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Summary The enormous progress made in recent
years in the field of information and communication
technology and also in sensor and computer technol-
ogy has affected numerous fields of medicine and is
capable of inducing even radical changes in diagnos-
tic and therapeutic processes. This is particularly true
for cardiology, where, for example, telemetric moni-
toring of cardiac and circulatory functions has been
in use for many years. Nevertheless, broad applica-
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tion of newer telemedical processes has not yet been
achieved to the extent one would expect from the
encouraging results of numerous clinical studies in
this field and the state of the art of the underlying
technology. In the present paper, the Working Group
on Rhythmology of the Austrian Cardiological Soci-
ety aims to provoke a critical discussion of the dig-
ital change in cardiology and to make recommenda-
tions for the implementation of those telemedical pro-
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cesses that have been shown to exert positive effects
on a wide variety of medical and economic param-
eters. The greatest benefit of telecardiological appli-
cations is certainly to be found in the long-term care
of patients with chronic cardiovascular diseases. Ac-
cordingly, follow-up care of patients with cardiolog-
ical rhythm implants, management of chronic heart
failure and secondary prevention following an acute
cardiac event during rehabilitation are currently the
most important fields of application. Telemedicine
is intended to enable high-quality and cost-efficient
care for an increasing number of patients, whose care
poses one of the greatest challenges to our healthcare
system. Not least of all, telemedicine should make
a decisive contribution to improving the quality of
life of this segment of the population by favorably in-
fluencing mortality, morbidity and hospitalization as
well as the patient’s contribution to treatment.

Keywords Remote monitoring · Cardiac implantable
electronic devices · Heart failure · Telerehabilitation

Abbreviations
AAI Single chamber atrial pacing
AAIR Single chamber atrial rate response pacing
ACS Acute coronary syndrome
AF Atrial fibrillation
AHA American Heart Association
AHRE Atrial high-rate episode
AI Artificial intelligence
ATP Antitachycardia pacing
CDA Clinical document architecture
CHD Coronary heart disease
CIED Cardiac implantable electronic device
CR Cardiac rehabilitation
CRT Cardiac resynchronization therapy
CRT-P Cardiac resynchronization therapy-pacing

only
CRT-D Cardiac resynchronization therapy with de-

fibrillator/cardioverter back-up
CTR Cardiac telerehabilitation
DDD Dual chamber sequential pacing
DDDR Dual chamber sequential rate response pac-

ing
DGK German Society for Cardiology
DMP Disease management program
ELGA “Elektronische Gesundheitsakte” (Electronic

health records)
ERAP Expanded rehabilitation/aftercare program
ERI Elective replacement indicator
ESC European Society of Cardiology
HFA Heart Failure Association of the ESC
HL7 Health Level Seven International
HRS Heart Rhythm Society
ICD Implantable defibrillator cardioverter
ICT Information and communication technology
IEGM Intracardiac electrogram
ILR Implantable loop recorder
IT Information technology

NYHA New York Heart Association
ÖKG Austrian Cardiological Society
PDA Personal digital assistant
PM Pacemaker
R Rehabilitation
RI Remote interrogation
RM Remote monitoring
RRT Recommended replacement time
S-ICD Subcutaneous implantable defibrillator car-

dioverter
TM Telemedicine
TMC Telemedical center
TR Telerehabilitation
VC Videoconferencing
VVI Single chamber ventricular pacing
VVIR Single chamber ventricular rate response

pacing
WHO World Health Organization

Introduction

The technical revolution that was initiated by the dig-
italization of almost all areas of life in recent years is
now felt ubiquitously and immediately. Whether it be
self-driving cars, the increasing use of artificial intel-
ligence and large amounts of data (big data) to con-
trol and analyze everyday processes that are no longer
manageable for the individual person or the advance
of robot technology inmedicine and the production of
goods, all of these have kicked off the so-called fourth
industrial revolution. This revolution affects the way
we live, work and communicate with each other. The
merger of digitalization and medicine has opened up
completely new possibilities for diagnostics and treat-
ment and is in the process of challenging or replacing
many traditional and proven care concepts.

Despite the numerous advantages associated with
this development, there are also a number of con-
cerns, e.g. with respect to data security and pro-
tection, systems reliability, or with respect to conse-
quences for people, especially on the psychological
level. In addition, there are increasing fears that var-
ious involved organizations are not or will not be
able to adequately keep up with the changes wrought
by digitalization. It therefore stands to reason that
the opportunities that digitalization is opening up
in medicine should be made use of jointly with all
other parties involved (patients, other health service
providers, medical technology, etc.) in order to create
a positive and sustainable future.

Despite the fact that mortality from cardiovascu-
lar diseases has been declining in recent decades, at
least in the industrialized countries, the diagnosis and
treatment still pose a major organizational and finan-
cial challenge for national healthcare systems. The
number of newly diagnosed cardiovascular diseases is
increasing year by year in Europe and also in Austria
[1] and these diseases are still the most frequent cause
of death. In 2015, an estimated 83.5 million people
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in the European Union suffered from a cardiovascu-
lar disease [2], and roughly the same number in the
USA. As a result of the steadily rising life expectancy,
the treatment duration for chronically ill patients is
steadily growing, thus increasing the amount of care
required in both inpatient and outpatient settings.

In 2009, the Austrian Cardiological Society (ÖKG)
published a position paper on telemedicine (TM) in
cardiology based on the latest scientific evidence, in
which some telemedical processes for cardiology were
given a positive review and their widespread use was
recommended for Austria [3]. The American Heart As-
sociation (AHA; [4]) as well as the European Society of
Cardiology (ESC; [5]) and the German Cardiac Society
(DGK; [6–9]) have meanwhile dealt with the topic in
policy papers. All these societies are agreed that in
contrast to the rapidly growing evidence for the ad-
vantages of TM in cardiology, broad implementation
of TM in regular operations is proceeding at a much
slower pace or has yet to materialize. The barriers
to the widespread use of TM in cardiology have al-
ready been identified [4–9] and include standardiza-
tion, quality assurance, interoperability and financing.

Both the new knowledge gained in and the rapid
technical developments in recent years now require
a complete revision and update of the abovemen-
tioned position paper of the Austrian Cardiological
Society from 2009, in order to make pertinent rec-
ommendations for the implementation of telemedical
procedures in cardiology in Austria.

Definitions

Telemedicine (TM) refers to the provision of health ser-
vices using information and communication technol-
ogy (ICT) in cases where the patient and the health-
care practitioner or two healthcare practitioners are in
different places when service is to be provided. This
requires secure and stable transmission of medical
data and information for the prevention, diagnosis,
treatment and further care of patients in the form of
text, sound, images or in any other form. This is done
in constant compliance with data protection regula-
tions.

TheWHO defines TM in amuchmore complex way,
highlighting not only the benefits for the patient but
also the various advantages for the healthcare system
[10]. It emphasizes that TM is still an open dynam-
ically evolving science that constantly picks up new
technical developments, thereby reacting to changing
demands [11].

The artificial term eHealth, on the other hand, is
not yet clearly defined although it is used more and
more frequently [12]. Depending on which target
group is addressed (physicians, patients, technicians,
lawyers, health politicians or health economists, etc.),
eHealth is used synonymously with other established
terms, such as TM (or other tele-X terms) or also
new terms such as online health, cybermedicine and

(Internet) consumer health informatics. Technically
speaking eHealth means among other things that
telemedicine applications rely on the Internet in-
frastructure or technology. The pervasiveness of the
Internet means that direct patient-computer inter-
action is also becoming increasingly important as
a supplement to the classical physician-patient con-
sultation and is therefore often considered part of
the eHealth field, as are networking efforts in the
healthcare system (e.g. electronic patient records) or
general IT-based infrastructure initiatives (such as the
Austrian ELGA).

In addition, the term eHealth refers to the efforts
of various actors in the healthcare system (insurance
companies, health portals, virtual self-help groups) to
make health information and services accessible to lay
consumers and patients via the Internet. The same
applies to the globally observed trend where patients
search the Internet for information about medical top-
ics and thus exert a greater influence on their own
healthcare.

The term mHealth, an abbreviation for mobile
health, stands for support for TM procedures and
healthcare efforts by means of mobile devices, such
as smartphones, tablets or personal digital assistants
(PDA) [13] as well as by means of lifestyle and health
applications that can be operated via sensors. With
rising healthcare costs and more self-confident and
better-informed patients, mHealth is increasing in
importance; however, healthy consumers who use
applications for prevention or wellness are also im-
portant users of mHealth.

mHealth comprises a number of technical appli-
cation possibilities. These include the determination
and transmission of vital parameters, such as blood
glucose levels or body temperature and also commu-
nication or motivational applications to remind peo-
ple to take medication. The use of application soft-
ware (apps) plays a major role here because the sen-
sors installed in smartphones can be used to record
and process a large amount of health-related data [14].

In principle, the older term telematics refers to any
technology that links the fields of telecommunications
and information technology.

Telemonitoring, also known as remote monitoring
(RM), is the continuous monitoring and transmission
of data on body functions by means of sensors and
telemetry, especially for chronically ill patients or pa-
tients at risk. This can be done either locally in a hos-
pital or in the patient’s private setting. Possible mon-
itoring parameters and their combinations are man-
ifold and enable medical care to be tailored to the
needs of the individual patient.

Telerehabilitation (TR) means, in analogy to the
abovementioned terms that ICT is used in various
treatment processes in rehabilitation (R). Formally, TR
includes the use of telecommunications and RM, but
more recent developments also use robotics, com-
puter games and many other forms of virtual real-
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ity to enable the provision of R services at locations
remote from the institution [15, 16]. Very different
subareas of R are supported, such as assessment, def-
inition of the R target, monitoring, training and phys-
iotherapy, prevention, intervention, supervision, eval-
uation, training, and counseling. Service can be pro-
vided when the patient is either at home, in a general
community center, in a care facility offering varying
degrees of care, or in a school. TR is a form of med-
ical treatment that can theoretically be administered
throughout the rest of a patient’s life span or at least
during the entire course of a particular treatment [16].
As the first telemedical form of treatment in Austria,
TR was explicitly included in Austria’s General Social
Security Act as a possible treatment option.

Telemedical aftercare and remote monitoring of
cardiac implantable electronic devices

The follow-up care of patients with cardiac im-
plantable electronic devices (CIED), such as pace-
makers (PM), implantable defibrillators cardioverters
(ICD), devices for cardiac resynchronization therapy
(CRT) or implantable loop recorders (ILR) currently
takes place almost exclusively intramurally in Austria
and dedicated resources are increasingly being ex-
hausted. In the case of purely antibradycardia CIED,
it is recommended that after implantation the system
be checked at least every 6 months or annually for the
first 3 years, thereafter every 6 months and at even
shorter intervals, if required, or when the battery is
nearing the end of its life. The follow-up intervals
for other implantable systems are usually 3 months
from implantation or even less if necessary. Since the
life-prolonging effect of CIED treatment is obvious,
this also means a constant increase in the number of
affected patients and, thus, the amount of follow-up
care required [17].

Another problem is that in the interval between two
follow-up appointments device or electrode malfunc-
tions or a deterioration in the patient’s condition can
occur, which are only detected at the next check-up
unless acute inpatient treatment is required. On the
other hand, completely correct device function is di-
agnosed during the vast majority of routine checks
in the outpatient department, where the patient is in
good clinical condition. Consequently, the implant
does not need to be reprogrammed and the therapy
does not need to be changed.

The use of TM in the ongoing care of patients with
CIED has already been realized in two different pro-
cesses. Telemedical follow-up is known as remote in-
terrogation (RI) and enables telemetric monitoring of
the implant outside a medical aftercare facility at spe-
cific scheduled times with transmission of data. The
data transfer can be initialized automatically or by pa-
tients themselves. The second procedure is RM of
the CIED, which includes a continuous (mostly daily)
query and forwarding of large amounts of patient-

related and device-related information, almost inde-
pendent of the patient’s assistance. In both cases, the
data are transmitted to a server and processed ac-
cordingly. The supervising healthcare practitioner can
subsequently view the results via the Internet.

Aftercare via RI or RM includes not only the trans-
mission of data on system integrity (e.g. battery sta-
tus, impedances and stimulation thresholds) but also
clinical data (heart rate, arrhythmia burden, patient
activity, therapies, etc.) and the automatic transmis-
sion of predefined alerts. In the case of unremark-
able information the systemmerely records but in the
case of predefined deviations from normal values no-
tification is additionally sent to the aftercare person-
nel. In the latter case, the closely meshed collection of
follow-up data must of course be analyzed promptly
and will have prespecified therapeutic consequences;
however, only a few studies have really examined the
effect of daily or weekly transmissions but instead of-
ten only those of semiannual transmissions, i.e. RI.
This can also explain the difference in study results.
In any case, this form of aftercare also leads to a sig-
nificant reduction in effort and expense, because the
conventional aftercare intervals can be extended, and
thus also to a reduction in the auxiliary costs for each
individual outpatient check-up, such as those for nec-
essary patient transport [18].

The RI and RM of patients with CIED requires an
additional extracorporeal transmission device that
communicates telemetrically with the implant. This
device retrieves the data from the CIED and transmits
them via telecommunication.

Pacemakers

For more than 60 years permanent PMs have been
improving and/or prolonging the life of patients with
severe bradycardia. In Austria, about 60,000 patients
have a PM, with about 8500 new devices being im-
planted every year. Accordingly, the number of neces-
sary outpatient implant follow-ups is also increasing.

Nearly all devices implanted today are suitable for
RI or RM; however, in contrast to CRT, the ESC has
not yet issued a class I recommendation for RM or RI
of PMs. In view of the constantly growing amount of
data regarding this technology, such a recommenda-
tion is to be expected in an update of the respective
guidelines planned for 2021 [19].

Data transmitted from a PM by RM or RI include
battery status, lead integrity and function, data on sig-
nal amplitudes and stimulation thresholds, and pa-
tient-related or disease-related information.

The fact that RM is a safe alternative to outpatient
follow-up care was already established in 2012 by the
COMPAS study. In that study 538 PM patients were
randomized to undergo RM or standard outpatient
aftercare. During a mean follow-up of 18 months it
was demonstrated that RM is safe and that it can sig-
nificantly reduce the number of outpatient follow-ups.
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Even in that study it was noteworthy that RM was able
to document more arrhythmias, and consequently PM
programming as well as the corresponding medica-
tion was adapted more frequently. Overall, RM signifi-
cantly reduced the number of unscheduled outpatient
follow-ups, hospitalizations and strokes [20].

The PREFER study that was previously conducted
in patients with single or dual chamber PM [21], pro-
duced similar findings. Even after 3 months RM de-
tected clinically relevant events, especially arrhyth-
mias, significantly more frequently than in the control
group. In addition, atrial high-rate episodes (AHRE)
associated with an increased rate of thromboembolic
complications were detected in 30–50% of patients
with CIED, with atrial fibrillation (AF) being the most
frequent form of arrhythmia.

At present it is not yet clear at which arrhythmia
burden anticoagulation should be initiated, given the
correct indications. Even arrhythmia duration of 6
min could increase the risk of stroke; AF lasting 3.8h
is apparently associated with a ninefold increase in
the risk of stroke in CRT patients [22]. With RM,
arrhythmias can be diagnosed much earlier and ap-
propriate therapy can be initiated, such as the deci-
sion to undergo antiarrhythmic therapy or ablation.
Whether early anticoagulation can actually reduce
thromboembolic events has been reported differently
by different studies.

Most studies on the use of TM in CIED follow-up
have involvedmixed cohorts of patients with PM, ICD,
CRT and CRT-D. Telemedical monitoring of the de-
vices and lead integrity was seen to be technically fea-
sible and safe. In the TRUST study, RM detected CIED
systemmalfunctions after 1 day on average, compared
to 5 days in the control group, and a significant 45%
reduction in outpatient follow-ups was achieved [18].
The less frequent outpatient follow-ups did not result
in an increase in mortality or stroke rate in this group.
The reduction in outpatient check-ups, which are usu-
ally conducted in a special outpatient clinic, not only
increase the quality of life for patients but also helps
reduce costs for the healthcare system.

The goal of TM is to customize the currently rec-
ommended aftercare intervals. For example, 6 months
might already be too long for some patients, while
other patients might not need to be checked that of-
ten. In order to adapt the follow-up intervals to the
particular patient’s current situation using RI or RM,
it must be ensured that all serious events are safely
recorded, which is indeed guaranteed according to the
current studies. Thanks to TM, outpatient follow-up
intervals for PM patients can thus be safely reduced.

The importance of detecting asymptomatic atrial
arrhythmias—especially AF—with a view to prevent-
ing stroke in patients with chronic heart failure (HF)
will be discussed again in the section “Cardiac resyn-
chronization therapy”.

The only leadless pacemaker (Micra™, Medtronic
Inc., Minneapolis, MN, USA) currently on the mar-

ket also permits telemedical follow-up. Since this
pacemaker is a single-chamber device implanted in
the right ventricle, it is just as unable to detect atrial
arrhythmias as conventional single-chamber pace-
makers with a lead implanted in the right ventricle
(VVI or VVIR devices); however, a leadless device from
the same family (Micra™ VDD) has already been
intensely tested and will be available in the coming
months. Recommendations for the follow-up of pa-
tients with an implanted PM utilizing telemedicine ar
provided in Table 1.

Cardiac resynchronization therapy

Cardiac resynchronization therapy (CRT) is one of
the established therapies for chronic HF and leads
to a significant reduction in morbidity and mortal-
ity [23]. In accordance with current guidelines, the
devices are monitored on an outpatient basis at in-
tervals of 3–6 months; however, all currently available
CRT systems are also suitable for telemedical follow-
up. This feature is not yet sufficiently used even
though it was designated a class I indication by the
Heart Rhythm Society (HRS) in its latest consensus
statement [24]. A recent study showed that only 47%
of patients with a CRT implant receive telemedical
aftercare, and this was only 8% after 1 year [25].

Telemedical monitoring by RM offers several ad-
vantages. Not only can the function of devices and
leads be checked, but also the patient’s clinical sta-
tus can be monitored using specific algorithms and
the possible occurrence of rhythm disturbances can
be monitored. This not only leads to a reduction in
costs due to the elimination of outpatient check-ups
but if applied consistently it can also reduce hospi-
tal stays and mortality [26]. In this connection the
EFFECT study showed a significant decrease in the
hospitalization rate (0.27 per year in the control group
vs. 0.16 per year in the RM group; risk reduction 0.59;
p= 0.0004) and in costs [27].

The results of the TRUST study with respect to
the reduction in unnecessary outpatient CIED check-
ups were also impressively confirmed for HF patients,
namely by the MORE Care study, where a 38% re-
duction in such check-ups and a significant decrease
in hospitalizations were observed in the RM group
[28]. These effects were also seen in patients with
advanced HF (NYHA class III/IV). At the same time,
RM was able to detect device-associated problems,
such as lead failure or premature battery depletion at
an earlier stage.

Currently, ICD and CRT patients are followed up at
6-month intervals in special outpatient departments
but by using RI or RM, outpatient follow-up intervals
were able to be adapted to the individual patient’s
needs or reduced.

HF is often associated with atrial fibrillation, and
both influence each other negatively. In patients with
a CRT system, newly occurring atrial fibrillation that
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Table 1 Recommendations for the follow-up care of patients with an implanted PM

Recommendations for the follow-up care of patients with an implanted PM

Patients with pacemakers should undergo outpatient follow-up and possibly reprogramming 3 months after implantation. After that check-ups should be per-
formed telemedically. Since only one study to date has investigated exclusively telemedical follow-up over the entire life of the device, an outpatient clinical
check-up should be performed at the center once a year in compliance with the current guidelines. When a battery becomes fatigued (recommended replace-
ment time, RRT), the center is informed by RM and the patient is then contacted by the center to arrange for an appointment for the generator to be replaced.

If atrial arrhythmias are detected with an episode duration of more than 6 min (for single-chamber devices with lead implantation in the atrium, AAI or AAIR
devices or dual-chamber devices, DDD or DDDR), the center is informed via RM. The patient is then contacted by the center and asked to either come in for an
outpatient check-up or to consult a specialist in private practice. The aim of the personal check-up is to further assess the risk of stroke and initiate preventive
measures, if needed (usually oral anticoagulation).

In the event of ventricular tachyarrhythmias (for single-chamber devices with lead implantation in the ventricle, VVI or VVIR devices or dual-chamber devices,
DDD or DDDR) with a duration defined for each particular patient by the center, the center is informed by RM. The patient is then contacted by the center and
asked to come in for an outpatient check-up. The goal is to further identify the patient’s personal risk for sudden cardiac death from persistent ventricular
arrhythmias and to initiate preventive steps.

If parameters identifying the technical integrity of the PM (battery voltage, stimulation impedance, automatic measurement of sensing or stimulation stimulus
threshold) show that target values have been surpassed or fallen short of, the center is informed by RM. After the center analyses of the situation, the patient
may be asked to come in for outpatient follow-up care.

AAI, AAIR, DDD, DDDR, VVI and VVIR depict generic pacemaker codes (see list of abbreviations)
PM pacemaker; RM remote monitoring; RRT recommended replacement time

without RM goes undetected can lead to a clinical
worsening of HF, an increase in the hospitalization
rate and the number of unnecessary ICD shocks, a de-
crease in biventricular stimulation and an increase in
stroke rate [22, 29]. These negative effects can poten-
tially be minimized by early detection of atrial fibrilla-
tion with RM. Furthermore, RM can also identify the
need for cardioversion or can show that the biven-
tricular stimulation level is reduced because of the
arrhythmia. The TRUST study showed that the time
from arrhythmia to diagnosis and treatment dropped
from 36 days to 1 day for ventricular fibrillation and
from 28 days to 1 day for ventricular tachycardia [18].
In the CONNECT study, the reaction time also de-
clined from 22 days to 4.6 days (p≤ 0.01) [30]. With
prompt evaluation of whether a therapy was effec-
tive and appropriate or inappropriate (e.g. T-wave
oversensing, magnetic interference, no ventricular ar-
rhythmias), the CIED can be reprogrammed in time, if
necessary. With RM the number of inappropriate and
appropriate shocks can be reduced and the battery life
of CRT-D devices can be extended compared to con-
ventional follow-up. In the ECOST study, not only was
the number of inappropriate shocks reduced by 52%
but also the resulting hospitalization rate due to in-
appropriate shocks was significantly reduced by 72%
[31].

HF is a major, steadily increasing health problem
and a major reason for hospitalization. The reason
underlying the high mortality rate is HF progression.
Therefore, early detection of the factors contributing
to this progression is desirable. Thus, RM used to
monitor HF can be particularly helpful in the manage-
ment of these patients. To assess the compensation
status in HF patients with CIED, various data from
device-specific parameters can be obtained telemet-
rically.

In CRT systems, data on how well the left ven-
tricular lead (stimulation level, stimulation threshold)
is functioning also provide important information on

the effectiveness of electrical therapy for HF. The de-
tection of atrial and ventricular tachyarrhythmias, the
percentage of biventricular stimulation and patient
activity can influence therapy. Nearly 100% biventric-
ular stimulation is essential for a patient’s response to
CRT. The INTIME study showed a reduction in the
worsening of HF symptoms from 27.2% in the control
group to 18.9% in the RM group (p= 0.013) [32].

Furthermore, the heart rate itself, as well as heart
rate variability, respiratory rate or thoracic impedance
can be used as surrogate parameters for HF sta-
tus. Thoracic impedance correlates closely with pul-
monary arterial occlusion pressure and can thus point
to impending cardiac decompensation; however, the
high rate of false positive alarms caused by such al-
gorithms appears to be problematic in the clinical
routine and, moreover, randomized studies showed
no survival benefit. The goal is therefore to combine
several sensors and measurement parameters in order
to overcome the limitations of a single sensor. A new
improved algorithm that also includes a low activity
level, a low biventricular stimulation rate and a high
nocturnal heart rate, would seem to increase the di-
agnostic value significantly [33]. Newer algorithms,
such as HeartLogicTM, attempt to achieve better de-
tection of HF events by combining several physiolog-
ical sensors (S1 and S3, respiratory rate, respiratory
volume, patient activity, thoracic impedance). The
MultiSENSE study showed a sensitivity of 70% [34],
and a large randomized study is currently underway
on this topic.

Data on the influence of RI or RM of CRT aggre-
gates on mortality differ. While MORE-CRT [35] and
REFORM [36] did not show a significant survival bene-
fit, other studies have shown a clear reduction in mor-
tality [18, 21, 28, 32]. The ALTITUDE study showed
a 50% reduction in mortality after 1 and 5 years, with
the lowest mortality risk seen when clinical factors
such as weight and blood pressure were also analyzed
[37]. In a prospective registry, the 1-year mortality in
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Table 2 Recommendations for the follow-up care of patients with implanted CRT systems

Recommendations for follow-up care of patients with implanted CRT systems

In HF patients with a CRT-P or CRT-D system, RM should be considered during implant follow-up in order to reduce clinical endpoints

For patients with a CRT-P or CRT-D system with RM, the outpatient follow-up interval can be tailored to the individual patient; however, as long as no long-term
data are available on exclusively telemedical aftercare over the entire battery life, annual outpatient checks should be recommended

CRT-P cardiac resynchronization therapy (pacing only); CRT-D cardiac resynchronization therapy with defibrillator back-up; RM remote monitoring

the telemedically monitored group was significantly
lower than in the control group (2.1% vs. 11.5%) and
this effect was maintained at 3 years (4.9% vs. 22.3%)
[38]. Prompt initiation of RM (median 4 weeks after
implantation) is evidently associated with lower mor-
tality than is starting at a later time [39].

In a recent meta-analysis of seven randomized
studies (4932 ICD/CRT-D patients with a follow-up
of 12–24 months) Parthiban et al. showed that there
was no difference in all-cause mortality between pa-
tients undergoing conventional or telemedical follow-
up (odds ratio, OR= 0.83; 0.58–1.17). A comparison
of the TM systems RI vs. RM, however, showed that
RM systems, i.e. with daily transmission, led to a sig-
nificant reduction in all-cause mortality (OR= 0.65)
([40]. Concerning to the follow-up of patients with
implanted CRT devices respective recommendations
are summarized in Table 2.

Implantable cardioverters defibrillators

The telemedical aftercare of implantable cardioverter
defibrillators (ICD) differs only slightly from that of
PM or CRT devices. With the ICD, in addition to the
battery status and the stimulation components, clas-
sical lead function parameters (stimulation threshold,
stimulation impedance, sensing) are also automati-
cally monitored and the data transmitted. In the case
of ICD systems with an atrial lead, not only ventric-
ular but also atrial arrhythmias can be detected and
stored, depending on the programming. The evalu-
ation of detailed frequency histograms in follow-up
care provides reliable information on the long-term
course of the disease. In the case of ICDs, the follow-
ing device-specific measurements are also evaluated:

� shock impedance (integrity of the ICD shock coil)
� intracardiac electrograms (IEGM) of ventricular ar-

rhythmias treated with shock or antitachycardia
pacing (ATP)

� IEGM of untreated ventricular tachycardias stored
in a monitor-only zone.

Telemedical follow-up is also possible for subcuta-
neously implanted ICD (S-ICD), although fewer pa-
rameters are available here. Technical or rhythmolog-
ical abnormalities that prompt alerts in the case of
S-ICD are:

� ERI reached (low battery voltage)
� shock impedance outside the normal values
� recording of an ECG recorded during a shock

� atrial fibrillation episodes lasting more than 6 min
in the AF monitor

If a telemedical report of delivered shocks or ATPs is
received by the center, a manual check by the attend-
ing healthcare practitioner is recommended indepen-
dent of the device, which can at least be carried out as
a telephone visit with the patient. Using the IEGMs or
ECGs, a decision must be made on whether therapy
is adequate or inadequate and whether reprogram-
ming or other therapy options (medication or abla-
tion) need to be initiated.

For all ICD devices, technical abnormalities and
thus the increased risk of inadequate shocks mean
the patient urgently requires a check-up in the after-
care center, while for some arrhythmia-related alerts
a therapy recommendation can also be made by tele-
phone (e.g. increasing the dose of antiarrhythmic
drugs).

For ICD patients under close TM care, personal out-
patient checks can be performed at longer intervals.
The latest HRS expert consensus recommends an an-
nual check-up in this connection [24]. In light of the
recent randomized RM-ALONE study, pure RM should
even be strived for in telemedical centers providing
intensive care for patients with S-ICD or with ICDs
without CRT function for 2 years after implantation
[41]. In this case, patients will only be asked to come
in to the center for a personal check-up if there are
technical or arrhythmic abnormalities.

Loop recorder

Implantable loop recorders (ILR) are indicated for di-
agnostic purposes in various clinical situations [42]:

� unexplained and infrequent syncope
� palpitations
� cryptogenic stroke
� management of ventricular arrhythmias in arrhyth-

mogenic cardiomyopathies or channelopathies
� atrial fibrillation burden before and after ablation

Even after myocardial infarction, a high incidence of
bradycardia and tachycardia was detected by means
of ILR [43]. The first generation of ILR was used to
work up primarily unexplained syncope [44]. Later,
it was also used to detect atrial fibrillation in single-
channel ECG analysis [45] as well as for telemedical
follow-up. The latest generation of ILRs, which have
meanwhile been miniaturized, offers automated RM
[46] and improved analysis of atrial fibrillation [47].
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The insertion of an ILR is therefore currently a class I
indication for primarily unexplained syncope [48], as
well as a class IIa indication for cryptogenic stroke
[49].

Even in 2015 the HRS classified the telemedical
follow-up of an ILR as an expert consensus class I
indication (level C) [24]. A recent study supported
this expert opinion [50]. In 154 patients (mean age
63 years) with ILRs for various indications followed
during a 12-month period, a diagnosis was made in
99 patients (64%) and therapy (oral anticoagulation,
pacemaker/ICD implantation, electrophysiological
examination/ablation, antiarrhythmic therapy) pre-
scribed in 60 patients (39%). In 26 of these 60 patients,
this therapy decision was made with TM and with-
out symptoms 2.4 days after detection in contrast
to 3.8 months if the patient had appeared for the
scheduled semi-annual check-up.

In contrast to other CIEDs, there are currently no
randomized studies involving telemedical aftercare.
For this reason, the data from the currently ongo-
ing BIO/GUARD-MI study will be interesting. In this
study, patients after myocardial infarction (acute or
chronic) with an ejection fraction >35%, a CHADS-
VASc score ≥4 (≥5 in women) and with no known atrial
or ventricular arrhythmias will be enrolled and ran-
domized for daily automatic telemedical follow-up or
conventional check-up [51].

Thus, automatic daily telemedical follow-up is also
beneficial and clinically useful for ILRs regardless of
the indication, even if expert consensus currently des-
ignates this only as a class I indication.

From the available evidence, the following assess-
ment can therefore be made for daily practice with all
CIEDs:

RM and RI care is appropriate in the treatment and
care of patients with CIED and does not exceed what
is necessary and justified.

Intramural standard operating procedures (SOP)
for RI and RM

(Figs. 1 and 2)

Heart failure

Chronic HF is an epidemiologically significant disease
with a prevalence of 1–2% in the general population.
Due to epidemiological changes resulting from the ag-
ing population and improved options in acute cardi-
ological care, the prevalence of HF is expected to in-
crease exponentially over the next decades [52]. At the
same time, the complexity of the disease will increase,
not least of all because of the frequency of concomi-
tant diseases, especially in older patients. Despite im-
portant progress in treatment, morbidity and mortal-
ity remain very high. The high event rate and espe-
cially repeated hospital admissions for worsening HF

are associated with enormously high costs and a clear
reduction in quality of life.

HF therapy calls for interdisciplinary, integrated
treatment throughout the course of the disease in the
sense of a multidisciplinary management program
and not episodic care. The transitions at the interfaces
from intramural to extramural and to the healthcare
practitioner in the extramural sector should be as
seamless as possible. Care programs conducted by
multidisciplinary teams can prevent acute events and
thus considerably improve the reality of care. Mul-
tidisciplinary care not only includes optimal therapy
for the disease, but also disease-specific training of
patients to improve adherence and self-monitoring.

In the meantime, there is sufficient evidence for the
feasibility and effectiveness of TM in the care of HF
patients. Of the main fields of digital cardiology de-
fined by the ESC in 2016 [53] at least three are directly
applicable to HF:

1. telemedical care concepts (including RM)
2. mobile health applications (mHealth) including ap-

plications (apps)
3. personalized health applications (pHealth) includ-

ing portable or implanted sensors

These applications can support exchanges between
the various healthcare practitioners (“doc2doc”) as
well as direct communication between the patient
and the treating physicians (“doc2patient”). The for-
mer enables an exchange between remote medical
professionals, while the latter enables a direct con-
nection between the healthcare practitioner and the
patient in the home environment by means of infor-
mation and communication media.

1. Telemedical care concepts (including RM)

The telemedically supported care of patients with
chronic HF is embedded in a holistic outpatient care
concept using RM, which comprises various pillars:

Sensor-based measurements of physiologic param-
eters are transferred from the patient’s home and an-
alyzed by medical personnel. If predefined limits are
not adhered to, escalating counter-steps can be initi-
ated. Likewise, information on the patient’s current
state of health and therapy compliance can be ob-
tained. Training by the nursing staff takes place at the
patient’s home. The attending physician can use the
telemetrically obtained data to facilitate and speed up
optimization of therapy in order to achieve the guide-
line-based HF treatment.

Various prerequisites are given for the technical im-
plementation of RM:

The noninvasive (e.g. scales, blood pressure ma-
chine) or invasive (e.g. pacemaker and/or ICD sys-
tems, CardioMems™, Abbott Inc., Plymouth, MN,
USA) measuring devices must be available in the
patient’s home. A device for data transmission (e.g.
a specially configured smartphone) is also needed.
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Fig. 1 SOP for patients
with CIED

The pa�ent signs a contract with the manufacturer or the outpa�ent clinic

↓

These contracts state that this is not a "24-hour emergency system" (i.e. electronic data will be 
retrieved and care provided on normal working days during outpa�ent clinic hours) and that 
telemedical care can be discon�nued at any �me.

↓

At the same �me, the pa�ent and the outpa�ent clinic personnel agree on the mode of contact in 
the event of any technical or medical problems (e.g. telephone number(s) of the pa�ent and/or a 
rela�ve) and document these in a documented manner (hospital documenta�on system).

↓

The pa�ent is instructed by the manufacturer (alterna�vely by the nursing or technical staff of the 
outpa�ent clinic) how to use the telemedical home device ("modem").

↓

The Internet-based telemedicine portals of the respec�ve manufacturer are logged into in the early 
morning at the beginning of the outpa�ent clinic hours.

↓

The telemedical system is scanned and conspicuous reports are read (and printed out, if necessary) 
by the nursing or technical personnel of the PM and/or ICD outpa�ent clinic.

↓

Conspicuous reports are interpreted and further diagnos�c and/or therapeu�c consequences are 
determined by the medical staff of the outpa�ent clinic.

↓

The pa�ent may be contacted and asked to come to the outpa�ent clinic either by the medical, 
nursing or technical staff; this request is documented (HIS).

↓

If the pa�ent cannot be reached, she or he will be sent a le�er with a request to come to the 
outpa�ent clinic.

Fig. 2 SOP for patients
with ILR and syncope or
cryptogenic stroke (ESUS)

A�er the ILR is inserted, the contract is signed and the pa�ent is instructed how to use the 
telemedical a�ercare (via modem or app). Manufacturer contact details are given to the pa�ent in 
case there are any technical problems.

↓

Contact data (telephone number of the pa�ent and/or rela�ve) are entered in the documenta�on 
system (HIS).

↓

The pa�ent is discharged with no appointment for an outpa�ent check-up.

↓

A�ercare is exclusively telemedical or symptom-oriented. In the case of a syncopal relapse, the 
pa�ent is requested to contact the outpa�ent clinic.

↓

The pa�ent is contacted by the center if a relevant rhythm disturbance is documented or when the 
ba�ery is close to exhaustion.

↓

If there has been no contact, the pa�ent is no�fied once a year about the func�onal status of the 
implant.

↓

The device manufacturer is to be contacted in the event of technical problems.
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The IT infrastructure is located at the medical service
provider. Encrypted data transmission between the
healthcare practitioner and the patient and vice versa
must be guaranteed to comply with data protection
regulations (see Table 3).

Integration of TM in the care of the HF patient is
possible in different settings:

RM via web-based data access by the supervising
healthcare practitioner
The patient sends the digital datasets to a web-based
electronic patient file. The healthcare practitioner an-
alyzes the data and, depending on the relevance and
urgency of the data not conforming to the predefined
limits, reacts by contacting the patient directly and
initiating any necessary therapy steps (e.g. increas-
ing the dose of diuretic) or, if necessary, referral to
a hospital. HerzMobil Tirol and HerzMobil Steiermark
[54–57], which have already become part of the stan-
dard care system, are prototypical for this care struc-
ture. It is explicitly pointed out that the RM systems
are not designed or approved for emergency care.

Telemedically supported care by a TM center (TMC)
staffed by specialist physicians
The patient’s vital signs data are transmitted to a TMC
that is manned by specialists around the clock every
day of the week. The electronic patient file contains
all important medical reports concerning the patient.
If the patient’s condition worsens the TMC undertakes
direct interventions, which are usually coordinated
with the attending physician. During the night or on
weekends, the medical staff of the TMC can react di-
rectly without contacting the attending physician. The
effectiveness of this care system was demonstrated in
the randomized, multicenter TIM-HF2 study. With
1538 HF patients enrolled, the primary endpoint (days
lost due to unplanned cardiovascular hospitalization
and death from any cause) in the 1-year follow-up
showed a significant advantage for patients in the RM
group over the conventionally managed control group
(HR= 0.80, p=0.046). Similarly, the overall mortality
rate of 7.9 per 100 person-years was significantly lower
in the RM group than in the control group (11.3 per
100 person-years, hazard ratio, HR= 0.70; p= 0.028).
These findings were achieved regardless of whether
the patient lived in a structurally weak rural area or
in a metropolitan region. RM is thus also suitable
for compensating regional differences in care between
town and country and for realizing an overall improve-
ment in the quality of care [58].

RM through a medical call center
Data collected from the patients are transferred to
a call center, where patient-specific threshold values
are stored in the patient’s electronic file. In the event
that threshold values are exceeded, the call center for-
wards the information to the treating healthcare prac-

titioner, who decides on any necessary diagnostic or
therapeutic consequences.

The effect of various RM interventions on individ-
ual clinical endpoints has been investigated repeat-
edly, but the results were very inconsistent. A meta-
analysis from a Cochrane review concluded that RM
reduced all-cause mortality by 20% and HF hospital-
izations by 30% [59]. The Heart Failure Association of
the ESC (HFA) recommends that home telemonitoring
be considered to reduce hospital admissions for car-
diovascular and HF reasons as well as cardiovascular
deaths: this corresponds to a class IIb recommenda-
tion. The care concept should be used synergistically
with existing structures and should not function en-
tirely impersonally. In addition, a good cost-benefit
ratio is also recommended [60].

TM must be used sensibly, which is why goals, re-
sponsibilities, time and action structures must be ex-
plicitly defined in each individual area.

2. Mobile health applications (mHealth) including
applications (apps)

An example of mHealth in HF management is the
website www.heartfailurematters.org of the HFA,
which is available free of charge in several languages.
The e-VitaHF study investigated the effect of using
this website versus a dedicated interactive platform
(e-Vita) for disease management including RM and
knowledge transfer versus conventional therapy in 450
patients after 1:1:1 randomization. After 3 months the
intensely managed groups showed a greater ability to
help themselves, as measured by the European heart
failure self-care behavior scale (EHFScB), but this
advantage was no longer detectable after 12 months
[61].

3. Personalized health applications (pHealth)

The implantation of a wireless pressure sensor
(CardioMemsTM) in the pulmonary artery allows
continuous hemodynamic monitoring of pulmonary
artery pressure. The prospective, randomized
CHAMPION study conducted in in 550 NYHA III
patients investigated the effect of using pulmonary
artery pressure to steer therapy and demonstrated
a significant reduction in HF-related hospitalizations
[62]. The option to use RM for this new form of hemo-
dynamic monitoring of HF patients was included in
the ESC HF guidelines as a class IIb recommendation
for recently hospitalized patients to reduce further
hospitalizations and is one of the first pHealth appli-
cations for HF [23].

4. Future developments

In future, data collected by RM can be used not only
for direct intervention in the event that clinical param-
eters are exceeded but also for the creation of thera-
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Table 3 Recommendations for TM in the management of HF

Recommendations for TM in the management of HF

In order to reduce hospitalizations for cardiovascular and HF reasons as well as cardiovascular deaths, RM can be considered for HF management (class IIb
recommendation of the Heart Failure Association of ESC and the Working Group Heart Failure of the Austrian Cardiological Society [64])

TM care concepts should be used synergistically with existing structures, i.e. be embedded in an integrated care program

Alternatively, telemedically supported care offered by a TMC staffed with specialist physicians or by a medical call center is conceivable

mHealth applications including smartphone applications (apps) and web-based training offers, such as the website www.heartfailurematters.org, provide knowl-
edge transfer to promote patient self-management and should therefore be available to every suitable HF patient

HF heart failure; RM remote monitoring, TM telemedicine; TMC telemedical center

peutic aids for healthcare practitioners by means of
artificial intelligence (AI). Two models are given as ex-
amples:

1. Create prediction models for early detection of
disease progression. This is intended to provide
healthcare practitioners with a means of detecting
unfavorable developments in individual patients at
an early stage and in order to take countermeasures
in good time.

2. Draw up an algorithm that assesses how well the
current therapy adheres to guidelines and also
presents it, for example, in the form of a traffic light
system. This is intended to alert healthcare prac-
titioners to therapy options that have not yet been
exhausted and thus ensure continuous therapy op-
timization.

At HerzMobil Tirol these fields of application are cur-
rently the subject of intense research and their use in
everyday clinical practice is already foreseeable [63]

Telerehabilitation

Although rehabilitation following an acute cardiac
event, cardiac surgery or other intervention in the
cardiovascular system (CR) has been shown to have
a positive effect on morbidity and mortality [65, 66],
the implementation of rehabilitation remains remark-
ably low worldwide. In Europe, fewer than 50% of
all patients participate in cardiac rehabilitation (CR)
following a cardiac event (ACS including myocardial
infarction, aortocoronary bypass grafting, percuta-
neous coronary intervention, and others), and CR for
primary prevention is practically nonexistent [67]. In
Austria, the percentage of patients undergoing CR
after myocardial infarction was as modest as 40% in
2013/2014 and clearly less than 10% after hospital-
ization for acute HF [68], even though the prevalence
of HF is as high in Austria as elsewhere in Europe.
Reasons for this, as given in the international litera-
ture, include too low referral rates, long distance to
the next appropriate CR facility, and various other
patient-related, occupational or social problems [69].

Furthermore, it is general knowledge that the per-
sonal improvements in lifestyle, risk factors, adher-
ence to therapy, and regular physical fitness achieved
during CR are not sustained after CR, but largely fade
away within a year after CR completion [70]. Future

additions or alternatives to existing CR should there-
fore not only help improve access to CR, but also be
able to maintain or even expand the primary improve-
ments in the relevant parameters mentioned above
over a longer period of time [71].

Over the last decade, technologies for telediagno-
sis and teleintervention have experienced exponential
growth, paving the way for the development of CTR.
The services offered under this title are extremely di-
verse and include evaluation, assessment, monitoring,
prevention, intervention, supervision, training, coun-
seling and coaching. All these things have no formal
structure and data exchange takes place in a variety
of ways, such as by telephone, text message, e-mail,
or by means of multimodal systems such as videocon-
ferencing (VC) or web-based platforms [72]. It should
be noted, however, that according to the provisions of
the Austrian Health Telematics Act 2012, data trans-
mission via telephone, SMS and e-mail is only secure
when it can be guaranteed that sender and recipient
are clearly identified and that data transmission goes
through protected channels. For e-mails, encrypted
data transmission and a qualified signature are re-
quired.

The study groups largely investigated to date by
means of CTR included patients with coronary heart
disease (CHD) or HF. Several randomized controlled
trials have demonstrated an additional positive effect
of cardiac CTR when added to conventional CR [73,
74]. Various communication technologies are used:
telecoaching to increase adherence to therapy when
necessary, and fitness plans and suggestions for more
physical activity are offered that are tailored to the
patient and patient needs [71]. Frederix et al. im-
pressively demonstrated that a 1-year CTR program
conducted in addition to the standard CR reduces the
number of follow-up hospital admissions and is cost-
effective [75]; however, completely replacing conven-
tional phase II CR with CTR does not appear to be
advantageous at this time.

A particularly interesting field of application is TR
in HF. Since the current ESC guidelines for the treat-
ment of this disease include regular aerobic training
to improve functional capacity and symptoms, as well
as long-term care of the patient in a multidisciplinary
disease management program (DMP) as a class I A
therapy recommendation [23], it is obvious that CR
in HF should also be included in a DMP in order

K Recommendations on the utilization of telemedicine in cardiology

http://www.heartfailurematters.org


position paper

to optimize neurohumoral therapy under controlled
conditions, establish cardiovascular training of the pa-
tient and provide a customized long-term exercise and
training program. Since this may require a longer pe-
riod of time, CTR can be seen to be cost-effective and
at least equally effective, if not superior.

In a recent study by Hwang et al., patients with sta-
ble HF were treated with VC over 12 weeks as part of
a real-time telemonitored training program supple-
mented by appropriate VC training, and the results
were compared with those for conventional ambula-
tory CR. Here, too, it was impressively demonstrated
that with respect to clinical endpoints the same im-
provements can be achieved with CTR, but at a clearly
lower cost. In addition, CTR was more attractive for
patients and was associated with fewer adverse side-
effects [76]. This study also essentially confirmed the
results of similar earlier studies, although it should
be noted that the aim of those projects was primar-
ily to provide integrated medical care for HF patients
[77, 78] and that RM, as an essential part of CTR, re-
vealed the advantages of TM-supported treatment as
a secondary aspect. In a study published in 2018, it
was also shown that weekly televisits and daily RM
of vital parameters provided alone after hospitaliza-
tion are well-suited to reduce unplanned emergency
admissions for decompensated HF and the length of
hospital stays, as well as to improve patients’ quality
of life. Furthermore, a trend to reduced costs per case
was observed [79]. Within the framework of HerzMo-
bil Tirol, the concept of cardiac telerehabilitation for
patients with cardiac insufficiency is currently being
evaluated in the form of a pilot project in cooperation
with the Austrian Pension Insurance Institution and
readied for routine use.

Another, relatively new CTR concept is provided by
the so-called expanded rehabilitation/aftercare pro-
grams (ERAP), which can be seen as a transition from
the short-term offers in the framework of traditional
CR to support in the daily life of the patients [80].
The advantage of such programs is that if rehabilita-
tion success is limited but rehabilitation potential is
still given, instead of extending conventional CR with
all its ensuing costs, treatment can be continued in
the patient’s home with fitness therapy, education and
counseling. A further positive aspect of this approach
is that R targets already achieved can be further con-
solidated or maintained in the long term. A Swedish
study also showed that such a patient-centered after-
care intervention over a total of 6 months also im-
proves the rate of return to work [81].

Although for the time being such programs are of-
fered only sporadically throughout Europe, persons
who previously participated in rehabilitation and in
particular who are now back at work could benefit
from telemedical support within the framework of an
ERAP, in that time-consuming travel to and from re-
habilitation is no longer necessary and the patient no
longer has to adhere to the office and therapy hours

of the healthcare practitioner, all of which hinder the
pursuit of a profession alongside CR. This concept is
thus a promising addition to phase III CR, has already
proven to be effective and cost-efficient on several oc-
casions and increases the degree to which patients
accept and use therapy as well as their therapy ad-
herence ([73]; Recommendations based on the above
mentioned findings are given in Table 4.

Legal aspects of cardiological telemedicine

The breathtaking progress of new technologies in
electronic communication, including digitalization
and AI, has long since taken a firm grip on medicine.
Not surprisingly, this also gives rise to legal questions,
some of which will be briefly discussed here.

Based on the principle of the immediacy of the
practice of medicine contained in the Austrian Physi-
cians Act, it has been argued for decades that this
completely rules out distance or remote treatment for
clinical disciplines. In actual fact, however, the Aus-
trian Physicians Act does not contain any provision
from which a generally valid face to face requirement
can be derived. Rather, limits may instead result from
the fact that the physician must comply with the state
of the art of medicine to safeguard the well-being of
the patient. If telemedicine safeguards the patient’s
well-being in the same manner, no legal objection
can be raised against its use. Contrarily, the situa-
tion would be different if telemedicine entailed greater
risks for the patient, the causes of which could be
manifold (e.g. system failure, transmission errors, the
patient’s care is not guaranteed in the event of a sud-
den incident because the responsible specialist is not
available, a full battery of diagnostics requires direct
contact with the treating physician). It should also be
pointed out how important it is for therapists to pro-
vide full information to patients, as many cases may
have different advantages and disadvantages that play
a decisive role in the patient’s decision to grant or
withhold consent.

If patients are cared for by telemedical means in
such a way that they are to treat themselves (e.g. regu-
larly collect important data and subsequently transmit
these electronically, e.g. to the attending physician or
the clinic providing treatment), then the information
provided to the patient by a therapist is also of partic-
ular importance in this respect. It is necessary to train
the patient beforehand and to ensure that the patient,
alone or with the support of nonmedical personnel,
is able to follow instructions correctly and at the right
time, as well as to transmit the data without technical
problems.

It should also be pointed out that it is possible
to optimize treatment by obtaining a second opinion
(teleconsultation, remote diagnosis). Also to be men-
tioned are the opportunities for using telemedicine
for cooperation between physicians and nursing staff,
especially in extramural care.
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Table 4 Recommendations for cardiac telerehabilitation

Recommendations for cardiac telerehabilitation

CTR should above all be used to enable ERAP for as many patients as possible, regardless of their location, mobility or any occupational obstacles. It should be
seen as a novel alternative to phase III CR following a cardiac event or cardiac surgery/intervention

CTR has a positive effect on the sustainability of previously completed conventional CR and should therefore be offered especially to patients, who for various
reasons are unable to maintain a healthy lifestyle, sufficient therapy adherence and regular exercise at home

CTR should be integrated in an appropriate DMP as part of HF management

Given the current state of knowledge, CTR is not recommended as a general replacement for inpatient or outpatient phase II CR, but may be considered an
alternative for patients who for whatever reasons are unable to participate in conventional rehabilitation and when a sufficient time has elapsed since the index
event

In addition to phase III CR, CTR concepts for life-long home-based CTR (phase IV) in the long-term course of chronic cardiovascular disease should be devel-
oped

Methodologically, CTR should be based on telephone contacts, videoconferencing, tele-education, telemedically monitored and instructed training and the use
of suitable apps for daily recording of essential parameters

CR cardiac rehabilitation; CTR cardiac telerehabilitation; DMP disease management program; ERAP expanded rehabilitation/aftercare program

In general, it goes almost without saying that in ad-
dition to the laws governing the medical profession,
it is necessary to comply with all legal requirements
in the field of data security (see in Austria the Health
Telematics Act, GTelG 2012) as well as the Data Protec-
tion Act (including GDPR) and the Medicinal Products
Act, for example also when using health-related apps.

Revolutionary developments such as the use of ar-
tificial intelligence mentioned above will in future give
rise to the question to what extent physicians, with-
out incurring any legal risks, can decide not to follow
a recommendation that was generated by a computer
from millions of data, but instead to act according to
their personal professional experience. In any case,
legal uncertainty should be avoided.

Technical framework for telemedical CIED
aftercare in Austria

The telemedical care of patients with implanted car-
diac devices requires unidirectional, regular and fault-
tolerant data communication from the implanted de-
vice to the treating healthcare practitioner. Of cen-
tral and critical importance is the interoperability be-
tween the CIEDs of different manufacturers and the
IT systems of electronic medical records in the outpa-
tient or inpatient care model.

International and national standardization initia-
tives and standards define framework conditions for
interoperability on an organizational, legal, semantic
and technical level [6, 82]. The HRS also recommends
fully integrated electronic data transfer from the CIED
manufacturer to the treating healthcare practitioner
and the patients, because it can be expected to bring
advantages for all parties involved [83, 84].

The basic principles, definitions and essential con-
cepts of interoperability are described at the Euro-
pean level in the document “European Interoperabil-
ity Framework—Implementation Strategy” [85]. In-
teroperability is defined as the ability of organiza-
tions to work together to achieve mutually benefi-
cial goals by exchanging information and knowledge
about business processes and data sharing through

IT systems. In this way, principles and recommenda-
tions are established that serve to implement interop-
erability. Concrete specifications are available at the
European level that are already being implemented
for the cross-border exchange of patient summaries
and e-medication [86, 87].

Of the 12 principles of European interoperability
listed, openness, transparency, data portability, user
centricity, security, data protection and administrative
simplification are of particular importance in the field
of telemedicine [85]. The recommendations state that
national frameworks and strategies must be aligned
with the European recommendations and that exten-
sions and special features can be taken into account
in the national context, as needed. In addition, they
require that data portability be ensured and that data
can be transferred easily between systems and appli-
cations without unjustified restrictions, taking legal
requirements into account.

At the national level in Austria, basic requirements
for the IT architecture for telemonitoring of implanted
cardiac devices are defined in the “Framework Direc-
tive for the IT Infrastructure for the Use of Telemon-
itoring” of the Ministry of Health [88]. This frame-
work directive also explicitly describes implant after-
care. In connection with this framework, Fig. 3 shows
a schematic diagram of IT architecture for telemoni-
toring of implanted cardiac devices. The data transfer
is performed in a standardized way for measured data
from telemonitoring as well as for data resulting from
implantation of the devices (e.g. operation report,
pacemaker ID) via non-directional (e.g. ELGA) or di-
rectional communication channels (e.g. DAME, Medi-
calNet) to the treating physicians and other healthcare
practitioners.

The legally compulsory entries in the implant reg-
istry could also be made with automation technology
immediately after implantation. This would reduce
the effort required for reporting to the registry and
clearly increase the data quality of the implant registry
through daily updates with complete information.

In the healthcare sector, interoperability is being
developed internationally by the non-profit organiza-
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Fig. 3 IT architecture adapted for telemonitoring of im-
planted cardiac devices. Data transmission from the implant
to the patient device (interface A) and further to the manufac-
turer’s IT infrastructure (interface B) is the responsibility of the
medical device manufacturer. From the manufacturer’s IT in-

frastructure, the implant data are transferred via the standard-
ized interface 3 to the technology platform (TP). From TP on
to the healthcare professional identical existing interfaces (4,
5) for delivery and retrievement of medical reports to and from
ELGA are used

tion Health Level Seven International (HL7) with cer-
tified ANSI standards and readied for national imple-
mentation. HL7 was founded in 1987 with the aim
of developing basic structures (frameworks) and stan-
dards for the exchange, integration, retrieval and for-
warding of electronic health data to enable the provi-
sion of healthcare in clinical practice and the evalua-
tion of health systems. In Austria, HL7 has been rep-

Table 5 Telemonitoring systems of cardiac implantable devices available in Austria (sorted by EU market release)

Manufacturer Abbott Biotronik Boston Scientific Medtronic Microport

Designation Merlin.net Home Monitoring Latitude CareLink SmartView

Market release EU 2008 2001 2008 2007 2012

Patient gateway Merlin@home transmitter/
myMerlin app via Bluetooth

Cardio messenger Latitude Communicator CareLink Monitor/
Smartphone with Blue-
tooth

SmartView Monitor

Data transfer Fixed time/on occurrence of
events

Daily/on occur-
rence of events

Fixed time/on occurrence
of events

Fixed time/on occurrence
of events

Fixed time/on occur-
rence of events

Integration of other
devices

n. a. n. a. Weight scale, Blood pres-
sure measuring device

n. a. n. a.

Integration of after-
care attendance

Yes Yes No No No

Integration in EHR ISO 11073-10103 ISO 11073-10103 ISO 11073-10103 ISO 11073-10103 ISO 11073-10103

EHR Electronic health record

resented since 2007 by the non-profit association HL7
Austria, whose purpose is to improve electronic data
communication and interoperability in the healthcare
sector by means of HL7’s international standards. HL7
Austria adapts the HL7 standards to the conditions of
the Austrian healthcare system and defines national
standards such as CDA implementation guidelines.
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Interface A from the implanted device to the pa-
tient device and interface B from the patient device
to the IT infrastructure of the device manufacturer
in Fig. 3 are the responsibility of the manufacturer
of these medical devices. Due to backward compat-
ibility and the great effort required to develop new
medical devices, it is neither necessary nor does it
make sense technically to provide standardized com-
munication protocols for this purpose. This will most
likely not change in the medium term either; how-
ever, standardized IT interfaces are already strongly
recommended for interface 3. The international stan-
dard ISO/IEEE 11073-10103, which defines the ter-
minology for pacemakers, ICD and CRT systems and
implantable monitors, is particularly noteworthy [89].
This terminology enables semantically structured data
transfer from the manufacturer-specific ICT system to
the electronic medical history.

For telemonitoring of data from CIED, the IT stan-
dards mentioned in the Telemonitoring Framework
Directive are recommended [88]. Development in this
area is very dynamic and it is strongly recommended
that further development of the IT standards be per-
formed jointly with the user organizations and the
representatives of the manufacturers in Austria as well
as with the international partner organizations, above
all HL7, IEEE, PCHA, IHE, ESC, HRS, and the associa-
tions representing the device manufacturers in Austria
(AustroMed) and in Europe (MedTech Europe) (Ta-
ble 5). It is also recommended that this cooperation
be sustainable for the longer term. For this purpose,
sufficient resources and structures are to be provided
in order to include all interested parties concerned
(e.g. physicians and other healthcare practitioners,
device manufacturers, standardization organizations,
ELGA).

Economic aspects of telemonitoring—benefits
for the healthcare system

Of course, any assessment of a new technology today
must also include its economic benefit. Already in
2015, the European Health Economic Trial on Home
Monitoring in ICD patients attempted to show the
impact on costs and net financial impact in five Eu-
ropean countries [90]. For this purpose, 312 VVI or
DDD-ICD patients were randomly assigned to receive
care with or without telemonitoring and a clear differ-
ence was shown in how both groups used resources.
Patients with RM required significantly fewer outpa-
tient check-ups (3.79± 1.67 vs. 5.53± 2.32; p< 0.001),
numerically fewer hospital admissions (0.67± 1.18
vs. 0.85± 1.43; p< 0.23) and shorter hospital stays
(6.31± 15.5 days vs. 8.26± 18.6 days; p< 0.27). From
the perspective of the providers (physicians and hos-
pitals), the expenditures for patient follow-up were
similar, with the total cost per patient being nu-
merically (not significantly) lower. The net financial
impact did not differ between the two groups.

In 2016, the Health Economics Committee of
the European Heart Rhythm Association published
a meta-analysis of randomized controlled studies on
telemonitoring of implantable cardiac electronic de-
vices and their effect on use of the healthcare system
[91]. This analysis of 11 studies showed that RM led
to a significant reduction in patient contacts (RR=0.6;
95% CI= 0.43–0.73, p< 0.001) at similar rates of hos-
pitalization. The total costs for patient care were
reduced by 10–55% with RM.

Another meta-analysis looked at the largest ran-
domized controlled trials for RM of ICD patients: IN-
TIME, ECOST and TRUST [92]. This meta-analysis of
more than 2400 patients showed RM to bring an ab-
solute mortality reduction of 1.9% (95% CI= 0.1–3.8%;
p= 0.037) after 1 year, as well as a reduction in the
combined endpoint mortality from any cause or hos-
pitalization for HF of 5.6% (p= 0.007; RR=0.64). An
economic analysis has not yet been conducted, but
especially the massive reduction in hospital admis-
sions should indicate a clear advantage for RM.

Thus, also from an economic point of view the use
of telemonitoring for implantable cardiac electronic
devices can be seen to make sense. A prerequisite in
Austria is certainly the suitability of telemedical ser-
vices for billing purposes in order to be able to provide
sufficient resources in this area.
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