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The aimof this EuropeanHeart RhythmAssociation survey was toprovide an insight into the currentuse of remote monitoring for cardiac implan-
table electronic devices in Europe. The following topics were explored: use of remote monitoring, infrastructure and organization, patient selec-
tion and benefits. Centres using remote monitoring reported performing face-to-face visits less frequently. In many centres (56.9%), a nurse
reviews all the data and forwards them to the responsible physician. The majority of the centres (91.4%) stated that remote monitoring is
best used in patients with implantable cardioverter-defibrillators and those live far from the hospital (76.6% top benefit). Supraventricular and
ventricular arrhythmias were reported to be the major events detected earlier by remote monitoring. Remote monitoring will have a significant
impact on device management.
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Introduction
The approach to follow-up of cardiac implantable electronic de-
vices (CIEDs), such as pacemakers and implantable cardioverter-
defibrillators (ICDs)hasevolvedover the lastdecadeafter the introduc-
tion of remote monitoring (RM).1–3 Remote monitoring of CIEDs is an
alternative to the traditional outpatient visits which provides an access
to complete information on device performance, including the patient’s
history of arrhythmias and battery and lead parameters. The main
objectives of RM are to avoid multiple face-to-face visits to the hospital,
to enable continuous follow-up and early detection of problems, thus
improving safety and quality of life, and generally to provide better pro-
cessing of information.4 However, RM has yet been partially implemen-
ted in Europe. The purpose of this survey was to assess the experience
and practices in RM of CIEDs at centres–participants of the European
Heart Rhythm Association (EHRA) electrophysiological (EP) research
network.

Methods

Characteristics of the participating centres
Responses were received from 54 centres belonging to the EHRA EP re-
search network spanning the wide European geographical area. The ma-
jority of responding centres performed a high volume of invasive
procedures. In the last calendar year, a total of 53.7% of the centres
performed 200 or more catheter ablation procedures, and 24.1% per-
formed 100–199 procedures. The number of implantations performed
(including new implants and replacements) was more than 400 at 46.3%
of the centres. Almost 50% of the centres implanted more than 100
ICDs per year, and 68.5% implanted more than 200 pacemakers per
year.

The majority (83.3%) of the centres were university hospitals, 11.1%
were private hospitals, and the rest were other hospital types. Cardiac
surgery was available at 96.3% of the surveyed hospitals. This point may
indicate that teaching, tertiary, and high-volume centres are more inter-
ested in RM.
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Results

Use of remote monitoring
A total of 23.5% of the centres have reported that they are not
actively using RM. Most of the centres that have incorporated RM
into clinical practice do not use RM routinely for pacemakers [RM
is used rarely or never used (.80%)]. Most of the centres,
however, employ RM in patients with ICDs. Many centres not using
RM have routine device check-up visits every 6 months or even
more frequently (52%). However, centres using RM report less fre-
quent face-to-face visits: they conduct almost half as many 6-month
visits as other centres (23.2 vs. 51.1%) and 25.6% of face-to-face
visits are at intervals of .12 months (Figure 1). Just over half the
centres actively use alert systems, and 17.6% of all the centres only
perform Internet check-ups at predefined intervals.

Infrastructure and organization of
remote monitoring
Two-thirds of the centres (64.3%) have no specific unit for RM. The
RM workflow varies, but in many centres (56.9%), a nurse reviews all
the data and forwards them to the responsible physician. However, in
25% of the centres, there is no specific workflow designed for RM. In
half the centres, information obtained by RM is available only for phy-
sicians in charge of arrhythmia service (51.1%), while in 17.1%, this in-
formation is available for the implanting physician and heart failure
specialists (Figure 2). Information obtained by RM is incorporated
into the clinical patient file (most often an electronic clinical
history) in only 6.4% of the cases. The structure of the management
of device follow-up is different between ICDs and pacemakers; in
37% of the sites, ICD follow-up is managed by RM for more than
50% of patients, in addition to events that prompt hospital visits.

Patient selection
Most of the centres in Europe have agreed that a RM system is best
suitable for follow-up of patients with ICDs with or without
cardiac resynchronization therapy (CRT-D). Remote monitoring

was regarded to be of high or medium benefit for management of
CRT-D devices by 98% and for management of ICDs by 94.1% of
the centres. This is in contrast to the follow-up routine used for pace-
makers where most of the centres (86.2%) found RM to be of only
medium/small benefit or no benefit at all. The system is regarded
to be of a greater benefit in patients with biventricular pacemakers
(43.1% of the centres reported RM to be of high benefit), although
not as beneficial as in patients with ICD/CRT-Ds.

The majority of the centres (91.4%) have stated that RM is useful
for patients who live far from the hospital (76.6% identified it as
highly beneficial and 14.9% as of medium benefit), followed by
patients treated with CRT, children, the elderly, and patients with
heart failure. For patients with ischaemic heart disease and patients
with a history of atrial fibrillation, 55% of the centres believe that
RM use has less benefit irrespective of the type of CIEDs.

Benefits for the patients, physicians,
and health system
When asked how many patients appreciate the introduction of RM
for follow-up, most of the centres replied that RM was well accepted
by patients, but many patients preferred outpatient follow-up at the
hospital or a combination of both hospital and RM follow-up. How-
ever, 39.7% of the patients were reported to prefer RM as their
main follow-up management, because it help avoiding the unneces-
sary visits to the hospital.

Some events are detected earlier by RM than by regular follow-up
and the patient alert system. Supraventricular and ventricular
arrhythmias are the major events that have been detected earlier
by RM, followed by generator and lead problems and worsening
heart failure. Suboptimal device programming is the least frequent
event reported. When asked about their mean delay time between
detection of an abnormality by RM systems and the physician’s re-
sponse, 48.9% of the European centres reported a delay of about
24–72 h, whereas 29.8% claimed to respond within 24 h. No
centres admitted to 1-month delay.

Another question focused on the percentage of RM alerts that led
todecision-making and interventions. Themajorityof cases (36%)did
not require any action, followed by altering antiarrhythmic drug
therapy (17%) or reprogramming of the device (18%). Advisory
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Figure 1 Distribution of frequency of face-to-face visits at each
hospital depending on the use of RM. The percentages of centres
are shown. RM, remote monitoring.
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Figure 2 Availability of information provided by RM.
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notification management also accounted for a good percentage
(10%) of RM decision-making activities.

Many centres believe that the main benefit of RM is an effective and
early detection of major clinical events (97.8%) and that it improves
the patient’s quality of life (91.1%). In addition, many centres
(86.7%) feel that RM may reduce costs (e.g. hospitalization, trans-
port) or improve patient outcome.

Most of the centres (73.2%) believe that RM follow-up of ICDs is
cost-effective, whereas RM of pacemakers is not (83.3%). Remote
monitoring costs are included within the overall budget for cardi-
ology/arrhythmia treatment in 53.5% of the centres. However, nine
(20.9%) respondents reported specific reimbursement codes for
RM at their institution, and 4.5% reported the availability of funding
specifically designated for RM.

Four (8.9% of the surveyed centres) recognized the potential legal
problems related toRM(i.e. patientdataprotection, lawsuits,medical
liability concerns for underdiagnosis/failure to anticipate problems).
One centre reported lawsuit issues and another stated that there
was a problem having the server located outside Europe, while
other reported that some patients felt they were not adequately pro-
tected. At present, RM systems cannot be used for remote program-
ming. The majority (65.1%) of the centres would like to have the
possibility of remote device programming in the future. However,
30.2% of physicians think that remote programming would be poten-
tially dangerous and would not support such development.

Discussion
Remote monitoring systems have arisen as a safe, effective method of
CIED follow-up in addition to outpatient visits. The EHRA expert
consensus recommends different schedules for follow-up depending
on device type.1 The usefulness of RM has been demonstrated in
several clinical trials.5,6 Although the progress is slow, RM has been
steadily implemented in Europe, and 76.5% of the surveyed centres
reported an active use of RM systems. Different studies have sug-
gested scheduling remote visits at intervals ranging from 3 to 6
months for ICDs and 3 to 12 months for pacemakers.2,5,7 The imme-
diate consequence of RM availability is that the frequency with which
devices are checked at the hospital (face-to-face visits) clearly differs
between centreswith RM and centres without RM. However, the use
of the alert systems is low, only slightly more than half the centres ac-
tively use RM alerts via email, fax, or SMS.

Infrastructure and organization of
remote monitoring
Two-thirds of the centres in Europedo not havea specific unit for RM
as many run their RM programs as part of their traditional CIED
follow-up clinics, although there is a transition from outpatient
visits to more frequent RM utilization.

The organization of a hospital RM workflow contributes largely to
the amount of advantage that can be taken of the technique. The
workflow for RM in Europe is based primarily on nursing with easy
communication with the responsible physician for medical decisions.
Many centres, however, conduct only sporadic reviews or have no
specific protocol, suggesting that some events may be undetected,
and the opportunity to adjust therapy may not be undertaken.

Existing evidence points to the key role played by the nurse in this ar-
rangement, in comparison with the physician-based schemes, and the
results of this survey further confirm this.

The large amount of data that RM provides is not yet adequately
transmitted to all parts of the healthcare system. The information is
put into the patient’s medical records in only 6.4% of cases. Thus,
there is a need to make this information available to all physicians
(e.g. emergency physicians, heart failure specialists, general cardiolo-
gists, etc.), and probably the only way to do that is to transfer infor-
mation in a digital format to electronic medical records that can be
accessed by the relevant hospital staff.

Patient selection
Most of the centres agreed that RM provides the most benefit and is
most suitable for follow-up of ICD or CRT-D devices.8 Many physi-
cians believe that the majorityof patientswith pacemakers, with good
longevity and performance, will not need any specific treatment or
device follow-up for a long time, and therefore, RM is of no or little
use in such patients. However, it is important to take into account
other aspects which are not uncommon in patients with pacemakers
and may be associated with ahigher likelihood of reprogramming (e.g.
heart failure, a history of mainly undiagnosed atrial fibrillation and
subsequent risk of thromboembolic events, diagnosis of ventricular
arrhythmias and management of advisory notifications). These are
just some of the aspects that advocate the useof RM in the pacemaker
population.9

Remote monitoring systems could benefit different type of
patients. For example, patients with complex problems that need a
tight follow-up schedule are potential candidates for RM. Patients
who benefit the most from this technology are those who find clinical
visits to be a disruption to their daily life (children and elderly patients),
patients (oftenelderly)whoarealoneandneedtocallonmultiple family
and social resources to get to the clinic, and patients who live far from
the hospital. In addition, stable patients that are unlikely to require
changes in programming or to have any device-related events could
be monitored remotely.

Benefits of remote monitoring
Although patients generally like the fact that RM means fewer in-office
visits, many feel more comfortable and safe when face-to-face visits are
scheduled; for them, remote follow-up becomes a useful complement
in device management. In this survey, however, 39.7% of patients, a sig-
nificant share, preferred RM as their main follow-up system.

Remote monitoring is highly effective at detecting clinical events.
The clinical merits of early detection of important events with RM
are significant. Reported response time is about 24–72 h at 48.9%
of the centres which is encouraging in view of the fact that some
events may take place out-of-work hours, when specialized
healthcare professionals may not be available. Events may require
decision-making and intervention, which could include changing in
antiarrhythmic drug therapy or reprogramming to prevent inappro-
priate therapies if atrial or ventricular arrhythmias (the mostcommon
findings), were detected10 or even surgery for lead failure. Cardiovas-
cular events, such asworsening of heart failure alsooccur relatively fre-
quently, and these patients may benefit from the use of RM, as has
recently been demonstrated in the IN-TIME (INfluence of home mon-
itoring on The clinIcal Management of heart failure) trial presented at
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the European Society of Cardiology (ESC) Congress in 2013.11 The
IN-TIME is the first implant-based RM randomized controlled trial
demonstrating significant benefits of implant-based home monitoring
for patients with advanced heart failure. At 12 months, significantly
fewerpatients in thehomemonitoringgrouphadreached thecompos-
iteprimaryendpointofmortality,overnighthospitalization forworsen-
ing heart failure, and New York Heart Association class global
self-assessment. Moreover, fewer patients in the home monitoring
arm died of any cause over the study period.

Lead and generator dysfunction are less common findings. In most
cases, RM is used to monitor normal functioning of devices and no
medical advice or intervention is necessary.

Remote monitoring improves the quality of life in patients with
CIEDs, especially patients who have mobility difficulties and patients
with complex cardiomyopathies, where RM may improve outcomes.
Furthermore, since RM substitutes office visits, cost are reduced
without compromising the patient safety. The ability to perform an
early diagnosis of arrhythmias, thoracic impedance disturbances, or
a low percentage of stimulation in CRT recipients could reduce hos-
pitalization in patients with severe heart disease.

The use of RM will reduce healthcare resource consumption.
Overall costs are reduced by decreasing outpatient clinic workload
and by reducing patient visits and the cost of patient transport
(some patients have to travel long distances). However, before any
centre can run a successful RM programme, it must face a learning
curve, it needs to train nurses and allied professionals, and it must
define a specific protocol. The costs of RM are charged directly
to the overall cost of cardiology/arrhythmia treatment at most
centres in Europe (53.5%). However, nine responding centres
(20.9%) reported specific reimbursement codes for RM, and 4.5%
reported the availability of specific funding designated for RM
programmes.

Remote monitoring will eventually be widely used in all over the
world, but a delay in physician acceptance and implementation has
been observed. Probably, the lack of a designated workflow, reim-
bursement, and allied staff make progress slow. There are also con-
cerns related to data privacy and fear of legal problems. Some legal
problems were reported in the survey. A clear, concise informed
consent form should be given to patients to avoid this type of
problem.

Conclusions
Remote monitoring of CIEDs is safe and cost-effective. It is well
accepted by most patients and enables early detection of important
clinical problems. Centres using RM perform face-to-face visits less
frequently. Supraventricular and ventricular arrhythmias are the
major events that are detected earlier by RM, with a reaction time

of ,72 h. Remote monitoring will have a significant impact on
CIED management (both ICDs and pacemakers), and most centres
would like to be able to programme devices remotely in the future.
It is likely that RM will replace most in-person follow-up of patients
with CIEDs.
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