon as they are released.

All data are electronically stored in computers using a
nique identification number for the center and individual,
n compliance with the Italian Privacy and Personal Informa-
ion Protection Act (D. Lgs. 196/2003).

The regional EMS and telecardiology provider made a
reliminary agreement on indications for ECG recording:

resence of chest pain or epigastric pain, breathlessness,
alpitations, dizziness/fainting, or any suspected acute car-
iovascular disease.

e
2
7
g

ng and its use.
ce et son utilisation.

The study was authorized by local Health Authority and
s in accordance with the declaration of Helsinki.

esults

rom October 2004 to September 2013, 598,140 electrocar-
iograms were read by the telemedicine hub (Fig. 3): peaks
an be observed during the summer months, when Apulia
ttracts tourists from all over the world.

Fifty percent of subjects triaged via the pre-hospital
elemedicine electrocardiogram were male, 50% were older
han 70 years, 36% were triaged during night shift (8 p.m. — 8
.m.). Indications for pre-hospital triage via telecardiology

lectrocardiogram examination were acute chest pain in
4% of cases, dizziness or fainting in 21%, palpitations in
%, breathlessness in 9%. Fifteen percent of electrocardio-
rams in subjects with chest pain were abnormal, therefore
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Figure 3. Electrocardiograms read by telemedicine hub since 200
Le nombre de ECG interprétés par le centre de télémédecine depu

requiring direct access to cath-lab or hospitalization. The
frontline diagnosis was ST-elevation in 6178 subjects, while
40,106 electrocardiograms showed arrhythmias other than
premature contraction or sinus rhythm. ST anomalies sug-
gested further assessment in 22,288 cases. Typical chest
pain was found in fewer than 50% of subjects diagnosed with
ST-elevation AMI.

Discussion

We report nine-year data on large telemedicine network
supporting the public 118 EMS in a region with a hospi-
tal network for treatment of ST-elevation AMI with primary
angioplasty. The telemedicine service in Apulia was also
used for pre-hospital diagnosis of arrhythmias in syncope
[21], atypical atrial fibrillation [22] and in primary [23] and
secondary prevention of cardiovascular disease [24].

Telemedicine support was also implemented in routine
triage in local penitentiaries in cases of suspected acute
heart disease [25] and even in fast track emergency room
triage [26].

Data on logistic requirements [7] and diagnostic findings
from Apulia telecardiology network were previously pub-
lished [8,9].

A larger network aimed at pre-hospital triage of STEMI
was also implemented in other Italian areas (Lombard-IMA
[27]): field triage was associated with a trend in reduced
30-day mortality (5.3% vs 7.9%) [28]. However, telemedicine
support for the 118 EMS in Apulia is characterized by
remote consultation between on scene 118 personnel and
telemedicine hub cardiologist, which could further improve
the accuracy of pre-hospital triage. Indeed, there is evi-
dence that when paramedics are involved in pre-hospital
electrocardiogram reading, a further consultation is often
required [29].
Moreover, pre-hospital triage in Apulia with telemedicine
support was used in very high rates of 118 patients (up
to 50%), while pre-hospital electrocardiogram were avail-
able just in 12% of patients from the Lombard-IMA registry.

C

T
i

4.

espite the fact that pre-hospital 12-lead electrocardiogram
ssessment in case of suspected IMA has been advocated
nd recommended by guidelines [30,31] and scientific state-
ents [32], it is still little used [33].
However, other than shorter time to treatment [33—36],

re-hospital electrocardiogram triage by-passing emergency
epartment delay was shown to be associated with lower
TEMI mortality [34,35]. Relative reduction in STEMI mor-
ality reached about 60% in recent studies [37]. Mortality
as reduced thanks to pre-hospital triage even in cases of
ardiogenic shock [38] and higher left ventricular ejection
raction was maintained after field electrocardiogram triage
38].

Rural areas benefit the most from telemedicine support
39]; pre-hospital electrocardiogram triage enables people
iving far from a PCI facility to achieve a time to treatment
omparable with those living closer [19].

According to current guidelines on STEMI treatment, ide-
lly a consultation between a cardiologist and frontline EMS
ersonnel should be pursued [30] and all electrocardiograms
hould be read by a cardiologist.

Widespread use of pre-hospital electrocardiogram and a
irect referral for primary PCI by-passing the emergency
epartment could be better implemented with a single
egional EMS [30] and a single telemedicine hub with elec-
rocardiograms read by a cardiologist. All for one, one for
ll: you get it in Apulia.

imitations

hese are preliminary observational non-randomized data
n a 9-year experience with telecardiology support for the
ublic EMS.
onclusions

he region of Apulia (4 million inhabitants, Southern Italy)
s served by a unique combination of one telemedicine hub
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nterpreting pre-hospital electrocardiograms and providing
ardiology consultations, one EMS, one network for primary
CI in ST-elevation AMI, one public health care service. More
han half a million electrocardiograms have been read so far
ince 2004.
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