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Background: The COVID-19 pandemic led to the closure of most cardiac therapy
centers. One of the solutions was to adapt the existing cardiac rehabilitation (CR)
program in an institute to a remote approach offered by home-based telerehabilitation.
The aim of this study was to measure the cardiorespiratory effects of telerehabilitation
compared to conventional center-based CR.

Methods: Patients were assigned to two 3-week CR programs: telerehabilitation and
conventional center-based CR. The telerehabilitation group wore a connected watch to
monitor heart rate (HR) and gave their perception of effort according to a modified Borg
scale. The exercise training (four sessions/week) consisted of 1-h aerobic endurance
and strength training session at the target HR zone determined by results based on
cardiopulmonary exercise test (CPET) and perception of effort, respectively. The exercise
protocol was the same for conventional CR participants except the duration of session
that lasted 2 h instead of one. The week before and after the training program, peak
oxygen uptake (VO2 peak), oxygen uptake at first ventilatory threshold (VO2 at VT1),
peak workload, percent of predicted maximum HR, and the absolute differences in HR
and systolic blood pressure between maximum and recovery at 1 and 3 min were
measured using a CPET. A two-way ANOVA with one repeated measure and one
independent factor was performed.

Results: Fifty-four patients (mean age: 61.5 ± 8.6 years, 10 women) equally split in
the two groups were included in this experiment. A significant increase was observed in
both groups on VO2 peak (telerehabilitation: 8.1 ± 7.8% vs. conventional: 10.1 ± 9.7%,
p < 0.001), VO2 at VT1 (telerehabilitation: 8.8 ± 4.4% vs. conventional: 7.3 ± 19.0%,
p = 0.02) and peak workload (telerehabilitation: 16.6 ± 18.9% vs. conventional:
17.2 ± 7.0%, p < 0.001) after the 3-week telerehabilitation and conventional CR,
respectively. No significant difference was noticed between both groups.
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Conclusion: A 3-week exercise program improved patients’ cardiorespiratory fitness.
Telerehabilitation was as effective and represents a safe alternative CR program during
the COVID-19 period. In the future, this approach could facilitate the continuity of care
for patients unable to participate in center-based CR.

Keywords: telerehabilitation, physical activity, coronary artery disease, COVID-19, cardiorespiratory fitness,
exercise training, cardiac rehabilitation

INTRODUCTION

Coronary artery disease, one of the most common cardiovascular
(CV) diseases, accounts for a large proportion of deaths
worldwide (Roth et al., 2017). Secondary prevention consists
of decreasing as much as possible all CV risk factors in
order to avoid the recurrence of cardiac events (Ades, 2001).
Although preventive drug therapy is a priority after myocardial
infarction, patients suffer from neuromuscular deconditioning,
dyspnea, and poor quality of life (Cavalheiro et al., 2021). To
restore or increase physical abilities and reduce CV risk, a
cardiac rehabilitation (CR) program is required after myocardial
infarction (Iliou et al., 2015). A predominant part of CR is
physical exercise (Balady et al., 2007; Price et al., 2016; Ambrosetti
et al., 2021). Nevertheless, a holistic management strategy is
recommended (Balady et al., 2007). In addition to training,
programs provide behavioral changes and lifestyle therapeutic
education on coronary artery disease risk factor management and
psychological assistance (Ambrosetti et al., 2021). The objective
for active subjects is to regain their place in society and for
older persons to maintain their independence (Pavy et al.,
2012; Iliou et al., 2015). The benefits of CR are actually well
described in the literature (Wisløff et al., 2007; Scrutinio et al.,
2009; Piepoli et al., 2016). These include increased functional,
muscular and cardiopulmonary capacities and also greater
control of CV risk factors by adopting a better lifestyle, such as
smoking cessation, a heart-healthy diet, and stress management
(Scrutinio et al., 2009).

In December 2019, severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) was discovered in China (Pericàs
et al., 2020). Three months later, the World Health Organization
declared the SARS-CoV-2 disease (COVID-19) a pandemic
(Cucinotta and Vanelli, 2020). This virus spread very rapidly
throughout the world and caused many economic, social,
and health consequences (Pericàs et al., 2020). The latest
repercussion led to the saturation of hospital services which
were forced to close rehabilitation centers (Taylor et al., 2021).
Therefore, in many institutes or specialized CR clinics, the
programs were partially interrupted or suspended according
recommendations of scientific and public health authorities
(Haute Autorité de Santé, 2020; Ministère des Solidarités et de la
Santé, 2020). An alternative CR delivery strategies should be used
to remedy these barriers.

One of the solutions was to adapt the existing center-based
CR program to a remote approach offered by telerehabilitation
(Chan et al., 2016). Telerehabilitation is medical technology-
assisted delivery model to provide healthcare services
between healthcare professionals and home-based patients

(Silva-Cardoso et al., 2021). This therapy includes remotely
supervised exercise training and collective or individual
cardiac prevention and management heart disease meetings by
videoconference (Scherrenberg et al., 2021). To demonstrate
the effectiveness of cardiac telerehabilitation, some studies have
focused on quality of life, mainly assessed by questionnaires
(Gooley et al., 2021; Taylor et al., 2021). Patients also suffer from
physical limitations such as shortness of breath, lack of fitness,
and fatigue during exercise. Hence, one of the priorities is to
improve physical capacity.

The aim of this study was to investigate and measure the
effects of home-based CR compared to conventional center-
based CR on cardiorespiratory functions in coronary artery
disease patients. We hypothesized that telerehabilitation would
be as effective as traditional CR realized in a conventional
hospital setting.

MATERIALS AND METHODS

Inclusion Criteria
Firstly, we controlled the low risk of patients experiencing an
adverse event during CR. We based this on their postsurgical
or medical intervention complications (no complications),
asymptomatic, no ventricular arrhythmias, no heart failure, no
left ventricular dysfunction, and test results as CV response
during the cardiopulmonary exercise test (CPET) before the CR.

All participants had to be over 18 years old, had acute
coronary syndrome treated within the last 6 months, had
received coronary revascularization by percutaneous coronary
intervention (angioplasty with stent implantation) or surgical
operation (coronary artery bypass grafting). The exclusion
criteria were uncontrolled ventricular rhythm disorders and
articular or respiratory diseases.

In addition to meeting the above inclusion criteria, patients
who followed the home-based CR program were requested to
have internet access and an indoor exercise bike at home but were
excluded if they had significant deconditioning that required
on-site supervision.

All volunteers provided written informed consent before
beginning the experimentation. The study was in accordance
with the Declaration of Helsinki and the protocol was approved
by the Ethics Committee of the university hospital of Saint-
Etienne, France (IRBN1022021/CHUSTE).

Experimental Design
The non-randomized investigation was conducted from
September 2020 to March 2021 in a single rehabilitation center
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(Saint-Etienne University Hospital, Saint-Etienne, France).
CR was offered as soon as possible after 8 d of coronary
intervention (Corbett et al., 2021). Eligible patients were
assigned to two groups: home-based CR (telerehabilitation)
and traditional center-based CR (conventional CR). Each
group was composed of 4 patients per CR cycle (Figure 1).
This multidisciplinary medical and paramedical care was
offered to patients for 3 weeks. Exercise training represented
an essential part of this CR since participants practiced
four consecutive sessions of physical activity per week. The
last day of the week was devoted to a group therapeutic
education workshop. Before starting the intervention, patients
were interviewed by a specialist nurse about their CV risk
factors and personal objectives. According to their needs and
in addition to exercise program and collective meetings, a
medical, diet, psychology and/or tobacco expert could be
individually proposed by videoconference or face-to-face
according to the method of rehabilitation (McDonagh et al.,
2021). At the end of CR, recommendations and guidance

were given by physical activity specialist to maintain exercise
training independently.

Physiological Assessments
Elementary anthropometric measurements such as body mass
and body mass index (BMI) were assessed before and after the
3-week CR. BMI was calculated by dividing body mass (in kg) by
the square of body height (in m).

An initial transthoracic echocardiography was carried out to
define the left ventricular ejection fraction. Patients repeated this
test only if an abnormality was detected the first time.

The week before and after the intervention program, the
patients performed in hospital a maximum CPET on an
electronically braked ergocycle (Vyntus CPX, CareFusion, San
Diego, CA, United States). Two experienced medical doctors
specialists in exercise physiology (DH, FR) used a ramp-type
protocol, consisting of 2 min warming up to 10 W, followed
by a 10-W progressive increment every minute until exhaustion
(Writing Committee et al., 2012). The automated metabolic

FIGURE 1 | Decision flow chart. CR, cardiac rehabilitation.
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system analyzed respiratory gas exchange including oxygen
uptake (VO2). The average temperature and relative humidity
in testing room were 21◦C and 24%, respectively. Peak oxygen
uptake (VO2 peak) was determined as the mean value of the last
30 s of exercise. VO2 at the first ventilatory threshold (VO2 at
VT1) and the peak workload (PWL) were evaluated to illustrate
the achievable efforts without dyspnea such as carrying out tasks
of daily life without difficulty and the duration of the exercise,
respectively (Writing Committee et al., 2012).

Participants were monitored continuously with
electrocardiography (ECG). Hence, the heart rate (HR)
was recorded. Systolic blood pressure (SBP) was measured
manually by an experienced nurse using a random-zero
sphygmomanometer when the participant was sitting on the
cycle ergometer every 2 min during exercise, and at 1 and 3 min
recovery from exercise.

More specifically, we focused on the percentage of the
predicted maximum HR (%HRpeak = the ratio of peak measured
HR and peak predicted HR). HR recovery (HRR) was measured
at 1 and 3 min following peak HR during exercise. Peak HR was
identified as the maximum HR during the exercise protocol. HRR
1 min (1HRR 1 min) was defined as the absolute change from

peak HR to HR 1 min post peak HR (HRR1 = peak HR – HR at
1 min post peak HR) (Shetler et al., 2001; Arduini et al., 2011).
Similarly, HRs of recovery 3 min (1HRR 3 min) was calculated
as the absolute change from peak HR to HRs 3 min post peak
HR (Peçanha et al., 2017). Maximal SBP was the highest value
achieved during the exercise ECG. SBP recovery deltas between
maximal and at 1-min (1SBP 1 min) and 3-min (1SBP 3 min)
recovery from exercise were also measured.

Cardiac Telerehabilitation
The telerehabilitation process is described in Figure 2.
Medical and paramedical teleconsultations were carried out
by videoconference. Before the start of exercise training, the
personal coach checked the correct functioning of network
connection and presented the exercise training program. Patients
performed 1-h physical activity sessions at home using digital
technology available to them (computer or tablet). The training
session consisted of 30 min of cycling and 20 min of strength
training. The physical exercise program, the frequency and the
intensity were the same for the conventional CR group, except
the duration of training session lasted twice as long. To ensure
safety and adapt the intervention for each participant, they wore

FIGURE 2 | Experimental design of telerehabilitation intervention.
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a connected watch (Dona Care, Life Plus, Versailles, France)
to monitor the HR and assess the number of steps per day
during the program. They gave their perceived exertion using a
modified Borg scale from 0 (no sweating, no shortness of breath,
no exertion at all) to 10 (extremely hard exertion). In addition,
before each training session, the adapted physical activity coach
asked the patients about their fatigue or if they had pains.

Therapeutic Education Meetings
Once a week, a therapeutic education meeting was organized.
These educational and recreational thematic workshops allowed
to deal with the difficulties linked to a patient’s pathology
and to discuss the main issues related to their cardiac event
(Janssen et al., 2013; Pavy et al., 2013). Thanks to these meetings,
participants developed their knowledge of their CV disease and
the options to reduce their CV risk factors. A first workshop
was led by a cardiologist on cardiac medical intervention and
pharmacological treatment. A dietician coordinated the second
seminar relative to heart-healthy nutrition. The last topic by a
physiotherapist was on CPET and physical activity.

Physical Exercise Program
Figure 3 illustrates the physical training program. The first half
of the training session on a cycle ergometer was devoted to
aerobic endurance. The intensity of this prolonged submaximal
exercise was constant and adapted accordingly to the CPET
results of each patient. More specifically, the HR at VT1 defined

the intensity of endurance training session (Ambrosetti et al.,
2021). The physical exercise session included a warm-up period,
a CV training period, and a cool down phase. In addition, an
aerobic interval training was gradually offered as an alternative to
continuous endurance exercise. The dynamic resistance training
consisted of overall muscle strength training or focused more on
the lower or upper limbs.

Statistical Analysis
Statistical analyses were performed using JASP (version 0.15).
All data were reported as mean ± standard deviation (SD).
We checked distribution of normality and the homogeneity of
variances with the Shapiro-Wilk and Levene tests, respectively.
The effect of the training program on cardiorespiratory
parameters according to CR approach was evaluated using
two-way repeated measures ANOVA, i.e., CR groups
(telerehabilitation vs. conventional center-based) x time
(pre-post). Where a significant interaction difference occurred,
Tukey’s post hoc analyses were performed. For all statistical
comparisons, the level of significance was set at p < 0.05.

RESULTS

Fifty-four patients were recruited in this study (mean age:
61.5 ± 8.6 years, 11% women). Half of the patients completed
conventional CR in hospital (n = 27). The second half followed
the telerehabilitation program (n = 27). CV risk factors, cardiac

FIGURE 3 | Physical exercise intervention. VT, ventilatory threshold; HR, heart rate; CR, cardiac rehabilitation; RPE, rating of perceived exertion.
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TABLE 1 | Baseline characteristics of the participants.

Telerehabilitation (n = 27) Conventional CR (n = 27) p-value

Age (years) 63.3 ± 8.1 59.7 ± 9.1 0.13

Females 4 (15) 6 (22) 0.50

Distance from hospital (km) 41.2 ± 30.9 31.8 ± 22.4 0.36

Body mass (kg) 80.3 ± 17.3 72.1 ± 16.9 0.08

BMI (kg m−2) 27.0 ± 4.5 25.2 ± 4.6 0.16

LVEF (%) 54.9 ± 7.5 54.7 ± 9.5 0.53

LVEF < 50% 4 (15) 7 (26) 0.32

Beta blocker 23 (85) 25 (93) 0.40

Aspirin 25 (93) 27 (100) 0.16

Double APT 26 (96) 26 (96) 1.00

Statin 26 (96) 27 (100) 0.34

ACEI/ARB 23 (85) 27 (100) 0.33

High blood pressure 8 (30) 7 (26) 0.77

Dyslipidemia 8 (30) 8 (30) 1.00

Diabetes 2 (7) 0 (0) 0.16

Sleep apnea

Total 6 (22) 9 (33) 0.37

Whose detect during CR 2 (33) 5 (56)

Smoking status 0.14

Never 10 (37) 5 (19)

Former 17 (63) 22 (81)

Current 2 (7) 4 (15)

Coronary artery intervention

Medical 3 (11) 0 (0) 0.24

Angioplasty (stenting) 21 (78) 23 (85) 0.22

CABG 3 (11) 4 (15) 0.70

Values are mean ± SD or n (%). CR, cardiac rehabilitation; BMI, body mass index; CABG, coronary artery bypass grafting; APT, Anti-platelet; ACEI/ARB, angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker; LVEF, left ventricular ejection fraction.

TABLE 2 | Effect of 3-week exercise training on cardiorespiratory parameters between telerehabilitation and conventional cardiac rehabilitation program.

Telerehabilitation (n = 27) Conventional CR (n = 27) Main time
effect

Main group
effect

Interaction
effect

Pre Post Pre Post

VO2 peak (L min−1) 1.6 ± 0.4 1.7 ± 0.5*** 1.4 ± 0.4 1.5 ± 0.4*** <0.001 0.124 0.984

VO2 peak (ml min−1 kg−1) 20.0 ± 4.7 21.6 ± 5.0*** 19.5 ± 4.3 21.5 ± 4.7*** <0.001 0.844 0.678

VO2 at VT1 (ml min−1 kg−1) 13.7 ± 3.3 14.9 ± 3.5* 12.9 ± 3.0 13.8 ± 3.6* 0.023 0.222 0.771

PWL (W) 123.9 ± 36.8 144.4 ± 43.7*** 111.0 ± 34.1 128.1 ± 35.8*** <0.001 0.156 0.419

HR peak (bpm) 123.7 ± 22.6 127.9 ± 23.0*** 118.5 ± 18.9 130.9 ± 27.0***† <0.001 0.858 0.031

%HR peak (%) 79.7 ± 14.4 82.5 ± 14.8*** 72.3 ± 18.3 82.8 ± 15.7***† <0.001 0.379 0.038

SBP max (mmHg) 176.3 ± 26.4 179.9 ± 29.3 169.8 ± 22.8 173.0 ± 24.5 0.266 0.304 0.947

1HRR 1 min (bpm) 17.9 ± 7.4 19.9 ± 8.2* 13.0 ± 12.2 18.0 ± 10.5* 0.035 0.129 0.361

1SBP 1 min (mmHg) −1.5 ± 15.2 5.8 ± 22.0 4.7 ± 21.7 2.7 ± 22.1 0.530 0.714 0.277

1HRR 3 min (bpm) 34.0 ± 12.7 39.7 ± 13.9*** 27.3 ± 9.4 40.8 ± 16.4***† <0.001 0.399 0.018

1SBP 3 min (mmHg) 18.6 ± 19.0 20.4 ± 23.7 15.2 ± 18.7 18.5 ± 22.1 0.518 0.846 0.552

Duration CPET (min) 9.1 ± 2.6 10.3 ± 2.5** 8.6 ± 3.0 9.5 ± 2.6** 0.007 0.300 0.691

CR, cardiac rehabilitation; VO2 peak, peak oxygen uptake; VO2 at VT1, oxygen uptake at the first ventilatory threshold; PWL, peak workload; W, watts; HR, heart rate;
HR peak, peak heart rate; %HR peak, ratio of peak measured HR out of peak predicted HR; bpm, beats per minute; SBP, systolic blood pressure; mmHg, millimeters of
mercury; 1HRR 1 min, difference between maximum heart rate and heart rate after 1 min of recovery; 1HRR 3 min, difference between maximum heart rate and heart
rate after 3 min of recovery; CPET, cardiopulmonary exercise test.
*Significantly difference between baseline (p < 0.05).
**Significantly difference between baseline (p < 0.01).
***Significantly difference between baseline (p < 0.001);
†Time × method of cardiac rehabilitation interaction.
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intervention, medical treatment and baseline characteristics
of both groups are described in Table 1. No significant
differences between telerehabilitation and conventional CR
groups were observed at baseline. No adverse events were
occurred during the CR period and all participants completed the
exercise intervention.

The results are presented in Table 2. Except for SBP
parameters, we noticed a significant increase of all variables
within both groups, while there was no significant difference
between groups. VO2 peak and VO2 at VT1, are represented
in Figure 4. The same conclusions were applicable for these
physiological variables.

There were both time effect × CR method interaction for
HR peak (p = 0.031), %HR peak (p = 0.038) and 1HRR 3 min
(p = 0.018) values. Tukey post hoc tests showed statistically
significant time difference (pre vs. post) in conventional CR
group for these two variables. In addition, we observed a
significant difference between the conventional group at baseline
and telerehabilitation group after 3-week training program only
for 1HRR 3 min parameter.

DISCUSSION

This study examined the cardiorespiratory benefits after
a 3-week telerehabilitation compared to conventional CR

FIGURE 4 | Peak oxygen uptake (A) and oxygen uptake at the first ventilatory
threshold (B) before and after a 3-week exercise program between
telerehabilitation (black bars) and conventional CR (white bars) groups. CR,
cardiac rehabilitation; VO2 peak, peak oxygen uptake; VO2 at VT1, oxygen
uptake at the first ventilatory threshold. *Significantly difference between
baseline (p < 0.05); ***significantly difference between baseline (p < 0.001).

in hospital. The main findings of this research were an
improvement of VO2 peak, VO2 at VT1 and PWL, irrespective
of the CR strategy.

Enhanced cardiorespiratory fitness is one of the main
objectives after acute coronary syndrome (Price et al., 2016;
Pelliccia et al., 2021). In our experimentation, patients who
followed a telerehabilitation program increased VO2 peak, VO2
at VT1 and PWL, by 8.1, 8.8, and 16.6%, respectively. As
expected, we achieved similar physiological improvements as the
conventional center-based CR group since they increased by 10.1,
7.3, and 17.1%, respectively. The duration of the interventional
CR strategy was shorter than other investigations (i.e., 3 weeks
vs. 8–12 weeks) (Kraal et al., 2014; Batalik et al., 2020). This was
due to a more intensive and frequent exercise training with four
physical activity sessions per week. Therefore, the results were
similar to several other studies (Karapolat et al., 2009; Kraal et al.,
2014; Vysoký et al., 2015; Batalik et al., 2021).

Most studies which used telerehabilitation as an add-on to
center-based CR or an alternative for conventional CR suggested
that it was a safe and well tolerated approach for patients (Kraal
et al., 2014; Taylor et al., 2015; Kikuchi et al., 2021). It was also
the case in our study since all patients satisfactorily achieved
this CR program and no adverse events were reported. Thanks
to current technological advances (smartwatch, accelerometers,
pedometers), it is easier to collect and record physiological
constants in order to ensure the safety in home environment and
adapt the physical training intervention (Frederix et al., 2015;
Scherrenberg et al., 2021).

Moreover, one of the major issues of conventional
center-based CR is the low adherence (Zhang et al., 2018).
Telerehabilitation could increase the number of potential
participations (Batalik et al., 2021). In France, despite reimbursed
coverage and well organized post-infarction care, only 30%
of patients benefit from a CR program. Indeed, remote
technology assistance can overcome accessibility barriers
such as socioeconomic and travel difficulties, professional
constraints, geographical distance of CR center. The latter
two obstacles represent the major limiting factors in France.
Hence, telerehabilitation may be an additional feasible and
effective solution due to better integration of CR into the daily
life of patients.

In addition, Avila et al. (2020) assessed cardiorespiratory and
strength variables after one-year follow-up and highlighted the
preservation of exercise capacity for the telerehabilitation group.

The secondary outcome showed a time effect for all HR
parameters as above cardiopulmonary values and an interaction
(time × CR strategy) for the HR peak, %HR peak and 1HRR
3 min. Traditional CR remains a reference and it appears
to be more effective on the HR variables since a greater
improvement of these findings was observed in conventional
CR programs compared to telerehabilitation. The postexercise
HR response recovery could serve to assess autonomic nervous
system activity. The recovery HR reflects autonomic nervous
system activity after the exercise phase and more specifically
the reactivation of parasympathetic tone after cessation of effort
(Peçanha et al., 2017). A slow decline in HR after exercise suggests
non-optimal parasympathetic and orthosympathetic balance or
cardiac autonomic impairment. It is also a strong independent
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marker of CV mortality (Lipinski et al., 2004; Jouven and
Courbon, 2005). Physical exercise training in CR optimizes the
recovery kinetics postexercise. This is associated with improved
findings (Jolly et al., 2011).

Although some HR variables which reflect autonomic nervous
system components indicated lower improvements with the
telerehabilitation program and suggested to favor a center-based
CR, the various scientific evidence show that remote technology
services can be proposed to meet the objectives of CR.

Strengths and Limitations
We emphasized that our investigation is one of the first studies
conducted in France on the use of cardiac telerehabilitation
during the COVID-19 pandemic with objective physiological
measurements (few self-reported parameters). In addition, the
patients followed a holistic cardiac telerehabilitation, i.e., lifestyle
counseling, clinical examinations and exercise training.

We should add an autonomic nervous system measurement
to illustrate an improvement in the parasympathetic part and
a decrease in the orthosympathetic system. One limitation
of the present research study was the non-measurement
of telerehabilitation long-term effects. The duration of
training session was not the same between the two groups.
Telerehabilitation performed the exercise training program
without interruption, while patients who followed a standard
center-based CR had longer rest period. Furthermore, this
time included the changing room, general health checking,
physiological measurements like oxygen saturation and blood
pressure. Our investigation was not a randomized study, was
in a single rehabilitation hospital center and a control group
was absent. To validate these findings, we need to propose a
multicenter randomized controlled trial.

CONCLUSION

Following a 3-week exercise intervention effectively improved
cardiorespiratory capacities in coronary artery patients. This
investigation showed that telerehabilitation might become a
relevant alternative to conventional center-based CR. This
innovative healthcare delivery method appears to be a feasible,
tolerable, safe and cost-effective solution. In the future, this
approach could facilitate the continuity of care for people who
encounter geographical or social accessibility difficulties.
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