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Abstract

Participation in comprehensive, multidisciplinary cardiac rehabilitation programmes as part of secondary prevention is recommended for pa-
tients with cardiovascular disease. However, recent data reveal that participation in cardiac rehabilitation is only around 30%—40% of eligible
patients in Europe. Key barriers are practical barriers such as limitations in transport or scheduling issues. In recent years, home-based cardiac
rehabilitation, delivered by telerehabilitation, has been suggested as an alternative or adjunct to centre-based cardiac rehabilitation to increase
access, adherence, and participation rates. Multiple trials have demonstrated the effectiveness and cost-effectiveness of cardiac telerehabilitation.
Recently, the European Association of Preventive Cardiology (EAPC) of the European Society of Cardiology (ESC) has defined the presence of a
cardiac telerehabilitation programme as one of the quality indicators for centres requesting accreditation. This document aims to provide a clear
description of cardiac telerehabilitation and to provide minimal standards and core components to ensure the high quality of cardiac telereh-
abilitation in Europe.
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Graphical Abstract

Standards for high-quality cardiac telerehabilitation:
improving access and uptake, and supporting long-term secondary prevention

A scientific statement of the European Association of Preventive Cardiology of the ESC

Novel core components and
optimal standards for cardiac
telerehabilitation

Both hybrid as fully remote
telerehabilitation are key
additional delivery models

in secondary prevention

"o

=%

Telerehabilitation is associated
with positive effects on quality
of life and functional capacity

High-quality cardiac telerehabilitation. Cardiac telerehabilition is the remote provision of all core components of comprehensive phase 2 cardiac
rehabilitation. One of the main goals of cardiac telerehabilitation is to overcome barriers to attendance. Both hybrid programmes as hybrid programs
exist. They should be used depending on the preferences and needs of the patient. Several studies have already showed positive effects on quality of
life and exercise capacity. However, more research is still needed due to the small sample size, short duration and heterogeneity of most of the

current published trials.

Introduction

Premature cardiovascular mortality is decreasing in most European
countries due to improved medical care and prevention. However,
the reduction in mortality rates has slowed down." Suspected causes
are the rising prevalence of obesity and diabetes, along with an ageing
population.” Atherosclerotic cardiovascular disease (ASCVD) recur-
rence rates are high (up to 5%—15% in the first year after myocardial
infarction), partially due to insufficient implementation of secondary
prevention measures, as shown in the EUROASPIRE surverys.? This
high prevalence of cardiovascular disease (CVD) events leads to a sig-
nificant impact on patient quality of life and healthcare expenditure.

Participation in comprehensive, multidisciplinary cardiac rehabilita-
tion (CR) programmes as part of secondary prevention is recom-
mended for patients with CVD and heart failure (HF) to improve
outcomes.” In addition, multiple studies have demonstrated clinical
benefits, possible cost-savings and cost-effectiveness of CR.*” The
aim of a CR programme is to improve the patient’s physical, psycho-
logical, social, and work conditions via core components, including pa-
tient assessment, management and control of cardiovascular risk factor
control, physical activity counselling, prescription of exercise training
and optimizing guideline-directed medical therapy, dietary advice,
smoking cessation, patient education, psychosocial counselling, and vo-
cational reintegra‘cion.8 Core components centre-based CR are

routinely delivered during Phase 2 CR but could also be extended to
Phase 3 CR programmes to support long-term adherence to lifestyle
changes? Indeed, secondary prevention is more a lifelong process
where cardiac telerehabilitation (CTR) could provide opportunities
to minimize pressure off the time-limited phases of CR.”

Despite the clear benefits of CR, recent data reveal that participation
in CR is only around 30%—40% of eligible patients in Europe.” Important
predictors for not participating are older age, unemployment, multiple
comorbidities, female sex, and smoking. Other common barriers
are lack of referral, misconceptions about the effectiveness of CR and
practical barriers such as long distance to the CR centre, limitations in
transport, and scheduling issues.'® Furthermore, the EUROASPIRE sur-
veys have demonstrated that not only the participation in CR is disap-
pointingly low, but that many patients with a history of ASCVD do not
meet the secondary prevention targets set by the European guidelines.2

In recent years, home-based CR, delivered by telerehabilitation, has
been suggested as an alternative or adjunct to centre-based CR to in-
crease access, adherence, and participation rates."” Telerehabilitation
can include tele-coaching, social interaction, telemonitoring, e-learning,
and addresses almost all CR core components.’’ Non-digital home-
based cardiac rehabilitation (NDHBCR) programmes, which rely on
manual or self-reported methods of intervention and monitoring,
pose unique challenges. NDHBCR typically depends on patient self-
reports or occasional follow-ups, which lack the objectivity and reliability
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Figure 1 Core components of cardiac telerehabilitation

required to evaluate metrics such as exercise adherence, intensity, and
physiological improvement. Without monitoring or feedback mechan-
isms, these programmes are unable to ensure consistency or scalability,
and their effectiveness varies widely across patients and settings.

Non-digital programmes, while sometimes the only available option
in low-resource settings, face intrinsic limitations that prevent their in-
clusion in discussions about quality indicators and standards for telereh-
abilitation. As such, this paper prioritizes interventions supported by
digital monitoring tools.

In addition to improving the uptake of CR directly after a cardiac
event, CTR provides the opportunity to extend the delivery of struc-
tured secondary prevention programmes well beyond the 24-36 ses-
sions of traditional CR."?

During the past decade, initial evidence suggests that CTR may be an ef-
fective replacement or complementary strategy to centre-based CR in
terms of improving aerobic capacity, cardiac risk factors, and health-related
quality of life.”® As such, telerehabilitation may be considered to increase
patient participation in CR and long-term adherence to healthy behaviours,
according to the ESC Prevention in Cardiovascular Disease guidelines.?
However, its implementation in healthcare systems has remained disap-
pointingly low. Low levels of digital health literacy in patients with CVD
and healthcare professionals and the lack of cost-effectiveness studies
are often reported as key barriers for implementation in real-world set-
tings."*"> Other key barriers are the lack of appropriate and well-assessed
mobile health devices for CTR and the integration with electronic patient
files. Recently, criteria were proposed to assist healthcare professionals in
the evaluation of appropriate mHealth solutions."®

To foster the implementation of CTR in Europe, the European
Association of Preventive Cardiology (EAPC) of the ESC has defined
the presence of CTR programmes as one of the optimal criteria for
centres requesting accreditation for secondary prevention and
CR. However, the contemporary EAPC position statement on stand-
ardization and quality improvement of secondary prevention through
cardiovascular rehabilitation programmes in Europe does not include

guidance on minimal and optimal requirements for CTR.'? This paper
aims to summarize the existing evidence and gaps of knowledge in
this field which will be used together with an expert panel to propose
novel minimal and optimal requirements.

Definition of cardiac
telerehabilitation

The definition of CTR is the delivery of cardiac rehabilitation services
using digital health technologies and telecommunications to support pa-
tients in their homes. It encompasses a range of interventions, including
all CR core components, provided through video conferencing, remote
monitoring, mobile applications, and other digital platforms to enhance
access, convenience, and continuity of care. The different core compo-
nents are presented in Figure 1. The choice of digital tools used could be
adapted to the local context, technical infrastructure, and patients’
needs and preferences. No specific tools or protocols will be advised
due to the differences in availability across countries and due to the ra-
pid technological advances. Furthermore, there is no randomized con-
trolled trial (RCT) investigating the effectiveness of different CTR tools
in one study. We propose to use well-validated digital tools for safety in
effectiveness. The lack of a specific protocol for CTR in this paper could
be explained by the fact that there is significant heterogeneity in the or-
ganization of centre-based CR in different countries. The provision of a
uniform CTR protocol without attention to the local context could halt
implementation. Therefore, it is important that CTR programmes are
developed by co-creation and are adapted to the local context with
the inclusion of all core components.

One of the main goals of CTR is to overcome the barriers to attend-
ance such as scheduling and transport issues.’® CTR could also allow
the provision of long-term secondary prevention programmes with
the use of digital devices and companions such as shared decision-
making applications."”
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Furthermore, CTR could facilitate shared decision-making by meet-
ing the needs and preferences of patients and healthcare professionals
potentially resulting in an improvement in programme enrolment, ad-
herence, and effectivity.17

The most well-established indications for CTR, supported by clinical
research, include percutaneous coronary intervention, myocardial in-
farction, coronary artery bypass grafting, and HF.2 Other indications
such as atrial fibrillation ablation, pacemaker, and implantable cardiac
defibrillator implantation, as well as other cardiovascular and even non-
cardiovascular conditions, could potentially be managed with telereh-
abilitation. However, these emerging indications require further inves-
tigation to establish efficacy and safety before they can be routinely
included in standard practice. The current evidence suggests starting
with CTR at the same time centre-based CR would start with the
same duration as centre-based CR."®2° CTR has the potential to pro-
vide long-term secondary prevention monitoring; however, there is
only limited evidence for now.

Two models of CTR exist:

(1) Fully remote CTR
(2) Hybrid CTR

In the fully remote CTR model, centre-based CR is completely re-
placed by CTR. There are no centre-based CR sessions for participating
patients. However, patient assessment, risk factor management, and
pre-exercise screening are advised to be organized in an outpatient set-
ting. A content-selection hybrid model is defined as a programme
where several core components are delivered in the CR centre, while
others are delivered remotely. The choice of which core components
are remotely delivered could be adapted after shared decision-making.
Moreover, the choice can change over time, based on the patient’s pro-
gress and modified needs. In a full-content hybrid CTR model, all core
components are either delivered remotely or at the CR centre. This
could be done in an add-on model, where patients engage in a combin-
ation of remote and centre-based sessions, or as a transition model,
where patients start with centre-based CR sessions for several weeks
and then switch to a CTR programme.

Furthermore, two methods of remote CTR exist: synchronous and
asynchronous CTR. Synchronous CTR consists of real-time remote
interaction between a patient and a healthcare professional when
working on one of the core components. An example of synchronous
CTR is a video connection during exercise between a physiotherapist
and a patient. The synchronous monitoring system may include a spe-
cialized remote device for tele-ECG monitoring and supervised exer-
cise training, including blood pressure measuring and weighing
machine, and data transmission set via a mobile phone.'®

This has the advantage of personalized follow-up and better individu-
alization; however, it may be associated with a higher workload for
healthcare professionals and, consequently, higher costs.

In asynchronous CTR, there is no real-time interaction or follow-up
between the patients and the healthcare providers. Patient data are
sent to the CR centre and will be monitored intermittently at fixed mo-
ments or if alerts occur. This way of remote monitoring focuses more
on self-management with intermittent feedback. It is presumed that it
may be less labour-extensive and less expensive, providing the oppor-
tunity to manage larger groups of patients simultaneously. It could also
increase patients’ autonomy by focusing on self-management and im-
proving the availability of CR services outside the traditional working
hours. However, most studies using this approach focused only on
stable low-risk patients.'*?°

A mixed approach combining synchronous and asynchronous CTR is
possible. An example of a mixed approach may be a combination of on-
line meetings with a dietician and sending pictures of meals, later re-
viewed by the dietician. Lastly, there is the possibility of using
real-time computer-generated communications in asynchronous CTR
automatically triggered by device measurements.

Evidence on cardiac
telerehabilitation

An overview of the available evidence regarding CTR interventions was
performed by a pragmatic narrative umbrella review.>" A search for sys-
tematic reviews and meta-analyses published in the last decade on the
PubMed and Cochrane database was performed in November 2023
using the search terms (cardiac/cardiological) telerehabilitation com-
bined with ‘cardiovascular disease’, ‘acute coronary syndrome’, ‘myo-
cardial infarction’, ‘coronary heart disease’, and ‘heart failure’,
respectively. After the removal of duplicates, 36 remaining papers
were reviewed independently by four researchers for eligibility in full
text. Seventeen publications were excluded by consensus due to non-
defined or unsuitable population investigated in the review studies (n =
8), type or timepoint of interventions (e.g. educational programmes
without exercise, peri-operative intervention; n=6), design aspects
(review of qualitative studies, no control group defined; n=2), and
publication before 2013 (n=1). Pearl growing method was used to
identify 10 additional papers. The key characteristics of 28 included sys-
tematic reviews were extracted regarding population, key interven-
tions, pre-defined outcome measures, and main results, as provided
in Appendix Table A1.

The umbrella review revealed first a major point of concern regard-
ing the quality of the included systematic reviews and meta-analysis.
Many of the meta-analyses showed important heterogeneity between
the included studies in patient population, duration of intervention,
used technology, and outcomes. Moreover, multiple meta-analyses
combined both centre-based CR and no intervention or usual care as
a control group. This makes generalization of the results of the included
meta-analyses difficult.

Furthermore, none of the interventions included all core compo-

nents and therefore fulfilled the definition of CTR.
22725 investigated the effectiveness of CTR in patients
with HF. Two studies demonstrated a superior effect of CTR in terms
of exercise capacity and QoL.>**> However, the control group con-
sisted both of usual care (without CR components) and centre-based
CR. The study by Gao et al.*® differentiated the comparison between
CTR vs usual care and CTR vs centre-based CR and concluded that
CTR was non-inferior in terms of QoL and exercise capacity in com-
parison with centre-based CR. Still, large heterogeneity was observed
in the intervention (duration, technology used, etc.). The study of
Gao et al.”® reported a reduction rehospitalization compared with
usual care, but no significant reduction compared with centre-based
CR. Importantly, only study was included that reported on the com-
parison of readmission rates between CTR and centre-based CR.

Recent literature such as the EXIT-HF trial*
meta-analysis by Tegegne et al.’® showed a similar message. The
EXIT-HF was an RCT including 120 patients comparing CTR for pa-
tients with HFrEF and HFpEF with centre-based CR. The study demon-
strated the non-inferiority of CTR in terms of exercise capacity and
QolL. Tegegne et al>® performed a large network meta-analysis includ-
ing 18 670 patients in 132 randomized controlled trials investigated the

Four reviews

and a network

Gz0z 1snBny g| uo Jasn Ausianiun 1esseH Aq €266 128/801eys/ueayina/ge0 ] 01 /Iop/ajonie-aoueApe/fuesyina/wod dno-olwapeoe//:sdiy Wwolj papeojumoc]



Standards for cardiac telerehabilitation

relative effectiveness of different exercise-based CR delivery modes for
HF patients. Ten studies researched the effectiveness of CTR. This
meta-analysis showed that CTR was associated with improvements
in exercise capacity, however, no improvement in HF-related hospital-
ization or mortality risk. An important comment is the fact that 7 out of
10 trials compared CTR with usual care.

In conclusion, current evidence seems to demonstrate that CTR is a
feasible, safe, and non-inferior intervention to centre-based CR for HF
patients; however, the large heterogeneity must be considered. More
robust data is still needed.

In total, 21 reviews?*~* investigated the effectiveness of CTR in car-
diovascular patients with indications for CR. The included patient popu-
lations were very heterogeneous and not always defined. Many
meta-analyses had significant limitations such as no definition of CTR
intervention, comparator arm consisting of both CR and no interven-
tion or inclusion of CTR interventions solely consisting of telephone
calls. Seven studies evaluated the effectiveness and safety of CTR in
comparison with centre-based CR.""2¢:28:35:39:41 g;, 11,26,28.39.41
seven meta-analyses showed no significant differences in exercise cap-
acity between CTR and centre-based CR. One meta-analysis demon-
strated a significant improvement in peak VO, in the CTR group;
however, only four studies were included.*® The meta-analysis of
Murphy et al.>® showed a significant difference in 6-min walking test dis-
tance; however, the mean difference is not clinically relevant. In general,
current evidence seems to show that CTR for patients with CR indica-
tion results in similar improvements in exercise capacity compared with
centre-based CR. A similar message was reported in a recent Cochrane
review by McDonagh et al.>' This review concluded that home-based
CR interventions are similarly effective in improving clinical and
health-related quality of life outcomes in patients after myocardial in-
farction, or revascularization, or with HF. However, only 4 trials out
of 24 used TR

A recent umbrella review by Shi et al.”” also demonstrated that CTR
interventions could improve exercise capacity and medication adher-
ence. An important sidenote again is the fact that multiple included
meta-analyses had also control group consisting of centre-based CR
and usual follow-up. Moreover, the umbrella review showed no differ-
ence in clinical endpoints.52

Two meta-analyses focused solely on hybrid CTR. One study com-
pared to hospital-based and centre-based CR and showed no signifi-
cant differences with CTR in QoL or exercise capacity.>**® The
meta-analysis by Yang et al.>> revealed improved exercise capacity
and functional capacity in the CTR group; however, it was compared
to a control group consisting both of centre-based CR and no inter-
vention at all.

In conclusion, CTR seems non-inferior to centre-based CR in im-
proving exercise capacity and QoL. However, current evidence has
multiple limitations mostly due to the large heterogeneity among
the study protocols and sample characteristics, determining a high
variability in the results. Another limitation is the limited number
of meta-analyses. Moreover, some studies addressing CVD telereh-
abilitation also included neurological or pneumological diseases.
Another limitation concerns poor reporting and uncertain definition
of CTR interventions, specific methods, pre-defined outcome mea-
sures, and study endpoints. This highlights the need for well-
executed randomized controlled trials to further determine the ef-
fectiveness of CTR but also determine differences in effectiveness
between different CTR models. Further data are also needed to de-
termine whether the short-term effects of CTR can be confirmed in
the longer-term.

out of

/.52

Advised standards of cardiac
telerehabilitation

Core components and minimal/optimal standards are well-established
in conventional CR. To propose new core components and standards
for CTR, the following methodology was employed.

The core components of CR were derived from Ambrosetti et al.®
The minimal and optimal standards for CR were sourced from Abreu
et al." All statements for conventional CR were compiled. These state-
ments were then reformulated and adapted to the context of CTR.
A panel of Experts reviewed, approved, and supplemented these
statements with additional aspects specific to CTR, which are lacking
in conventional CR.

To achieve consensus on the statements, a modified Delphi meth-
odology was utilized.>® All statements were compiled and adminis-
tered via Qualtrics software. A panel of 16 experts rated each
statement on two criteria validity and feasibility. Validity and feasibil-
ity were defined following the definitions provided by Aktaa et al.>*
More information about the methodology can be found in the
Appendix.

Initially, 138 statements were listed. Following the first Delphi round,
11 new statements were added. The total number of rated statements
was thus 149. In the first Delphi round, 99 statements were included, 23
were inconclusive and/or reformulated, and 16 were excluded.

In the second Delphi round, 34 statements were rated; 18 state-
ments were included, 16 excluded, resulting in 117 accepted
statements.

Full results of Delphi rounds are provided in Tables 1 and 2.
Additional standards are provided in the Appendix Table A2.

Core components

(1) Patient assessment

The consensus statements highlight the need for an initial comprehen-
sive on-site physical exam, with parts of the assessment conducted re-
motely. A comprehensive physical exam with ECG, exercise test for
risk stratification and exercise prescription and, if necessary, echocardi-
ography before the start of a CTR programme is advised to be per-
formed on-site.

Basic information and physical activity levels should be monitored
digitally using wearable devices, considered superior to question-
naires. During rehabilitation, remote symptom assessment, detailed
digital questionnaires, and consistent monitoring of adherence are
advised.

2) Physical activity counselling

The consensus statements emphasize using wearable devices to
track step count, moderate-to-vigorous physical activity (MVPA),
and sedentary time. Counselling should be conducted via telephone,
can be supported by automated smartphone feedback, and may in-
volve personalized sessions with trained exercise specialists.
Validated wearable devices are advised for accurate physical activity
monitoring.

3) Exercise training

The consensus statements recommend extensive in-centre risk as-
sessment and an exercise test before the start of a CTR programme.
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Table 1 Proposed core components and CTR standards

1) Core components

Patient assessment

* While parts of the physical assessment can be performed remotely (video call, remote ECG using smartwatch, or other technology), a full physical exam
with ECG and, if necessary, echocardiography before the start of a CTR programme is recommended to be performed on-site.

The following components have a high potential for translation to remote/digital assessment:

Basic information such as educational level, social background, diet, and even routine symptoms can be assessed through (ideally validated) questionnaires
digitally (e.g. through the patient’s smartphone or a web-based form).

Physical activity level is best assessed using a wearable device, which offers better insights compared to questionnaires.

Exercise capacity and physical activity level: while cardiopulmonary exercise testing remains the gold standard as pre-exercise screening, there is a
growing role for complementary continuous physical activity monitoring and intermittent submaximal exercise testing (e.g. remote 6-min
walking test).

The first baseline full patient assessment should be ideally on-site.
Patient assessment during rehabilitation
* During the rehabilitation programme, the symptom assessment can be performed remotely via teleconsultation.
* During the rehabilitation programme, the use of digital questionnaires to gather detailed patient history and symptomatology is desirable.
* Adherence to the telerehabilitation should be consistently monitored.

Physical activity counselling

The following metrics as measured by a wearable device/accelerometer can be used:
* Step count.
* Minutes of moderate-to-vigorous physical activity (MVPA) as measured/estimated by heart rate assessment and/or step intensity.
* Sedentary time.

Physical activity counselling can be performed in-person or remotely ideally through direct contact with a trained exercise
specialist:

* Through telephone counselling.

+ Can be supported by automated feedback e.g. through a smartphone application.

* Validated wearable devices need to be advised for physical activity counselling.

* Personalized counselling sessions via video calls or telephone consultation with trained exercise specialists should be provided.
Exercise training

* During initial phases, exercise training is preferably delivered through real-time monitoring to verify individual responses, tolerably, and clinical
stability.

* A possible advantage of CTR is the addition of parameters that not only monitor aerobic training (with a minimum goal of three times per week) but can
also measure physical activity and sedentary time on non-training days.

* If the programme can start with a period of on-site training that can help in evaluating and adapting individual responses and prescription (hybrid).
Diet/nutritional counselling
* Fully remote follow-up is achievable in nutritional follow-up as teleconsultations are in theory equally valuable as physical consultations.

Digital health technology can be used for supporting remote dietary follow-up in the following ways:

Assessment of baseline daily caloric intake through diary-based smartphone applications or web-based platforms.

Adaptation of caloric intake as well as diet composition through diary-based smartphone applications or web-based platforms.

Nutritional education through validated health websites and smartphone applications.

Specific dietary pattern can be assessed through validated questionnaires assessing e.g. Mediterranean diet compliance.

Teleconsult for nutritional evaluation and advise is a minimum criterion.

Referral to web-based or app-based library of digital resources on dietary goals and attainment methods, including the salt, lipid, and water content of
common foods.

Continued
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Table 1 Continued

1) Core components

Weight control management

Baseline assessment can be performed on-site in-person or can be achieved remotely through insertion of the following
parameters:

* Weight (as measured by the same weighing scale throughout the prevention trajectory).

* Analysis of nutritional habits through questionnaires.

* Calories intake through diary-based applications or web-based platforms.

* Physical activity through wearable devices and/or questionnaire-based.

* Weight reduction can be prescribed and followed-up through patient self-measurement and reporting.

* Nutritional education through validated health websites and smartphone applications can be performed.
Lipid management
Opportunities for digital health:

+ Patient education about hypercholesterolaemia aetiology, lifestyle involvement and pharmacological therapies through validated websites or smartphone
applications.

» Educational videos for cholesterol risks and management should be included in the telerehabilitation programme.
Blood pressure management

+ Abaseline resting assessment of multiple blood pressure values should be available for every patient, ideally measured in a home-based setting in resting
conditions.

+ For hypertension monitoring remote blood pressure measurement and registration by the patient at home is recommended with attainment of the
recommended blood pressure goals during the CTR programme.

* Home-based measurement by patient should be a minimal standard for cardiac telerehabilitation.

* Home-based measurement by patient with connected devices, ideally incorporated in a cardiac telerehabilitation module should be an optimal standard.
Other opportunities for digital health include

» Medication decision support for caregivers can be used for blood pressure monitoring in telerehabilitation.

* Medication adherence monitoring tools can be used for blood pressure monitoring in telerehabilitation.
Smoking cessation
Opportunities for digital health:

+ Diary-based smartphone applications (or web-based platforms).

* Education through validated websites and smartphone applications.

* Follow-up by a human expert is recommended but could be performed fully remotely.

+ Digital health interventions may not replace but should support pharmacological therapies.

» Teleconsultation with psychologists is an important part of remote smoking cessation.

+ Use digital questionnaires to assess smoking status, including the amount and duration of smoking.
Psychosocial management

Opportunities for digital health consist of:

After an initial, on-site, intake interview with the patient, further follow=-up could be organized remotely.

Follow-up can be performed supported by automated tools such as validated questionnaires on pre-specified intervals (HeartQol, HADS,
GAD).

A two-step evaluation approach should be used: initial single-item questions about distinct psychosocial risk factors followed by standardized
questionnaires (e.g. HeartQol, KCCQ for disease-specific QoL, HADS or GAD7, PHQ?9 for anxiety and depression).

The provision of individualized teleconsults, sessions of relaxation, meditation, and yoga can be part of optimal standards for cardiac
telerehabilitation.

Digital resources and tools to teach and support self-help strategies and effective social support acquisition should be provided.
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Table 2 Proposed digital health-specific CTR standards

Digital health-specific standards for cardiac telerehabilitation

Minimal

* Privacy and data protection: all data are processed on data-secure platforms either for handling of the electronical medical record or of telerehabilitation

data.

» Concerning data privacy and data ownership, national data privacy and ownership legal regulations must be followed.

Optimal

telerehabilitation to ensure personalization of the treatment.

duration of the programme) would be needed to maximize equity of access.

Shared decision-making, which involves collaboratively setting goals between the patient and healthcare provider, should be used especially in cardiac

Cardiac telerehabilitation should be implemented as an alternative to centre-based cardiac rehabilitation to leverage uptake and adherence.

If device-based physical activity monitoring is implemented, loan devices (i.e. devices offered to patients by the telerehabilitation programme for the

Data should be collected to one central platform or medical record system on which personnel access the data.
A central dashboard allows for easy follow-up of all patients currently in cardiac rehabilitation or telerehabilitation.

Arelapse prevention system is defined as a system patients are monitored in the long-term phase and are contacted in the case of nonadherence to the

intervention or reduced exercise or physical activity volumes. Statement: A relapse prevention system should be part of the telerehabilitation system and

programme.

control and research.

Structured data capture system in which all patient assessment, training and telemonitoring data is stored in a structured format to easily allow quality

Along-term follow-up telerehabilitation programme is conducted in which telerehabilitation is continued until a saturation point is reached. This

point is defined as the point on which behaviour change is considered permanent. The patient can keep measuring their own data while receiving automated

feedback, but there is no more need for human support.

A dedicated digital platform should be available for parameter monitoring, personalized goal setting, and patient motivation

Data obtained from measurements (e.g. wearable devices, smartphones, medical equipment) is needed as self-reported data is insufficiently accurate.

In high-risk patients, real-time monitoring during the initial exercise
training phases to control individual responses and clinical stability is ad-
vised. A potential benefit of CTR is the ability to track aerobic training,
heart rate response, physical activity level, and sedentary time. Starting
with on-site assessment can help to evaluate individual responses and
tailor prescriptions.

4) Diet/nutritional counselling

The consensus statements suggest that nutritional follow-up can be
effectively conducted remotely via teleconsultations. Baseline caloric
intake and diet composition should be tracked and adapted using
smartphone or web-based applications. Nutritional education can
be provided through validated health websites and apps, while
specific dietary patterns assessed with validated questionnaires.
Teleconsultations for nutritional evaluation are advised, complemen-
ted by digital resources on dietary goals and food content.

5) Weight control management

The consensus statements emphasize consistent weight monitoring
using the same scale, and the use of automatic weight transmission can
be considered. Nutrition habits can be analysed through questionnaires,
tracking calorie intake with diary-based apps or web platforms.
Nutritional education should utilize validated health websites and
smartphone apps. Physical activity should be monitored using wearable
devices or questionnaires. Weight reduction strategies can involve pa-
tient self-measurement and reporting.

6) Lipid management

The consensus statements emphasize patient education on hyper-
cholesterolaemia, covering its causes, lifestyle interventions, and
pharmacological treatments through validated websites or smartphone
applications. The telerehabilitation programme could include educa-
tional videos focusing on associated risks and management. These ele-
ments are advised for comprehensive patient understanding and
management of hypercholesterolaemia. Last, repeat blood tests should
be planned during CTR to ensure optimal guideline-based medical
therapy.

7) Blood pressure management

Key points for blood pressure management include baseline resting
blood pressure assessments ideally in home settings, remote blood
pressure monitoring by patients to achieve goals during CTR and inte-
grating connected devices for optimal monitoring. The use of automatic
transmission can be considered.

The frequency of measurements should be according to the ESC
Prevention guidelines3 at least three consecutive days (ideally 6-7
days) with readings in the morning and evening. Tools for medication
decision support and adherence are advised for effective hypertension
management in telerehabilitation.

8) Smoking cessation

Key strategies for smoking cessation include using diary-based smart-
phone apps or web platforms, educating patients through validated
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websites and smartphone apps, and recommending remote follow-up by
experts. Digital health interventions should support, not replace a multi-
disciplinary treatment approach, including pharmacological therapies.
Teleconsultations with psychologists play a crucial role in remote smoking
cessation, supported by digital questionnaires to assess smoking status.

9) Psychosocial management

Psychosocial management in CTR involves initial on-site interviews
followed by remote follow-up using validated questionnaires. It includes
a two-step evaluation process as mentioned by Ambrosetti et al&initial
single-item questions on psychosocial risk factors, then standardized
questionnaires measuring anxiety and depression. Based on the results
of the questionnaires, the intervention can include personalized tele-
consultations, relaxation techniques, and digital tools for self-help and
social support.

10) Digital health-specific standards

Minimal digital health standards in telerehabilitation require secure
data processing and adherence to national privacy regulations.
Optimal standards prioritize shared decision-making, position CTR as
a primary option to boost adherence, provide loaned monitoring de-
vices for equitable access, ensure centralized data management, inte-
grate relapse prevention measures, maintain structured data capture
for quality control and research, sustain long-term programmes until
behaviour change is permanent, and employ dedicated platforms for ef-
fective education, monitoring, and motivation based on individual infor-
mation and preferences.

Role of cardiac telerehabilitation in
secondary prevention

The increasing interest in CTR primarily revolves around addressing the
known barriers of current centre-based CR programme. Therefore,
the goal of developing CTR programmes is not to replace centre-based
CR but to offer an alternative or complement to current standard care.

Remote CTR programmes will benefit from a close interaction with
centre-based programmes. This is evident in hybrid programmes, but
also in full CTR programmes, where a connection to centre-based
CR is important to maintain a human touch. This human connection
seems especially necessary for baseline safety assessment, motivation,
adherence, and feedback on educational progress. CTR encompasses
more than just telemonitoring; some core components of CR, such
as psychosocial management, may require occasional face-to-face inter-
actions. The provision of remote programmes does not mean that
some aspects of centre-based CR cannot be utilized. Hybrid pro-
grammes can be used to provide a programme that is adapted to the
patients’ preferences and needs, aiming to improve participation, ad-
herence, and long-term outcomes.

There are both patient-level and system-level benefits to organizing
CTRin a CR centre. The provision of CTR could help alleviate patient-
related barriers such as limitations in transportation or time con-
straints, thereby potentially increasing the engagement of CR after an
acute cardiac event.'® Another patient-related barrier is the lack of per-
sonalization.!” The digital component enables easier customization to
meet patients’ preferences and needs. For instance, content and sup-
port can be tailored to applicable risk factors, educational levels, or
stages of change. In the future, further personalization could be
achieved with the introduction of digital biomarkers for better

phenotyping of the intervention and adopting the recommendations
over time.

A recent systematic review suggests that CTR could lead to cost-
savings in healthcare and might be a cost-effective alternative to centre-
based CR.*® Potential factors are the lower workload and lower de-
mand for training space.*® The introduction of algorithms could further
alleviate the workload for health professionals, thereby potentially en-
hancing the cost-effectiveness of CTR. Therefore, increased focus
could be allocated to long-term management. Currently, secondary
prevention programmes' often conclude after Phase 2. However, re-
search has shown that objectively measured physical activity declines
to baseline levels after CR.>* The use of web or mobile applications
and wearable devices such as heart rate monitors and accelerometers
could be useful tools to monitor and motivate patients to adhere life-
long to the lessons learned in CR. A study by Lunde®® et al. demon-
strated that individualized follow-up for 1 year with an app
significantly improved VO, peak, exercise performance and exercise
habits, as well as self-perceived goal achievement. However, only a lim-
ited number of studies have investigated the long-term effectiveness of
CTR, and findings have been mixed.'”>® A recent trial has shown disap-
pointing results in preventing relapses in physical inactivity compared to
extended centre-based CR programmes.>®

The introduction of lifelong secondary prevention programmes
could be halted due to the growing shortage of healthcare workers.
Therefore, the use of digital biomarkers in combination with chatbots
and relational artificial intelligence could reduce the workload of lifelong
programmes.

As the duration of CTR extends, adherence to the programme often
declines. Consequently, prioritizing persuasive design techniques such
as gamification and co-creation becomes imperative to foster long-
term patient engagement. Integration of these interventions into pa-
tients’ daily routines and home environments could help ensure long-
term uptake and adherence.

It is important to be aware of potential risks of the introduction of
CTR. The use of digital health comes with a risk of a digital divide.
Patients with low digital health skills will not be able to get the same
care. Especially, age and low socioeconomic status are linked with
low digital health Iiteracy.57 Moreover, providing digital health to pa-
tients with low literacy levels or skills leads to low usage and adherence
which diminishes the positive effects.®® A recent paper developed a
questionnaire to assess the patient’s readiness to use digital health.>
Based on this questionnaire, patients can be grouped as good CTR can-
didates vs patients needing additional teaching before starting digital
health interventions. This highlights again the importance of co-creating
and developing digital tools for different levels of digital health skills and
literacy. Recently, Living Labs interventions are gaining interest, as they
could be used for co-creation and shared decision-making, including pa-
tients, healthcare professionals, and industry.

While clinical indications for CTR parallel those of centre-based CR,
a comprehensive risk assessment is imperative before permitting mod-
erate to high-intensity physical activities at home. When selecting the
optimal patients for CTR, it is crucial to consider limitations such as
the lack of ECG monitoring and the potential for physical exercise over-
load. To date, there is only limited evidence about the use of CTR in
high-risk populations. As clinical indications for CTR parallel those of
centre-based CR, the content of the different core components
should be adapted to the specific cardiovascular disease both in CR
and CTR.

Lastly, CTR will not solve all barriers to CR participation and adher-
ence. Studies have indicated that approximately 30% of eligible patients
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not participating in-centre-based CR would participate in CTR.%€0
Therefore, it remains important to use patient forums, medical associa-
tions, and innovative approaches to adapt CR programmes’ to engage
as many patients as possible.

Technical infrastructure and data
security

A robust digital infrastructure is essential for the success of telerehabil-
itation programmes, as it enables the collection and monitoring of ac-
curate, actionable health data in real time.! Tools such as wearable
devices, mobile health applications, and telemonitoring platforms play
a pivotal role in capturing key metrics like physical activity, heart rate,
and blood pressure. Integrating such systems into a secure and scalable
infrastructure ensures consistent data collection and analysis across di-
verse patient populations, thereby enhancing the reliability and effect-
iveness of telerehabilitation services.

However, current wearable technologies face significant limitations
that affect their medical validation and acceptance in clinical practice.
While many wearables are widely used for fitness tracking, their accur-
acy in measuring clinical-grade parameters remains inconsistent. For ex-
ample, wearables often lack rigorous validation against medical standards.
Additionally, variability in device algorithms and sensor sensitivity can lead
to data discrepancies, undermining their reliability for medical use.
Therefore, it is important to use well validated and are qualified as med-
ical products. A recent paper by Caiani et al.'® has proposed criteria with
which health professionals could evaluate mHealth solutions.

One of the core principles of the CTR should be empowering pa-
tients with control over their personal health data. This principle
aligns closely with the General Data Protection Regulation (GDPR),
which mandates that individuals must have the ability to make in-
formed decisions about how their data is accessed, used, and
shared.®? For CTR platforms, integrating comprehensive consent
management systems is essential. These systems should enable pa-
tients to grant, revoke, or modify access to their health data with
ease, ensuring transparency and control. Furthermore, to protect pa-
tient privacy and comply with GDPR, telerehabilitation platforms
should adopt data minimization practices, ensuring that only the ne-
cessary data required for a specific purpose is collected and pro-
cessed. This principle reduces the risk of misuse or unauthorized
access to sensitive information. Additionally, platforms should employ
advanced pseudonymization and anonymization techniques to safe-
guard patient data while enabling its secondary use for research, pub-
lic health, and innovation.®>

Conclusion and future directions

The increasing interest of CTR in recent years is addressing the well-
known barriers of centre-based CR in terms of attendance and long-
term management of secondary prevention. The digital component
may also enable easier customization to meet patients’ preferences
and needs.

This document highlights that current evidence on the effectiveness
and safety of CTR as adjunct or alternative to centre-based CR is prom-
ising, but there are still conflicting results, mostly due to the small and
limited number of studies, methodological considerations, and lack of
long-term follow-up. To achieve future high-quality evidence and
large-scale implementation of CTR in clinical practice, some considera-
tions need to be addressed.

CTR interventions and modes of delivery are heterogeneous and
poorly defined in most of the existing studies, which limits interpret-
ation and clinical implementation. To improve the design and reporting
of future studies in this field, this document aims to provide shared defi-
nitions for CTR programmes. Clear definitions facilitate future compari-
son of different CTR models, including CTR only or hybrid programmes’
with synchronous or asynchronous monitoring. Comparing different
CTR settings and approaches is important to determine which proce-
dures may best meet the needs of specific sub-populations of patients.

The content of different core components is different across CTR
studies and often not very well stated in the literature. As CTR is the
remote provision of the core components of comprehensive Phase 2
CR, this document provides shared definitions on minimal and optimal
requirements of CTR core components, to reduce the heterogeneity in
future studies.

In the current digital era, it is still important to remember that CTR
programmes’ will benefit from close interaction with centre-based
programmes.1 Additional research needs to address how the optimal
interaction between centre-based CR and CTR should be conducted
and whether the delivery of CTR is equally effective for all core com-
ponents. Additionally, extending the current research focus of Phase
2 CRto include also Phase 1 CR to enable early patient empowerment
and Phase 3 CR to improve long-term engagement to lifestyle changes
would be of large interest. Furthermore, it is important to ensure that
all patients can use these interventions. Potential patient-related bar-
riers could be a lack of internet access, no access to technology (e.g.
high cost), or low digital skills and digital literacy.'®** During the devel-
opment of CTR interventions, focus is needed on these barriers in or-
der to prevent the creation of a digital divide. Focus on an inclusive
approach with co-creation with patients, educational initiatives and
the provision of a device rental service could be solutions to reduce
the digital divide as much as possible.

Home-based CR without any digital support could be an alternative
option for these patients. However, the lack of monitoring is a serious
limitation of this approach.

Most CTR studies are small, randomized control trials (RCTs) with
strict inclusion and exclusion criteria, limiting the generalizability of
study results in clinical practice. The design of large-scale pragmatic clin-
ical studies including real-world patients is advised and will improve fu-
ture implementation. This could include registry-based RCTs. An
advantage of designing studies to include a broad representation of pa-
tient groups is that there could be an increased focus on health equity.
In the future design of CTR studies, it is important to consider histor-
ically underrepresented groups of patients, such as women, elderly,
those with lower socioeconomic status, diverse ethnicity or education-
al attainment, and individuals with disabilities.> Understanding patient
acceptance and usability of CTR is crucial for a successful implementa-
tion into clinical practice. Co-designing CTR with patients is highly ad-
vised to meet end users’ needs which may enhance usability and
long-term engagement. Especially in a complex intervention such CTR,
more research is needed on how to implement these interventions. It
is well known that older age is a barrier for participation in digital health
interventions and is linked with lower adherence and effectiveness.>®
Many cardiovascular patients are elderly, so it is important to adapt
the interventions to their needs and preferences. Hybrid approaches
could be an option for those in need for more human connection.

To improve quality and standardization of telerehabilitation, a Delphi
procedure was performed to establish the advised requirements for a tel-
erehabilitation intervention. These proposed standards could be used in
quality control and could form the basis for quality indicators in the future.
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In summary, CTR is an established part of the contemporary stand-
ard cardiovascular patient care with even a greater potential for a bet-
ter utilization in the future. However, the goal of developing CTR
programmes is not to replace centre-based CR, but rather to comple-
ment current standard of care and to provide a long-term secondary
prevention care pathway to a broadest possible population. To increase
implementation in clinical practice, shared decision-making is key to
success, providing standardized CTR programmes that are adapted
to the patients’ preferences and needs. To improve quality and stand-
ardization of telerehabilitation, a Delphi procedure was performed to
establish the advised requirements for a telerehabilitation intervention.
These proposed standards are meant to build further on with further
research and implementation and are a next step towards better and
more widely implemented patient care.
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Appendix
Methodology Delphi procedure

In the first rating round, each statement was scored by each panellist on
a 9-point ordinal scale for both validity and feasibility, where 1 denoted
‘not valid or feasible’ and 9 denoted ‘very valid or feasible’. For each
statement, the median validity, median feasibility, and mean absolute de-
viations from the median scores were calculated to assess the central
tendency and dispersion of the panellists’ ratings for both validity and
feasibility.

After the first voting round, the candidate statements were categor-
ized into three groups:

Included: Statements with high median ratings (>7 for validity and >4
for feasibility) and minimal interrater dispersion scores (<1.5 for both
validity and feasibility).

Inconclusive: Statements with high median ratings (>7 for validity and
>4 for feasibility) but high interrater dispersion scores (>1.5 for either
validity or feasibility).

Excluded: Statements with low median ratings (<7 for validity or <4
for feasibility) or high interrater dispersion scores for both validity and
feasibility (>1.5 for both).

During the first Delphi round, open comments were allowed in each
section of the questionnaire. Based on these comments, 7 statements
were reformulated, and 11 new statements were added.

A second Delphi round was conducted in which all 16 panellists
re-evaluated the inconclusive and newly added statements. In this
round, no open comments were permitted. Statements were then
categorized as either included (based on the same criteria as previ-
ously mentioned) or excluded if they did not meet the inclusion
criteria.
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Table A2 Additional standards

Structure-based—infrastructural

Minimal

Dedicated area for initializing patients: wearable equipment and explanation material are available for starting up patients.

Dedicated area for patient follow-up with dedicated computers and telephone equipment for daily follow-up of patients in the telerehabilitation programme.

If needed, smartphones available for lease for patients not owning a smartphone.

Wearable device for physical activity and other measurements.

Remotely connectable (e.g. Bluetooth, 4G/5G) weighing scales.

Remotely connectable (e.g. Bluetooth, 4G/5G) blood pressure cuffs.

Licenses on dedicated smartphone applications.

Dedicated digital tools for intermittent functional capacity testing (e.g. smartphone-based 6-min walking test).

Wearable-based electrocardiography.

Cuff-based connectable blood pressure cuff.

Written instructions on home-based training goals (e.g. step count goals, heart rate zones, RPE goals, aerobic training goals, strength training goals).

List of medical equipment and devices in use including details on maintenance and validity (if necessary).
Optimal

* Instruction videos on multiple aspects of the cardiac rehabilitation programme available on a digital platform (website, smartphone application) should be
available.

+ Digital module (e.g. through smartphone application) enabling group interventions, e.g. training groups guided by a dedicated exercise specialist.

* Licensed remote tests and questionnaires for screening of psychosocial status, nutritional status, quality of life, physical status, and medication adherence
should be available.

Structure-based—human resources
Minimal
* Multidisciplinary team including at least one team member experienced in managing digital health technology (can be physiotherapist, nurse, nutritionist, and/
or other).
Optimal
+ Clear chief responsible person for the comprehensive telerehabilitation programme.

+ Collaboration with related disciplines for co-management of digital health technologies and remote monitoring systems (e.g. endocrinology/diabetology for
remote monitoring of diabetes, ideally in one integrated platform within the electronic health record).

Structure-based—Centre requirements
Minimal

* Protocol handling the adverse events and list of adverse events within the telerehabilitation programme.
Optimal

* Organizational team meetings on a 4 weeks basis or more frequently (which are documented), dedicated to the patients within the telerehabilitation
programme.

* Organizational team meetings on a weekly basis (which are documented), dedicated to the patients within the telerehabilitation programme.

« Strategic plan, not more than 5 years old (including future perspectives, objectives, care programmes, patient safety and enhancement of quality of remote
care).

* Annual evaluation report to monitor service delivery and outcomes.
Process-based
Minimal
* Telerehabilitation programme with at least the same duration as the conventional cardiac rehabilitation programme.
» Remote patient evaluation and risk factor identification.
» On-site exercise risk assessment (pre-exercise screening).

* Adherence to medication counselling through written information (e.g. web-based).

Continued
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Table A2 Continued

Physical activity written information (e.g. web-based).

Remote hypertension management programme.

Written instructions and/or video instructions on smoking cessation.

Telephone-based remote smoking cessation counselling programme.

Plan at discharge including relapse prevention plan.

Optimal

Written instructions and/or video instructions on weight control management.

Written instructions and/or video instructions on alcohol consumption limitation.

Individualized written exercise prescription and goals and/or video instructions on exercise training.

Written instructions on nutritional goals and/or video instructions on nutritional goals.

Monitoring equipment (e.g. connected weighing scale) for remote weight follow-up and management.

Most recent lipid values easily available to the patient through patient version of electronic health record.

Clear instructions on lipid goals for the patient (written or through visual dashboard).

Remote diabetes management programme (e.g. in collaboration with endocrinology/diabetology).

Online module (web-based/smartphone application-based) module on smoking cessation.

Remote follow-up of psychosocial management through licensed questionnaires and telephone consultation (after initial physical intake assessment).

Telerehabilitation programme that extends to >double the duration of the conventional cardiac rehabilitation programme (e.g. 12-week sessions of hybrid

rehabilitation programme + additional 12 weeks of continued telerehabilitation programme).

Adherence to medication counselling through remotely delivered videos.

work-related information.

Teleconsult for sexual counselling.

Teleconsult for vocational counselling and support at request.

Telerehabilitation programme screening for high-risk patients.

cardiac hybrid rehabilitation, and/or CTR.

Physical activity counselling through written information (e.g. web-based).

Automated patient re-evaluation and update of risk factor status through automated remotely delivered questionnaires.

Telephone counselling or web-based education programme available considering the following topics: driving, flying, sports, sexual activity, vocational/

Driving, flying, and sports counselling information videos available. Sexual counselling videos available. Vocational counselling videos available.

Automatic referral of all patients with an indication for cardiac rehabilitation and/or CTR.

Automatic assessment of patients with an indication through short questionnaire about willingness to participate in conventional cardiac rehabilitation,

Baseline assessment including digital health literacy assessment to assess suitability for CTR programme and need for additional digital health training.

Invitation of digitally fluent family members (e.g. children) to participate in helping the patient in the telerehabilitation programme.
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