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Abstract
Telerehabilitation (TR) was developed to achieve the same results as would be achieved by the stand-
ard rehabilitation process and to overcome potential geographical barriers and staff deficiencies. This 
is especially relevant in periodic crisis situations, including the recent COVID-19 pandemic. Proper 
execution of TR strategy requires both well-educated staff and dedicated equipment. Various studies 
have shown that TR may have similar effects to traditional rehabilitation in terms of clinical outcomes 
and may also reduce total healthcare costs per participant, including rehospitalization costs. However, 
as with any method, TR has its advantages and disadvantages, including a lack of direct contact or 
prerequisite, rudimentary ability of the patients to handle mobile devices, among other competencies. 
Herein, is a discussion of the current status of TR, focusing primarily on cardiac TR, describing some 
technical/organizational and legal aspects, highlighting the indications, examining cost-effectiveness, 
as well as outlining possible future directions. (Cardiol J 2023; 30, 1: 12–23)
Key words: cardiac telerehabilitation, cardiology, aftercare, COVID-19, quality of life, 
health care costs
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Introduction

Cardiovascular diseases remain the most com-
mon cause of death in European countries, being 
responsible for 39 and 47% of all deaths in males 
and females [1]. 

Cardiac rehabilitation is regarded as an effec-
tive secondary prevention tool to reduce mortal-
ity, risk of recurrent cardiovascular events and 
to improve the quality of life. Unfortunately, staff 
deficiency and resource limitation across the 
healthcare industry contribute to the insufficient 
delivery of rehabilitation services. These limita-
tions may be especially relevant in periodic crises, 
recently the coronavirus disease 2019 (COVID-19) 
pandemic. For these reasons, due to the dynamic 
progress in telecommunication infrastructure and  
telerehabilitation (TR) being developed to achieve 
comparable results to those obtained with the 
traditional rehabilitation processes. 

Telerehabilitation, a branch of telehealth, is 
the clinical application of consultative, preven-
tative, diagnostic, and therapeutic services via  
a two-way interactive telecommunication techno
logy [2]. It helps all patients to remain in contact 
with physicians and adhere to their aftercare plans, 
thus reducing hospital readmissions. Furthermore, 
TR provides equitable access to geographically 
remote individuals and those who are physically 
and economically disadvantaged, thus improving 
the quality of rehabilitative health care. Similar to 
traditional rehabilitation, TR consists of patient 
assessment, clarification of goals, patient-tailored 
therapies, including exercises and an interdisciplinary 
collaboration between various health professionals.

Currently, TR is mainly used in cardiology, 
pulmonology, orthopedics, neurology, audiology, 
speech-language pathology, occupational and physi-
cal therapy. Various studies have shown that TR 
can have similar effects as traditional rehabilitation 
[3–6] and may reduce total healthcare costs per 
participant, including readmission costs [7]. 

This document describes the current status 
of cardiac TR (CTR), one of the fastest-growing 
branches of TR, focusing on some organizational 
and legal aspects, and outlining future directions. 

Traditional cardiac rehabilitation

The history of cardiac rehabilitation dates back 
to 1772. An English physician, William Heberden, 
reported the case of a patient suffering from angina 
pectoris “who set himself the task of sawing wood 
every day and was nearly cured” [8]. Despite this 

initial observation, for centuries patients with 
acute coronary events were advised to limit mobil-
ity for 6 weeks to bed rest, until 1940 when more 
liberal forms of rehabilitation were allowed, e.g., 
chair therapy [9]. Gradually, it was recognized that 
mobility restriction increases the risk of mortality 
and early ambulation should be introduced [10, 11]. 
In 1993 The World Health Organization defined 
cardiac rehabilitation as, “The sum of activities 
required to influence favorably the underlying 
cause of the disease, as well as to provide the best 
possible physical, mental and social conditions, so 
that the patients may, by their own efforts, preserve 
or resume when lost as normal a place as pos-
sible in the community.” [12]. Nowadays, prompt 
introduction of rehabilitation after an interven-
tion is recommended to ensure quick and reliable 
convalescence. Although becoming increasingly 
available, the number of patients engaged remains 
unsatisfactory. In the developed countries merely 
20–50% of patients participate in cardiac rehabilita-
tion [13–17]. Moreover, those who complete the 
center-based rehabilitation (CBR) period are not 
further supervised, being left on their own. Such 
a model does not promote long-lasting effects and 
makes new behavioral habits difficult to maintain. 
Studies highlight the need for proper secondary 
prevention of cardiovascular diseases. The mortal-
ity rate at 1 year after myocardial infarction (MI) 
remains high, reaching 10% despite available state-
-of-the-art methods of immediate vascular inter-
ventions and modern drugs that decrease risk [18]. 
What is more, as reported by Jernberg et al. [19], 
about half of the patients that suffer from a major 
acute coronary event have a history of an acute 
myocardial infarction (AMI). The situation is simi-
lar in Poland, as stated in the nation-wide AMI-PL 
database encompassing patients hospitalized due 
to acute coronary syndrome. According to the ob-
tained data, in-hospital mortality amounts to 10%, 
with an additional 10% of patients dying within the 
following 12 months and more than 1 in 4 patients 
discharged after hospitalization for AMI, who die 
within 5 years [20, 21]. Almost 40% of patients 
were re-hospitalized at least once during the first 
year due to cardiovascular causes. These unsatis-
factory outcomes are attributed to the insufficient 
access to secondary cardiac prevention and cardiac 
rehabilitation which means  improper lifestyle, low 
adherence to prescribed pharmacotherapy, limited 
access to specialized care and a lack of control of 
cardiovascular disease risk factors [22].

Telerehabilitation was designed to address the 
needs for improved secondary prevention and to 
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overcome previously mentioned limitations and 
act as an auxiliary therapy to the conventional ap-
proach. However, with time (and after generating 
sufficient clinical data) TR was recognized as an 
alternative standalone technique. 

Telerehabilitation

Telerehabilitation provides continuous remote 
monitoring of a patient’s vital signs with unrestrict-
ed access to feedback in patient-doctor relations. 
Due to this, the implementation of different activity 
modules is relatively easy and both the time and 
exercise burden can be individualized and perfectly 
adjusted to provide optimal rehabilitation. Clini-
cal data shows that TR is equivalent to standard 
rehabilitation with additional beneficiary effects 
on patient adherence, motivation and promotion 
of permanent behavioral changes [23–26]. Profes-
sional care via telemonitoring can be delivered 
to almost everyone with no need to worry about 
geographical barriers — effectively discouraging 
people from participating in standard rehabilitation. 
With dedicated software the patients can track 
their progress and compete with others which 
can lead to increased motivation to maintain the 
effort. Furthermore, when required, an on-demand 
contact can be established from both sides which 
helps in distinguishing and evaluating even hardly 
noticeable alerting symptoms, thus preventing 
potential exacerbation and delivering tailor-made 
care. Such an approach results in a lower unneces-
sary hospitalization rate and fewer concerns about 
patients boosting their quality of life. 

Indications

Clinical indications for TR are the same as 
for standard forms of rehabilitation. However,  
a prerequisite to qualify for TR is the patient’s 
consent to this form of rehabilitation and the ability 
to independently implement TR, including remote 
cooperation with the physicians’ team. Other deter-
mining factors are a stable clinical status sustained 
for at least a week in low- and medium-risk patients 
and at least 3 weeks in high-risk patients [3].

Cardiac telerehabilitation  
— organizational and technical  

requirements

Among several CTR models described in 
literature [27–33], only the hybrid variant was 
included in the recommendations of the European 

Society of Cardiology [34]. This model is composed 
of two stages. The first period is organized in  
a hospital or outpatient setting and usually lasts 
between 5 to 14 days. It allows for assessing the 
patients’ clinical condition, pharmacotherapy, 
physical capacity (medical examination, labora-
tory tests, electrocardiogram [ECG], transthoracic 
echocardiography and exercise tests) and develop-
ing individual physical training and psychological 
care programs. During this stage, patients are 
taught how to exercise properly and operate te-
lemonitoring equipment. They are also educated 
about sustaining a healthy lifestyle and about the 
prevention of cardiovascular diseases.

The second period can be performed at any lo-
cation within mobile network coverage and usually 
lasts 8–12 weeks. It includes remote-controlled, 
interactive home CTR training and a final visit 
comprising an evaluation of clinical condition, the 
effectiveness of rehabilitation and the provision of 
further recommendations [33].

The proper execution of a CTR strategy re-
quires well-educated staff as well as dedicated 
equipment and software. An example of a properly 
configured CTR system is provided below.  

To coordinate all elements, a reliable computer 
software called a digital integration platform is used. 
It enables contact with the patient, implementation 
of procedures, progress monitoring and remote 
supervision over various electronic devices. The 
platform also ensures data protection, analysis and 
archiving from peripheral devices. Members of 
the team participating in hybrid CTR should have 
appropriate knowledge in the field of cardiology, 
cardiac rehabilitation and telemedicine technologies. 
The team consists of a medical doctor (cardiologist, 
internist or rehabilitation specialist), a physiothera-
pist, an ECG technician or a nurse, and a psycholo-
gist. Beyond monitoring the training and physical 
factors, each person in the team is required to edu-
cate the patient and provide psychological support.

The monitored patient should be equipped 
with a set of devices for physical training at home. 
The system guarantees verbal contact and control 
of programmed training by sound or light signals 
understandable to the patient (beginning and end-
ing of the exercise phase and the start and end of 
the rest phase, lack of adequate pulse acceleration 
or exceeding training heart rate). Additionally, it 
ensures ECG registration at the training admission 
phase, warm-up, start of training, end of train-
ing, rest phase, and on-demand (patient or staff 
demand). On-demand recording should include  
a period of up to 30 s before and at least 60 s after 
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device activation. ECG monitoring should include 
at least two registration channels and be able to 
recognize ECG changes like tachyarrhythmia,  
bradyarrhythmia and asystole. Monitoring of satu-
ration, number of breaths, body temperature and 
motor detection devices improve safety and are 
also recommended if possible. In patients with 
heart failure weight measurement is also required. 
Only the monitoring staff may introduce and 
execute any training and registration parameter 
modifications (preferably remotely).

Cardiac telerehabilitation is also crucial for 
high-risk cardiac patients. The beneficiary charac-
ter of rehabilitation in the group of heart failure or 
heart transplant patients has been well documented 
[35–37]. When introduced to CTR training, such 
patients’ physical capacity should be assessed with 
an ergospirometric test. Moreover, given their se-
vere condition, they should not be left alone while 
training in case first aid is required. An important 
element to ensure the safety of hybrid CTR is to 
define a special algorithm for dealing with endan-
gering situations and to implement it during the 
first stage of rehabilitation at the hospital [3].

Potential advantages and disadvantages  
of cardiac telerehabilitation

The fundamental advantages of CTR are as 
follows:

	— Increased accessibility to supervised reha-
bilitation;

	— Elimination of geographical barriers (travel 
distance, traffic, weather conditions, etc.);

	— Relief for an overloaded medical system, as 
some rehabilitation programs can be executed 
automatically or at least semi-automatically;

	— Possibility of delivering continuous reha-
bilitation programs during pandemics (during 
quarantine, isolation and social distancing);

	— Interactive and gamification elements that can 
create training motivation;

	— In-house rehabilitation, which increases the 
chance for long-term and more frequent ex-
ercise sessions;

	— Cost reduction compared to traditional reha-
bilitation, especially over a long-term period.
In terms of potential disadvantages, there 

are a few potential limitations of CTR, including 
the skepticism of some of the patients related to 
the lack of face-to-face interaction with medical 
personnel [38]. Another group that can obtain only 
limited benefits from CTR is elderly patients — 
especially those with dementia or other cognitive 

impairment. Regardless of age, not every patient 
may be able to use mobile devices or connect 
the electrodes properly. An absolute necessity is  
a stable internet connection and mobile network 
coverage, while some patient training locations 
can suffer from weak telecommunication signal 
and limited access. During CTR the lack of direct 
contact with the patient makes it impossible to 
obtain full information e.g., physical examination, 
resulting in limited possibilities of therapeutic 
interventions. Moreover, some general concerns 
in selected countries include insufficient public 
financing, training systems, or lack of a demand 
map for TR [38].

Current state of knowledge — clinical  
trials in cardiac telerehabilitation

The efficacy of TR in cardiac patients has been 
studied in numerous clinical trials. The available 
results of randomized clinical trials show that CTR 
is non-inferior to the standard CBR and can even 
surpass it in some respects (Table 1) [31, 39–47]. 
It was confirmed in numerous meta-analyzes. Fred-
erix et al. (37 trials), Huang et al. (9 trials), Hwang 
et al. (11 trials), Rawstorm et al. (11 trials), Wu et 
al. (6 trials) and Ramachandran et al. (14 trials)  
reported that TR is equally effective in comparison 
to CBR, with some of the studies showing the su-
periority of TR in terms of the frequency of adverse 
events, readmission rate, physical activity levels, 
adherence to physical activity guidelines and both 
low density lipoprotein-cholesterol and diastolic 
blood pressure levels (Table 2) [23–26, 48, 49]. 
CTR can work as a standalone technique when  
a proper CBR cannot be delivered or as an auxiliary 
technique to strengthen the results and aim for  
a long-lasting effect. Nevertheless, the number of 
large population trials is insufficient and further 
properly powered studies are required. The 2021 
European Society of Cardiology guidelines of car-
diovascular disease prevention highlight the need 
of addressing major gaps in evidence. The experts 
say that “The effect and the optimal delivery of 
exercise-based cardiac rehabilitation in women, 
older/frail patients, patients with cardiac implant-
able electronic devices, after heart transplantation 
or valve replacement, and in patients with atrial 
fibrillation, stroke, heart failure with preserved 
ejection fraction, lower extremity arterial disease, 
or multiple comorbidities” requires further stud-
ies and prompt for large randomized clinical trials 
investigating long-term effects of home-based TR 
and mobile health [50].
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Table 1. Telerehabilitation — randomized clinical trials.

Author/Year/N Groups Aim Conclusion

CAD

Avila et al.,  
2019 
N = 90

G1 = home TR = 30 
G2 = center CR = 30 

G3 = control = 30

Comparison of long-term effects 
of short TR to a prolonged center 
CR (exercise capacity — VO2 peak, 

physical activity behavior,  
cardiovascular risk and QoL)

Home TR, usual care or prolonged 
center CR have similar value for 
maintaining exercise capacity, 

physical activity strength and QoL

Maddison et al.,  
2019 
N = 162

G1 = center CR = 80 
G2 = TR = 82

Comparison of the exercise  
capacity — VO2max difference  
at 12 weeks. Assessment of the 

laboratory parameters, BP,  
physical activity, motivation,  

adherence, QoL

Exercise capacity was comparable 
in both groups. TR participants 
were less sedentary. Center CR  

patients had smaller waist  
and hip circumference

Vieira et al.,  
2017 
N = 33

G1 = home CR with  
virtual reality  
(kinect) = 11 

G2 = home CR  
+ booklet = 11 

G3 = usual care = 11

Assessment of the effect of  
a home-based CR specific exercise 
program for 6 months, changes in 

executive function, QoL and  
depression, anxiety, stress

G1 showed better performance  
in executive function. No  

significant differences were  
found in the quality of life,  

depression, anxiety and stress

Brouwers et al.,  
2017 
N=300

G1 = center CR =150 
G2 = home TR = 150

Comparison of cardiac TR  
with conventional CR in  

behavior change and  
physical activity level

TR is better in behavior change 
strategies results and results  
in better long-term physical  
activity levels as compared  

to conventional

HF

Piotrowicz et al.,  
2019 
N = 850

G1 = HR = 425 
G2 = usual care = 425

Assessment of percent of days 
alive and out of the hospital  

calculated as ratio. Comparison  
of mortality and hospitalizations

Outcomes of both groups were 
comparable. HR did not lead  
to the increase in percentage  
of days alive and out of the  

hospital, did not reduce  
mortality and hospitalizations

Spindler et al.,  
2019 
N = 136

G1 = conventional  
CR = 67 

G2 = TR = 69

Assessment of motivation for  
lifestyle changes and self-care  

psychological distress, and QoL  
at 0, 3, 6, and 12 months

There were no differences  
between groups in all  

presented terms

Bernocchi et al.,  
2017 
N = 112

G1 = TR = 56 
G2 = control = 56

Assessment of the feasibility  
and efficacy of an integrated  
home-based TR program in  
patients with COPD and HF

G1 increased the walked distance, 
while the G2 showed no significant 

improvement. Medical Research 
Council dyspnea scale and Barthel 

index improved in G1

Piotrowicz et al.,  
2016 
N = 111

G1 = control = 77 
G2 = home TR = 34

Assessment of the influence on  
depression (Beck score) and  

physical capacity improvement 
(VO2 peak)

TR resulted in reversion of  
depression and improvement  

in physical capacity

Piotrowicz et al.,  
2015 
N = 111

G1 = home TR = 77 
G2 = control = 34

Assessment of the safety,  
effectiveness, adherence to  

and acceptance of home-based  
telemonitored nordic walking  

training in HF patients, including 
those with CIEDs (i.e., CRT, ICD) 

In HF patients, including those with 
CIED, home-based telemonitored 
nordic walking training is safe and 
effective. TR was well accepted by 
patients and adherence was high 

and promising

Piotrowicz et al.,  
2010 
N = 152

G1 = home TR = 77 
G2 = standard  

CR = 75

Assessment of the new model of 
home-based telemonitored CR  

using walking training compared 
with an outpatient-based  

standard CR using interval  
training on a cycle ergometer

In patients with HF, TR is equally 
as effective as standard CR and 

provides a similar improvement in 
QoL. Adherence to TR was better 

than to standard CR

AMI — acute myocardial infarction; BP — blood pressure; CAD — coronary artery disease; CIED — cardiac implantable electronic device; 
COPD — chronic obstructive pulmonary disease; CR — cardiac rehabilitation; CRT — cardiac resynchronization therapy; G — group; HF — 
heart failure; HR — hybrid rehabilitation; ICD — implantable cardioverter-defibrillator; QoL — qualify of life; TR — telerehabilitation;  
VO2 — oxygen uptake
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Cost-effectiveness and funding  
of cardiac telerehabilitation

According to the study by Moghei et al. [51], 
111 (54.7%) out of 203 countries in the world of-
fer cardiac rehabilitation. In some regions public 
funding for CTR is available (most often in high-
income countries), however in 60.2% of countries 
patients are required to cover some or all of the 
costs. The results of a systematic review of eco-
nomic research on cardiac rehabilitation indicate 
a high cost-effectiveness of implementing these 
programs [52]. However, the provision of second-
ary prevention to cardiac patients remains limited 
due to restrictions in healthcare budgets. 

Frederix et al. [53] indicated higher cost-ef-
fectiveness of cardiac rehabilitation programs with 
telemedicine follow-up in comparison to programs 
consisting of cardiac rehabilitation implemented 
only in a rehabilitation center. The savings mainly 
concerned the costs associated with rehospi-
talizations. Another study, which compared TR 
as an alternative to rehabilitation implemented in  
a cardiac rehabilitation center, indicated a higher 
cost-effectiveness of TR programs and lower costs 
of rehospitalization [54]. Moreover, the Quality-
-Adjusted Life Years (QALY) values determined in 
both studies did not differ significantly between the 
compared groups. Both analyzes were conducted 
over an annual time horizon [53, 54].

The size of the patient population covered 
by TR care has a significant impact on the cost-
-effectiveness of rehabilitation. The larger the 
population of patients undergoing rehabilitation, 
the higher the financial benefits are. The choice 
of the type of rehabilitation will significantly affect 
the type of costs incurred and savings obtained. For 
example, TR reduces the fixed costs incurred for 
stationary care (infrastructure, personnel costs), 
but may additionally generate costs associated with 
other medical services, for instance visits to health 
centers or the necessity of providing emergency 
medical assistance [55].

Several following studies seem to strengthen 
the view that home-based cardiac rehabilitation 
is at least as effective and at the same time more 
cost-efficient than CBR.

Kraal et al. [56] reported that healthcare costs 
were non-significantly lower in a home-based 
rehabilitation (vs. CBR) (€ 437 per patient, 95% 
confidence interval [CI]: 562–1436; p = 0.39). Mad-
dison et al. [57] randomized patients to receive 12 
weeks of TR or CBR. Per capita program delivery 
and medication costs were lower for the home- T
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-based rehabilitation (vs. CBR). Another analysis 
found a trend toward fewer cardiovascular events 
among the patients in a home-based rehabilita-
tion (vs. CBR) (p = 0.053), resulting in gross cost 
savings of US$ 1,418 per patient [58]. Hwang  
et al. [7] performed a comparison of home-based 
TR and traditional CBR in patients with chronic 
heart failure. According to their findings, the total 
health care costs per participant were significantly 
lower in the TR (vs. CBR) (–US$ 1,590; 95% CI: 
–2.822–359) during 6 months of observation; no 
significant differences in QALY were observed. An-
other study by Whittaker et al. [59] indicated lower 
costs of TR programs as compared to rehabilitation 
carried out in a cardiac center, at the same time 
with no difference in the generated health effects. 
Frederix et al. [60] reported in 2016 that a physical 
activity telemonitoring program has the potential 
to be a cost-effective alternative to conventional 
cardiac rehabilitation, which is consistent with 
their previous findings. Between-group analysis of 
aerobic capacity confirmed a significant difference 
between the intervention group and control group 
in favor of the intervention group (p < 0.001). An 
incremental cost-effectiveness ratio of -€ 21,707/ 
/QALY was calculated [60]. The study showed that 
an additional 6-month patient-specific, comprehen-
sive TR program is both more efficient and cost-
effective than classical cardiac rehabilitation alone.

A further study by Frederix et al. [61] — Tele
rehab III — assessed the long-term persistence of 
health benefits derived from a supplemental CTR 
program. Telerehab III long-term follow-up study 
demonstrated that a 6-month cardiac TR program, 
carried out in addition to CBR, induces a better ex-
ercise capacity and improved adherence to healthy 
lifestyle behaviors. It also has a positive impact on 
the quality of life, while remaining cost-effective 
in the long term, when compared to standalone 
CBR [61].

A slightly different view regarding the efficien-
cy and cost-effectiveness of TR was presented in  
a scientific statement from the American Associa-
tion of Cardiovascular and Pulmonary Rehabilita-
tion, the American Heart Association, and the 
American College of Cardiology in 2019. The state-
ment shows that the costs to deliver CBR appear to 
be similar to those related to home-based cardiac 
rehabilitation. The costs were analyzed based on 
several studies and the results were as follows [62]:

	— Two studies showed no significant difference 
in costs, if patient travel costs were included;

	— One study reported fewer medical visits and 
hospitalizations with home-based cardiac reha-

bilitation while 2 studies showed no significant 
difference in this regard;

	— QALYs reported in 2 studies also found no 
significant difference;

	— One study suggested the possibility of lower 
costs in the case of home-based cardiac reha-
bilitation.
A review done by Farabi et al. [63] presented 

less enthusiastic results. The study included 20 
articles which used QALY to measure the out-
comes of CTR in high-income countries. The study 
showed that although the increase in QALY due 
to CTR did not differ from standard care, patient 
participation and retention was significantly higher. 
According to the researchers, telemedicine was not 
cost-effective, predominantly due to the high cost 
of implementation. Nevertheless, it seems that in 
the case of a longer follow-up period there could 
be an increase of cost-effectiveness.

To summarize the above findings, according 
to recent studies cardiac TR is at least as efficient 
as standard rehabilitation, while retaining a com-
parable or higher cost-effectiveness.

The legal basis of cardiac  
telerehabilitation in selected countries

In Poland, the Ministry of Health, through the 
regulation of 16th October 2016 amended the regu-
lation of 6th November 2013 on guaranteed services 
in therapeutic rehabilitation (Journal of Laws of 
the Republic of Poland, 2016.2162). An important 
change introduced in this amendment was, from 
2017, to cover hybrid cardiac TR with reimburse-
ment from the Polish National Health Fund under 
the contract for funds from cardiac rehabilitation 
and reimbursement under the Managed Care af-
ter AMI (KOS-MI) program (§ 4 point 3a and b).  
In the list attached to this regulation and the 
conditions for the implementation of guaranteed 
services in the field of therapeutic rehabilitation, 
the entity providing the medical service ‘hybrid 
cardiac telerehabilitation’ may, as part of guaran-
teed services.

The regulation defines two phases of the im-
plementation of hybrid cardiac rehabilitation, which 
can be financed from the National Health Fund. The 
first stage consists of short stationary rehabilitation 
in the hospital, while the second stage comprises 
typical hybrid cardiac rehabilitation, which allows 
remote monitoring of a patient with cardiological 
diseases The regulation also sets out the rules for 
the qualification of patients for this type of rehabili-
tation, the actions which can be reimbursed from 
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public funds, and the duration of such rehabilitation 
in its individual stages, depending on the type of 
disease. Formal requirements that must be met for 
the patient to benefit from this type of service are 
also specified. The solutions adopted in the regula-
tion of the Ministry of Health were further speci-
fied in 2013 as part of a report of a team of experts, 
adopted by the Polish Cardiac Society “Optimal 
Model for Comprehensive Rehabilitation and Sec-
ondary Prevention”. This Polish normative model 
belongs to hard law solutions, it means that there 
are absolutely binding legal norms. It is supported 
by soft law regulations created, among others by the 
Polish Cardiac Society or the National Health Fund.

In Germany (the fastest growing market in Eu-
rope in the area of TR), CTR as a separate medical 
service has not been included in any legal act regard-
ing social security or public health services financ-
ing. The organization of hybrid CTR is therefore 
the responsibility of every hospital. The first part 
of TR is therefore financed as part of the cost of the 
hospitalization, while the second part is financed just 
like any other rehabilitation treatment. The patient 
may therefore benefit from such rehabilitation for 
up to 3 weeks, once every 4 years. Insured patients 
over 18 years of age are required to pay up to 15% 
of the cost of rehabilitation [64]. The hybrid therapy 
also found its place in the guidelines issued by the 
Association of the Scientific Medical Societies in 
Germany, in January 2020. This document describes 
only the second phase of this rehabilitation model, 
which takes place outside the hospital. It indicates 
however the need to develop the third phase of 
CTR for people with permanent cardiac ailments. 
This phase is directed not for patients who have 
undergone an acute cardiovascular event requiring 
hospitalization (i.e., cardiac surgery, acute coronary 
event), but for people who need rehabilitation for 
a longer period of time due to persisting disease 
[65]. This issue is also raised in other regions of 
the world, for example in Brazil, while pointing to 
the effectiveness of CTR [66].

Ongoing cardiac telerehabilitation  
programs in Poland

In 2017, the KOS-MI program was introduced 
to achieve complete revascularization, proper 
electrotherapy, adequate cardiac rehabilitation, 
and easier access to cardiologists for patients after 
MI. The KOS-MI program includes four modules: 
hospitalization with complete revascularization and 
coordinating visit (module I), post discharge cardiac 
rehabilitation starting approximately 2 weeks after 

the discharge (module II), electrotherapy in eligible 
patients — control of ejection fraction 6–9 weeks 
after MI (module III) and systematic outpatient 
meetings with a cardiologist throughout the first 
year (module IV) [67].

A prospective, multicenter study performed 
in 5 cardiology centers in Poland dedicated for 
up to 1000 patients with coronary artery disease 
undergoing coronary revascularization (the RE-
STORE research project) was introduced in March 
2016 [68]. The aim of the project is to determine an 
optimal cardiac rehabilitation strategy using novel 
medical technologies and, through effective patient 
monitoring, to decrease annual mortality and risk 
of cardiovascular events in coronary artery disease 
patients at 9 and 12-month follow-up. An intensive 
dietary and educational program focused on lifestyle 
and risk factor modification is also implemented. Ad-
ditionally, intravascular imaging with atherosclerotic 
plaque and intraarterial lipid characterization and the 
molecular aspect of optimal cardiac rehabilitation 
are analyzed to assess the impact of rehabilitation 
on atherosclerosis progression.

Telerehabilitation in elderly population

One of the key factors driving the TR market 
globally is a growing elderly population. According 
to the World Bank Group, the global population 
aged 65 or older grew in the last decade from 502.23 
million in 2008 to 673.62 million in 2018. The geri-
atric population and the population aged above 65 
years of age in the United States, Canada, Europe 
and Central Asia underwent significant growth over 
the last 10 years, increasing by 36.2% and 17.1%, 
respectively, between 2008 and 2018 [69]. The 
elderly population is susceptible to several chronic 
diseases such as heart failure, cancer, chronic 
obstructive pulmonary disease and Parkinson’s 
disease, which require rehabilitation solutions to 
improve the quality of treatment. Thus, an increas-
ing incidence of chronic diseases among the elderly 
population generates the need for improved levels 
of medical assistance. This has led to the advent of 
new mobile applications and systems implement-
ing TR, thereby creating growth opportunities for 
the global TR systems market. Nowadays, TR can 
work as an adjunct therapy and has been regarded 
as beneficial in a handful of common medical condi-
tions found in the elderly namely diabetes, frailty, 
chronic pain, wounds, cancer, incontinence, and de-
mentia [70]. Studies have shown that TR can help 
enhance glycemic control, improve balance, gait 
speed, and quality of life in a frail elderly popula-
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tion, shorten the wound healing time and even help 
with combating various cancers [71–75]. Current 
TR technologies constitute a significant treatment 
approach that can provide multidisciplinary care 
even in such complex populations. 

Telerehabilitation market growth

Global TR systems market was estimated at 
US$ 179.1 million in 2019 and is expected to in-
crease to US$ 485.6 million by 2027 [76].

The cardio-pulmonary segment share of the 
global TR market currently amounts to 2.6% (US$ 
5.3 million) and is expected to be around 1.7% in 
2027, while the value of the market in 2027 will 
be US$ 8.1 million. 

Currently, North America has been ranked 
as the largest market for TR (42.9% of market 
share) and is estimated to be valued at US$ 70.2 
million in 2019. This value is projected to increase 
to US$ 208.1 million by 2027, mainly due to the 
presence of major players, well developed health-
care infrastructure and various policies supporting 
TR. The cardio-pulmonary market is expected to 
grow in the United States within the next 7 years 
by almost twice.

In Europe, the TR systems market was esti-
mated at US$ 56.0 million in 2019 and is projected 
to increase to US$ 149.3 million by 2027. Germany 
is expected to be the fastest growing market in 
Europe during the forecast period and is expected 
to witness significant growth in the near future. 
Europe is expected to exhibit growth, owing to an 
increasing number of approvals from the European 
Union for virtual reality rehabilitation devices. The 
value of the cardio-pulmonary market in Europe 
will increase from US$ 1.6 to 2.5 million. 

The TR market is expected to grow expo-
nentially, but it is highly dependent on the rapid 
development and wide adoption of novel and 
innovative hardware and software systems for 
TR. This includes advanced technologies such 
as wearable sensors, fast network and Bluetooth 
devices, industrial Internet of Things, augmented 
reality, virtual reality, artificial intelligence, and big 
data analytics. In addition, the adoption of these 
technologies may further boost the market if they 
prove to be cost-effective. 

Another important factor that may potentially 
stimulate the development of the TR market is the 
expected increased risk for infectious diseases 
that will affect society globally and will necessitate 
social distancing. 

The risks to TR market development include  
a lack of awareness regarding novel technologies and 
advanced therapies among patients and healthcare 
providers, as well as a lack of skilled professionals.

Summary

Cardiac telerehabilitation was designed to 
overcome the limitations of standard rehabilita-
tion services but has been quickly recognized as 
an alternative standalone technique. Clinical data 
shows that CTR is equivalent to the standard reha-
bilitation, with additional beneficiary effects, while 
retaining comparable or higher cost-effectiveness. 
This technology has a great potential to relieve the 
burden on public healthcare, however as under-
lined in the 2021 European Society of Cardiology 
guidelines, there are still major gaps in evidence 
and all risks and opportunities must be identified 
and adequately addressed. 
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