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Introduction
Cardiac Rehabilitation Programs (CRP) have been recognized 

in recent decades as an essential component in the treatment of 
cardiovascular disease (CVD) and is currently recommended for all 
patients with a diagnosis of Acute Coronary Syndrome (ACS) [1,2], 
stable angina [3], heart failure [4], following Coronary Artery Bypass 
Graft (CABG) [5] or angioplasty (percutaneous cardiac intervention - 
PCI) [6] and cardiac transplantation [7].

The benefits of CRP in multiple variables are well recognized [8]: 
increased functional capacity [9]; control of blood glucose and lipid 
profile [10]; reduction of Body Mass Index (BMI), blood pressure 
and inflammatory parameters [10-15]; improvement of psychological 
factors and quality of life [16,17]; reduced number of re-hospitalizations 
[18], morbidity and mortality associated with heart disease [19-21], 
providing further economic benefits to the healthcare system. Despite the 
documentation of all these benefits, there is a worrying underutilization 
of these programs and it is estimated that in most European countries less 
than half of eligible patients attend to a CRP [22]. 

Classically CRP consist of three distinct, consecutive phases [23]: 
Phase 1-Inpatient program; Phase 2 -Outpatient/exercise program; 
Phase 3-Follow-up/maintenance. Phase II is, in most countries, a 
supervised outpatient program lasting six to twelve weeks. It consists 
of aggressive strategies to reduce risk factors and therapeutic exercise 
sessions (including aerobic, strength and flexibility training). However, 
there are some centers that enable the implementation of home (home-
based) or community (community-based) programs. According to the 
literature, home-based programs exhibit clinical outcomes similar to 
those of center-based programs and that’s the reason why they are a 
valid alternative to the latter [24].

Accessible intervention models as home-based programs and the 
use of Information and Communication Technologies (ICT) offer 

interesting perspectives for development and expansion of alternative 
programs, with potential to increase patients’ participation and to 
improve the cost-benefit ratio of CRP.

The present study aims to describe the current scientific evidence 
on home-based cardiac rehabilitation programs and new technologies 
applied in this specific field, anticipating future challenges.

Materials and Methods
An initial search through the online databases (PubMed, Medscape, 

Endnote, PEDro and Google Scholar) was performed including the 
following keywords in Englishs: “cardiac rehabilitation”, “home-
based”, “exercise-based rehabilitation”, “telemedicine”, “telehealth”, 
“exergaming”, “technology” and “telemonitoring”.

Once obtained the list of articles, these were analyzed according to 
the inclusion criteria: publications in English; availability of the complete 
article online; published between January 2005 and December 2012. 

In many studies the definition of home-based cardiac rehabilitation, 
community-based, center-based and hospital-based is not clear. For the 
purposes of this review, the home-based programs were considered 
synonymous with the community-based programs and defined as those 
provided in the patient’s home or in a place other than the hospital. 
The hospital-based and center-based programs were defined as those 
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performed at a hospital or equivalent infrastructure and are therefore 
considered synonyms. Thus, the main distinction between home-
based and center-based programs is the absence or presence of a health 
professional supervising the exercise sessions. In this review we only use 
the terms home-based and center-based for the sake of simplification.

Home-Based Cardiac Rehabilitation
There isn’t a universally recognisable definition of what constitutes a 

home-based program so there is a great heterogeneity in its constitution. 
A predominantly psychological, an exercise only or comprehensive 
approaches are different kinds of contents. However, all programs 
should respect the AHA and ESC guidelines [25,26] and provide the 
same core components of cardiac rehabilitation / secondary prevention 
(prescribed exercise; cardiac risk factor modification; education; and 
counselling, which includes diet instruction and disease management).

The main problems of centre-based CRP are the low participation, 
low adherence and high drop-out rate. Several barriers to the uptake 
include: geographical distance and transport issues, especially in rural 
and remote settings; work or domestic commitments; inconvenient 
schedules; difficulty parking and cost of fuel and parking [27,28].

In order to improve these problems home-based cardiac 
rehabilitation was suggested as long ago as 1980s. There are different 
home-based programmes that may include a combination of home 
visits, telephone or mail support, telemedicine or specifically developed 
self-education materials [29,30].

The Heart Manual was developed in Scotland in the late 1980s by a 
multidisciplinary team of cardiac rehabilitation [29]. This is a step-by-
step guide of a comprehensive cardiac rehabilitation programme using 
a structured programme of exercise, stress management, and education. 
The key component is the facilitator, a rehabilitation professional 
who has had a brief training in the Heart Manual’s behaviour change 
techniques. He or she works with the patient to determine their health 
needs and to arrive at a shared set of goals. It includes a walking 
programme, a relaxation and stress management component and 
attention to reducing the patients’ coronary disease risk. The facilitator 
contacts the patient at set intervals, either face-to-face or by telephone, 
to check on progress and help the patient re-set the goals and add new 
ones. The behaviour change methods are cognitive-behavioural, such 
as motivational interviewing, goal setting and increasing confidence in 
small steps. The educational component is delivered through discussion 
with the facilitator, backed up by written and DVD-based materials. 
The physical activity program uses a daily walking program but also 
builds on and extends the patient’s own favored physical activities or 
hobbies [29].

Since its implementation, many published studies have accumulated 
evidence on its effectiveness; this is currently the most widely 
investigated, validated and recommended for an increasing number of 
patients [29,31,32]. 

Trials comparing home based to centre based CRP have been 
published. The lack of standardisation of rehabilitation programs 
within hospital, community and home setting make direct comparisons 
difficult. These studies report similar improvements in exercise capacity 
and cardiovascular risk factors control at follow-up between both 
groups [31-34].

A systematic review and meta-analysis by Dalal et al. [24] showed 
no statistically significant difference between home based CRP and 
center based CRP for the following outcomes: mortality, cardiac events, 
exercise tolerance, modifiable risk factors (control blood pressure and 

total cholesterol) and quality of life related to health. These results support 
the studies of Cornwall Heart Attack Rehabilitation Management Study 
(CHARMS) [32], Birmingham Rehabilitation Uptake Maximization 
(BRUM) study [31] and Oerkild et al. [33] that compared home based 
CRP with usual care in elderly patients who rejected to participate in 
center based CRP. It is therefore consensus that both modalities are 
effective and that there are relatively small differences between them so 
the choice doesn’t significantly affect clinical outcomes. 

The risk of future cardiac events and mortality are probably related 
to the characteristics of the patients and the temporal distance in 
relation to the primary cardiac event, so the diversity of results between 
studies may be a reflection of the lack of standardized criteria for entry 
into the CRP in clinical studies [29]. 

According to the CHARMS [32] study the Heart Manual CRP has 
a lower dropout rate compared with center based CRP. On the other 
hand, anxiety about the exercise practice at home without the physical 
presence of the health professional and the lack of motivation are two 
major obstacles for non adherence to home based CRP mentioned by 
Jolly et al. [31].

Regarding the economic impact of the implementation of home 
based CRP the results are controversial and insufficient. It was estimated 
that the implementation of a home based CRP simultaneously with 
a center based CRP would cost less than the usual care [24,31]. The 
lower cost would be due to a readmission rate reduction associated 
with increased participation and compliance [24,31]. In fact, hospital 
readmission is an important result in terms of cost-effectiveness and 
arguably has major implications for the patient and the healthcare 
system. The current evidence suggests that home based CRP is effective 
in reducing hospital readmissions and those who are admitted to 
hospital have a shorter hospital stay [24,31]. According to Dalal et al. [24] 
there is no scientific evidence of difference in costs for the health care 
system among modalities center based and home based. The currency 
differences and the period in which the studies were conducted make 
it difficult to compare direct costs between studies. Wong et al. [35] 
published a systematic review of the economic evaluation of CR which 
concluded that there is evidence supporting the inclusion of center 
based CRP or home based CRP compared with the absence of CR in 
patients after heart attack, bypass surgery or percutaneous coronary 
interventions as well as those with chronic heart failure. Participation 
in CRP has been associated with shorter time to return to work, so 
the inclusion of these benefits would probably reduce the total cost to 
society for providing these programs.

Home-Based Versus Center-Based: Patient Choice
According to Dalal et al. [24] one of the important factors for CRP 

adherence and compliance is the patient preference. With the current 
consensus that home based CRP appear to be as safe and effective as 
center based CRP, the implementation of the first offers an alternative 
modality [35]. Studies were conducted about the preferences of patients 
when questioned in relation to home based CRP versus center based 
CRP and evidence suggests that patients and employees who feel they 
have a lack of time are more likely to prefer home based CRP [24]. 
The reasons why patients prefer home based or center based has been 
addressed in several qualitative studies. According Wingham et al. 
[36] fears and the consequent loss of trust inherent to cardiac events 
makes patients more motivated to make changes in lifestyle, reiterating 
the importance of this moment as a unique opportunity to begin the 
process of changing lifestyle habits. Some individuals prefer center 
based CRP for having medical supervision and group sessions during 
exercise [36]. The belief that the CRP should be adapted to the daily 
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routine (and not the reverse), the perception of greater self-discipline, 
preference for individual sessions, the desire to include the family and 
the difficulty in hospital-home transporting leads other patients to 
prefer home based CRP [36].

Tele-Cardiac Rehabilitation
Telerehabilitation is the provision of rehabilitation services at a 

distance using telecommunications and information technologies, 
potentially minimizing the barriers of distance, time and cost [37]. 
It is an emerging modality whose primary purpose is to provide 
equitable access to rehabilitation services and continuity of care outside 
the hospital. The low cost of ICT and its widespread use, make their 
integration in health services valuable because there is a growing need for 
monitoring patients with long-term conditions and the unsustainability 
of centralization of services in hospital physical infrastructure, from the 
point of view of human and economic resources.

Given that the main current challenges are access and participation 
in center-based CRP, telerehabilitation may be promising for alternative 
ways of providing the CRP outside the hospital, simultaneously 
ensuring the clinical assessment of the patient (especially during 
physical exercise) [38]. 

The safety of home-based CRP is closely related to the feasibility 
of remote monitoring, since the absence of direct supervision of the 
patient during physical exercise is a major problem. The use of ICT 
has been increasingly valued for its potential to enable control of the 
patient’s clinical status and supervision during exercise by monitoring 
of symptoms (e.g. fatigue, dyspnea, chest pain) and physiological 
parameters (electrocardiogram - ECG), heart rate, blood pressure, body 
weight, oxygen saturation, drug therapy, etc.) [39].

Thus, current research is focusing on the development of sensitive 
and accurate instruments for detecting biological signals clinically 
relevant and useful for the continuous monitoring of the patient in 
their day-to-day activity. Other important issues are also related to the 
transmission, storage and access of the collected data. In recent years, 
ambulatory accelerometers, heart rate monitors and ECG instruments 
have been most widely studied for patient monitoring due to its low 
cost and its noninvasive nature. 

The body accelerations can be measured through the use of 
accelerometers in one or more body segments (e.g. trunk, lower 
limb) or incorporating the accelerometer in a portable instrument 
like the mobile phone that comes with the individual in their day-to-
day. Information obtained through the accelerometer may be useful 
in measuring the total daily duration of the walk; walking speed; 
the frequency of daily walking; postural transitions and metabolic 
consumption of the patient, among others [40].

Similarly, ambulatory heart rate and ECG monitors have been useful 
to evaluate cardiac function. We are witnessing today the innovation in 
this area with the creation of smart clothes: garments incorporated with 
noninvasive sensors that allow recording vital signs and high quality ECG, 
combined with the comfort of the patient [41,42]. Data collected during 
exercise (heart rate, ECG recording, acceleration, etc.) can be viewed 
online by health care professionals responsible for the CRP or analyzed 
retrospectively, since the signals are calibrated, captured and transmitted 
to a portable device where they are stored. These systems allow controlling 
the number and duration of weekly sessions performed by the patient, 
the compliance with the prescribed training intensity and analysis of 
heart rate achieved during exercise. It also allows evaluating the existence 
of electrocardiographic changes and respective correlation with anginal 
symptoms reported by the patient during exercise [42].

Finally, wearable sensors and smart homes with exosensors 
(sensors placed in spaces) are also solutions with the potential, for 
example, to monitor the patient’s functional ability within home or for 
the prevention of falls in older people [41].

Recently, given the widespread and easy access to web services and 
telecommunications devices (mobile phones, smartphones, tablets, 
etc.), these have become useful tools in the context of primary and 
secondary prevention, leading to the new concept of Mobile Health 
(mHealth). As reported by Antypas and Wangberg [43], messaging 
services by phone or email can be presented as a convenient and cost-
effective way to support self-management of the patient, for example, 
on compliance or motivation for the adoption of healthy lifestyle 
behaviors. According to recent state-of-art reviews about the use of 
email and phone for communication between patients/caregivers and 
healthcare professionals in the context of the management of chronic 
diseases such as heart failure, it is not recommended by the lack of 
scientific evidence [44,45]. Furthermore, there is lack of significant data 
concerning long-term effects, acceptance, costs, risks and limitations of 
such interventions [44,45].

The exergaming research (particularly with the Wii® platform) 
seems to be promising, and in 2011, the AHA has created a group of 
studies in this area to investigate how this modality can affect health 
[46]. This concept refers to the activities based on virtual reality which 
combine the use of video games and exercise; it involves interaction with 
the game by performing specific exercise movements that contribute 
to physical fitness [46]. The fact that it is a popular tool among young 
people can make video games attractive as facilitating the shift to a 
more active lifestyle. The evidence for the use of exergaming as a public 
health intervention is increasing; however it is difficult to make any 
recommendation in relation to its use in the present. The commercially 
available exergames can improve balance and muscle strength but are 
not designed for rehabilitation programs [46].

Only recently some models of Tele-Cardiac Rehabilitation were 
presented for investigation. To date, the models designed integrate the 
use of mobile phones and the internet in a home-based CRP [47-50]. 
The model presented by Walters et al. [48] was called Care Assessment 
Platform (CAP); it´s a comprehensive model of home care outpatient 
RC lasting six weeks and integrates the use of mobile phone and the 
internet to provide all the core components of a CRP. The mobile phone 
is used for monitoring exercise through an application to counting steps 
called Step Counter (SC); for the registration of self-observations related 
to their behavior related to health and communication with health 
professionals (e.g. reception of motivational messages or telephone 
consultations per week). All information is synchronized daily with 
the online portal called Wellness Diary Connected (WDC), a remote 
server. WDC allows records about other relevant health parameters 
such as body weight, physical activity, blood pressure, stress, sleep, diet, 
smoking and alcohol use. The supervisor accesses patient data via the 
Internet portal WDC before each weekly phone consultation to facilitate 
and customize feedback and set goals for the patient. In the end of the 
program, a consultation takes place, for planning the next six months 
follow-up period. During this period, the telephone contact between 
patient and health professionals’ ceases and the patient is encouraged to 
use the phone and WDC portal tools for self-management [48].

Several other projects like HeartCycle (at European level and 
incorporating The Heart Manual CRP)51, “The Whole System 
Demonstrator” [50] in UK, and “Telemedicine of the Heart” [51,52] in 
Germany are examples of research currently underway on the potential 
of telemedicine in the field of Cardiology.
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A systematic review of clinical outcomes, utilization and costs 
associated with telerehabilitation made by Kairy et al. [53] concluded 
that despite the growing evidence on the efficacy and effectiveness 
of telerehabilitation there is still insufficient evidence regarding the 
impact on resource allocation and costs of this method. However, it 
is expected that remote monitoring services become increasingly 
important for patients (security, more control, convenience), health 
insurers (efficiency, cost reduction) and health system (care more 
effective) [54]. Future work will provide clinical evidence of the use of 
these technologies to support home-based CRP.

Conclusion
Cardiac Rehabilitation is considered a key element in the 

contemporary approach of individuals with CVD, with Class I 
recommendation in international guidelines. Home-based programs 
are a valid alternative to centre-based programs. New areas of research 
include the development of individualized programs, with increasing 
versatility. In an era where technology has so much presence in the 
daily routine of patients, the use of ICT has the potential to reverse 
the disappointing results concerning the involvement and participation 
of eligible patients to CRP. More research is needed on the technical 
feasibility of telerehabilitation systems, their applicability and clinical 
effectiveness, its cost and acceptability by users.
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