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Abstract

Aims Despite strong recommendations, outpatient cardiac rehabilitation is underused in chronic heart failure (CHF) patients.
Possible barriers are frailty, accessibility, and rural living, which may be overcome by telerehabilitation. We designed a
randomized, controlled trial to evaluate the feasibility of a 3-month real-time, home-based telerehabilitation, high-intensity
exercise programme for CHF patients who are either unable or unwilling to participate in standard outpatient cardiac rehabil-
itation and to explore outcomes of self-efficacy and physical fitness at 3 months post-intervention.
Methods and results CHF patients with reduced (≤40%), mildly reduced (41–49%), or preserved ejection fraction (≥50%)
(n = 61) were randomized 1:1 to telerehabilitation or control in a prospective controlled trial. The telerehabilitation group
(n = 31) received real-time, home-based, high-intensity exercise for 3 months. Inclusion criteria were (i) ≥18 years, (ii) New
York Heart Association class II-III, stable on optimized medical therapy for >4 weeks, and (iii) N-terminal pro-brain
natriuretic peptide >300 ng/L. All participants participated in a 2-day ‘Living with heart failure’ course. No other interven-
tion beyond standard care was provided for controls. Outcome measures were adherence, adverse events, self-reported
outcome measures, the general perceived self-efficacy scale, peak oxygen uptake (VO2peak) and a 6-min walk test
(6MWT). The mean age was 67.6 (11.3) years, and 18% were women. Most of the telerehabilitation group (80%) was
adherent or partly adherent. No adverse events were reported during supervised exercise. Ninety-six per cent (26/27)
reported that they felt safe during real-time, home-based telerehabilitation, high-intensity exercise, and 96% (24/25)
reported that, after the home-based supervised telerehabilitation, they were motivated to participate in further exercise
training. More than half the population (15/26) reported minor technical issues with the videoconferencing software.
6MWT distance increased significantly in the telerehabilitation group (19 m, P = 0.02), whereas a significant decrease in
VO2peak (�0.72 mL/kg/min, P = 0.03) was observed in the control group. There were no significant differences between
the groups in general perceived self-efficacy scale, VO2peak, and 6MWT distance after intervention or at 3 months post-
intervention.
Conclusions Home-based telerehabilitation was feasible in chronic heart failure patients inaccessible for outpatient cardiac
rehabilitation. Most participants were adherent when given more time and felt safe exercising at home under supervision, and
no adverse events occurred. The trial suggests that telerehabilitation can increase the use of cardiac rehabilitation, but the
clinical benefit of telerehabilitation must be evaluated in larger trials.
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Introduction

The prevalence of chronic heart failure (CHF) is high and
increasing, currently affecting around 26 million
people worldwide.1 This is likely to be due to a combina-
tion of the increasing age of the general population and
improved treatment for CHF patients.2 CHF carries a high
mortality rate and imposes reduced quality of life with
frequent hospitalizations.3,4 Consequently, the diagnosis
has major implications for the individual patients, their
families and society.1,5 High costs are directly associated
with medical treatment, and indirectly to a loss of
productivity and other attributable costs.1,6 The improve-
ment of health, quality of life and longevity of CHF patients
is therefore beneficial for both individual patients and
society.

A hallmark of CHF is the inability of the heart to supply
vital organs with sufficient blood flow, and this usually be-
comes evident during exercise.7 Nevertheless, the heart’s
capacity can be improved by exercise in both healthy indi-
viduals and patients with CHF,8–10 and cardiac rehabilitation
(CR) is an important component of CHF treatment. By im-
proving exercise capacity and quality of life, and by reduc-
ing hospitalizations, CR has obtained class 1 recommenda-
tion (level of evidence A) according to current
guidelines.11,12 High-intensity interval training has been
proven to be safe in patients with CHF, and some trials
have shown greater improvement in different cardiovascu-
lar parameters, compared with exercise with moderate
intensity.13

Despite strong recommendations, many patients with
CHF do not take part in CR programmes and remain
physically inactive.14,15 There are several barriers to CR
participation, including a high proportion of old and frail
patients, limited budgets, rural living, and long
distances to outpatient rehabilitation.16,17 Novel approaches
to increase adherence to physical activity in patients with
CHF are warranted.18 Telerehabilitation may offer patients
an opportunity to participate despite the barriers to
regular outpatient CR.19 Evidence of the feasibility of
telerehabilitation for CHF patients is, however, still
scarce.20–24

The aim of this trial was to investigate the feasibility of a
3-month real-time, home-based telerehabilitation, high-
intensity exercise programme for CHF patients inaccessible
for outpatient cardiac rehabilitation and to explore outcomes
of self-efficacy and physical fitness at the 3 months post-in-
tervention follow-up. We hypothesized that telerehabilitation
was feasible and that it would benefit self-efficacy and mea-
sures of physical fitness in the telerehabilitation group more
than the control group.

Methods

Trial design

In this prospective, randomized controlled trial, CHF patients
were randomized 1:1 to either a telerehabilitation or a
control group with a 3-month intervention period. Randomi-
zation was stratified by age (</≥60 years old) and left
ventricular ejection fraction (</≥40%). The randomization
procedure was administered by the Unit for Applied Clinical
Research at the Norwegian University of Science and Tech-
nology (NTNU) in Trondheim, Norway, to ensure impartiality.

The current trial was based on data on feasibility, self-
efficacy, and physical fitness from the ITISHOPE4HF trial
collected at baseline, directly after the intervention (‘end of
intervention period’), and at 3-month post-intervention
follow-up. ‘End of intervention period’was defined as comple-
tion of 24 exercise sessions (or last session for those not
completing 24 sessions) for the telerehabilitation group
(equals 3 months if participants met two times per week for
12 weeks) and 3 months for the control group. The main goal
of the ITISHOPE4HF trial was to determine whether
home-based telerehabilitation could increase physical activity
in CHF patients. The trial was approved by the Regional
Committee for Medical and Health Research Ethics in
Norway (2016/1597) and registered at ClinicalTrials.gov
(NCT03183323). The participants volunteered after receiving
oral and written information and provided a written, informed
consent form in accordance with the Declaration of Helsinki.

Participants

A total of 61 participants of both genders who were unable or
unwilling to participate in standard outpatient CR
programmes were recruited from two heart failure outpatient
clinics in Central Norway. CHF patients with reduced (≤40%),
mildly reduced (41–49%), or preserved (≥50%) ejection frac-
tion according to the 2016 and 2021 ESC guidelines for heart
failure11,12 were eligible if (i) their age was ≥18 years, (ii) they
were in New York Heart Association (NYHA) functional class II-
III, stable on optimized medical therapy for>4 weeks, and (iii)
N-terminal pro-brain natriuretic peptide (NT-proBNP) was
>300 ng/L. Exclusion criteria were any of (i) participation in
a CR programme within 6 months of enrolment, (ii) presence
of reversible CHF (such as severe valvular disease, not
revascularized coronary disease, uncontrolled hypertension,
or untreated arrhythmias), (iii) severe or very severe pulmo-
nary disease (e.g., COPD GOLD III-IV), or (iv) inability to exer-
cise safely at home for any reason.
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Trial procedures

All participants underwent baseline assessments and partic-
ipated in a 2-day ‘Living with heart failure’ course prior to
randomization. The baseline assessment included cardiopul-
monary exercise testing (CPET), a 6-min walk test (6MWT),
the general perceived self-efficacy scale questionnaire
(GSES), the short physical performance battery (SPPB),
and self-reported outcome measures concerning satisfac-
tion, safety, motivation, and technical challenges. All partic-
ipants also underwent a clinical examination and a medical
interview by an experienced physician and an echocardiog-
raphy by an experienced sonographer or cardiologist. The
supervising cardiologist was consulted in cases where
symptoms or findings could indicate elevated risk during
exercise. The same assessments were repeated both at
the end of the intervention period and at the 3-month
post-intervention follow-up, with the exception of CPET
and SPPB, which were not performed at the end of the in-
tervention period. All data were collected between June
2017 and June 2020. All participants attending the trial
were provided with a tablet computer (Apple iPad Air2®)
for free.

Intervention

2-day ‘Living with heart failure’ course
At baseline, all participants attended a 2-day ‘Living with
heart failure’ course which provided education about heart
failure pathology, disease management, lifestyle modifica-
tions and exercise physiology in heart failure, and
guideline-based recommendations for exercise training.11,12

The course was conducted by an experienced physician
(>10 years of experience in internal medicine), a consultant
cardiologist (>10 years of experience with exercise in heart
failure) and an experienced physical therapist specialized in
cardiac rehabilitation. Family members were welcome to join
the course, but this was not mandatory for participation. To
ensure the safety of home-based exercise, participants
underwent a maximal exercise test with 12-lead ECG
monitoring. Participants in the telerehabilitation group were
educated in the use of the tablet computer, the online
videoconferencing software used for the live group-based
exercises, and the pre-recorded videos with instructions for
home-based self-administered exercise.

Telerehabilitation group
The telerehabilitation group received real-time, home-based
high-intensity exercise intervention, guided remotely by an
experienced physical therapist specialized in cardiac rehabili-
tation via online videoconferencing software, twice a week
for a period of 3 months or equivalent (24 exercise
sessions). In cases where intervention was delayed due to

illness the intervention period was prolonged up to the
planned 24 sessions. High-intensity exercise was defined as
85–95% of HRmax. Participants were given extra time to
achieve the prescribed number of exercise sessions if their
participation was prevented by illness or injury. The online
videoconferencing software enabled two-way audio-visual
communication, which allowed the participants to communi-
cate with and see each other during sessions, as well as
group interaction.

Each session lasted for 60 min and started with a 20-min
warm-up period, followed by 4 bouts of 4 min of
high-intensity intervals, with exercises involving large mus-
cle groups, for example, deep squats, fast walking or run-
ning on the spot, side-steps on the spot, and a combination
of arm and leg movements. A video featuring the exercises
used is included as Data S1. Participants were instructed
and verbally encouraged to work at an intensity that caused
them to breathe heavily and to maintain the high-intensity
effort during intervals, equivalent to Borg scale above 15.
The intervals were interspersed with a 3-min recovery-
period with exercises of lower intensity focusing on upper
and lower body strength, as well as balance. Each session
ended with a 15-min calm-down period. The only additional
equipment needed for the exercises was a resistance band.
To improve safety beyond the comprehensive evaluation
that was conducted prior to randomization, all exercises
were performed in front of the tablet computer/TV set-up
so that the participants could be monitored and talked to.
Addresses and telephone numbers for all participants were
made available, enabling the physical therapist to immedi-
ately call for professional medical help in the event of an
emergency.

The tablet computer was either used alone or connected
to the participant’s TV for two-way audiovisual communica-
tion, with supervision projected on the TV and real-time
recording of the patient by the tablet. Participants were pro-
vided with instructions or assistance to connect the tablet
computer to their home Wi-Fi network. A 4G mobile network
SIM card was provided for participants without wireless inter-
net facilities at home.

Participants in the telerehabilitation group were encour-
aged to perform additional exercise sessions in order to meet
current guideline recommendations,12 and they had access to
pre-recorded exercise session videos with exercises equiva-
lent to the real-time group-based exercises. This gave the
participants more flexibility to adapt the telerehabilitation
programme into their daily life routines. After the end of
the real-time intervention period, the participants were en-
couraged to use the pre-recorded videos for the continuation
of their training.

Control group
Participants in the control group were encouraged to exercise
according to current guidelines for patients with CHF12 and
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underwent the exact same follow-up assessment as the
telerehabilitation group. The participants randomized to con-
trols were not contacted beyond the planned follow-up visits
at the end of the intervention period or 3-month post inter-
vention, and they did not report on the number of exercise
sessions performed.

Outcomes

The primary outcome measure of the current trial was the
feasibility of the telerehabilitation exercise intervention in
terms of adherence to protocol, occurrence of adverse events
and self-reported satisfaction, safety, motivation, and techni-
cal challenges (telerehabilitation group) during the interven-
tion period. Secondary outcome measures were changes in
self-efficacy measured by the GSES (telerehabilitation vs.
control group), physical fitness measured by the 6MWT and
peak oxygen uptake (telerehabilitation vs. control group),
and functional performance measured by the SPPB
(telerehabilitation vs. control group) from baseline to the 3-
month post-intervention follow-up.

Adherence to exercise
The participants’ adherence was categorised as: ‘adherent’
when attending ≥80% of the 24 sessions within 4 months;
‘partially adherent’ when attending 21–79% of the sessions
within 4 months; and ‘non-adherent’ when attending ≤20%
of the sessions within 4 months, as previously described by
Conraads et al.17 In our per-protocol analyses, an 80% partic-
ipation rate within 4 months was used as a cut-off for high
adherence, in line with Conraads et al.17 The supervising
physical therapist registered the attendance of each partici-
pant. Participants were encouraged to provide notification
in the event of absence, and enquiries were made if partici-
pants did not attend.

Many participants had atrial fibrillation, and we therefore
chose not to use heart rate monitors during the supervised
exercise sessions. To verify the probability that
high-intensity was reached, a subgroup of eight participants
wore a heart rate monitor during the final week of the
telerehabilitation period and used it during two supervised
group-based exercise sessions and two unsupervised ses-
sions. Intensity zones were calculated according to estimated
maximal heart rate (HRmax) during CPET at baseline, and high-
intensity was defined as 85–95% of HRmax. For the other par-
ticipants, the intensity was monitored by the supervising
physiotherapist aiming for heavy breathing and maintenance
of the high-intensity effort during the intervals.

Adverse events
Exercise session-related adverse events (AEs) were defined as
any unwanted or unfavourable medical event occurring dur-
ing exercise sessions, and the occurrence of any such event
was registered by the supervising physical therapist. At each

study visit, an experienced physician specifically interviewed
the participants regarding any clinical events. Hospital
records were consulted in order to verify reported events,
to discover any unreported events, and to ensure the com-
plete registration of AEs and serious AEs (SAEs). All events
were categorized separately by an experienced cardiologist
and an experienced nephrologist, according to good clinical
practice guidelines for clinical trials.

Self-reported satisfaction, safety, motivation, and technical
challenges
A short questionnaire about satisfaction, feeling of safety
during exercise, motivation to exercise and technical chal-
lenges related to the telerehabilitation equipment was com-
pleted by participants in the telerehabilitation group after
the intervention period. The questionnaire consisted of five
items, with two free-text spaces for general feedback on
the project and technical issues related to the equipment.
The five items had four response options: ‘not at all’, ‘small
degree’, ‘moderate degree’, and ‘largely/all the time/very
much/very often’ (Data S1).

Self-efficacy
The GSES25 consists of 10 items, with four graded alternative
answers that are scored from 1 to 4, where 1 refers to ‘not at
all true’ and 4 refers to ‘exactly true’. The cumulative score
was reported. A high score indicates better perceived
self-efficacy in daily life and stressful situations. The question-
naire had previously been translated into Norwegian.26 GSES
was assessed at baseline, at the end of the intervention pe-
riod, and at the 3-month post-intervention follow-up.

Cardiopulmonary exercise testing
CPET was performed on a treadmill (Woodway USA Inc.,
Waukesha, WI, USA), using a direct (breath-to-breath)
ergospirometry system (Vyntus CPX, Erich Jaeger GmbH,
Hoechberg, Germany) with 12-lead ECG monitoring (Custo-
Med, Promed, Dublin, Ireland). All tests were performed
blinded to group assignment by experienced personnel, and
under the surveillance of physicians whereof one of two
was blinded. Gas calibration using high-precision gas with
known concentrations of 16.00% ± 0.04% O2 and
5.00% ± 0.1% CO2 (Riessner-Gase GmbH & Co., Lichtenfels,
Germany) was performed before every fourth tests. Calibra-
tion against ambient air and automatic volume calibration
at 2 and 0.2 L/s were performed prior to every test. Peak
O2 uptake was defined as the highest oxygen uptake, aver-
aged over 30 s (three 10 s measurements) and presented in
mL/kg/min. Blood pressure was measured at rest, every
2 min during the test, and in the recovery phase (SunTech
Tango M2, SunTech Medical, Inc., NC, USA).

After an initial warm-up at an individually adjusted
speed, participants underwent a 3-min steady state work
economy measurement, before peak oxygen uptake was
measured in an individualized ramp protocol until exhaus-
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tion. Opening speed was adjusted according to the Borg
scale at the end of the steady state work economy mea-
surement. The individually adjusted speed was held con-
stant, and workload was added every minute by increasing
the inclination by 2–3%. CPET was performed by an experi-
enced physical therapist specialized in cardiac rehabilitation
and exercise physiology and by an specially trained, experi-
enced physician, at baseline and at 3-month post-interven-
tion follow-up.

6-min walk test
The 6MWT was performed as previously described.27 Total
walking distance was measured and recorded to the nearest
metre. The Borg scale score28 and pulse rate were collected
at the end of the test. Participants used walking aids if
needed. Because of the reduced health status of many partic-
ipants, the test was only performed once at each visit for all
participants. The minimal clinically important difference for
the 6MWT was considered to be 14 to 30.5 m in adults with
pathology.29 The 6MWT was supervised by unblinded study
personnel, a physical therapist specialized in rehabilitation
or an exercise physiologist. 6MWT was performed at base-
line, at the end of the intervention period, and at 3-month
post-intervention follow-up.

Short physical performance battery
SPPB30 was used to assess functional performance. This
comprises three parts. Each part is scored from 0 to 4,
and the maximum total score is 12 points. Assessment
was conducted according to present standards by study
personnel unblinded to group allocation. SPPB was per-
formed by a physical therapist specialized in rehabilitation
and exercise physiology at baseline and at 3-month post-
intervention follow-up.

Sample size

The sample size was calculated for the main trial based on
longitudinal changes in physical activity levels over a period
of 2 years. Although data were scarce, we estimated that
the controls would be physically active at moderate intensity
for 15 min/day, and that a clinically important change would
be 15 min/day at moderate intensity. Using Sample Power
(SPSS Sample Power, IBM®), 20 patients were needed in each
group to detect a clinically important difference between the
groups (SD 15 min), with power 90% and a two-way signifi-
cance level of 0.05. The estimated dropout rate was assumed
to be 30%, and the estimated placebo effect was 5 min/day.
Accordingly, 30–35 participants were planned for inclusion
in each group. Based on experience, we expected the sample
to provide adequate power for evaluation of the prespecified
aims of the trial.

Statistical methods

Descriptive data are presented as mean (SD) and count (%).
Continuous variables that were not normally distributed are
presented as median (inter-quartile range, IQR). Linear mixed
models were used, with normally distributed continuous out-
come variables as dependent variables and participants as
random effect. Time and group, and the interaction of the
two variables, were used as covariates. No systematic effect
of group at baseline was assumed, and the normality of resid-
uals was explored by Q-Q plots. Log-transformed data did not
affect any results, so analyses of untransformed data are re-
ported. The SPPB was analysed using mixed logistic models.
Primary and secondary outcomes were analysed as inten-
sion-to-treat. Per-protocol analyses using linear mixed
models were performed post hoc, to explore the impact of
the telerehabilitation intervention on the 6MWT.
Per-protocol adherence was set to an 80% participation rate
for 24 exercise sessions during a period of 4 months. The
level of significance was set to 0.05. All analyses were per-
formed by an experienced statistician using R version 2.13.1
(R Foundation for Statistical Computing, Vienna, Austria).

Results

Between June 2017 and April 2019, 231 participants with CHF
from the two participating outpatient heart failure clinics
were assessed for eligibility. Of these, 61 participants were
randomized and included in the baseline analyses. Figure 1
shows recruitment, randomization, drop-out, and follow-up
at two time-points. Baseline characteristics were similar in
both groups (Table 1), even small numerical differences were
seen for body mass index and NT-proBNP (both being
non-statistically different between groups).

Adherence to exercise

Details of adherence to the telerehabilitation protocol are
presented in Table 2. Of the 31 participants in the
telerehabilitation group, 25 (80.6%) were categorized as ad-
herent (≥80% attendance) or partly adherent (20–80% atten-
dance) to the exercise protocol. Three of the six participants
categorized as non-adherent were dropouts. The other three
participants had other health-related issues that prevented
them from exercising and/or experienced major technical
problems. Regardless of the time spent, 80.6% of the partic-
ipants completed ≥80% of the exercises (median number of
exercise sessions 25 (IQR 21–28)). The corresponding number
of months used for the exercise intervention for the
telerehabilitation group was a median of 5 (IQR 4.5–7.0).
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The eight participants wearing heart rate monitors during
the remotely guided real-time, home-based
telerehabilitation, exercise sessions reached an intensity of
between 80% and 95% of peak heart rate (HRpeak) during
the four bouts of 4-min high-intensity intervals with 81%
(SD 16), 86% (SD 16), 86% (SD 15), and 88% (SD 16) of HRpeak
during intervals 1–4, respectively.

Adverse events

No exercise session-related adverse events were reported
during the real-time, home-based exercise sessions that were
supervised via videoconferencing. One participant reported
an incident of hypoglycaemia after an unsupervised exercise
session. From baseline to the 3-month post-intervention fol-
low-up, two participants were responsible for 41% of the 22
AEs/SAEs in the telerehabilitation group, and two participants
were responsible for 69% of the 13 AEs/SAEs in the control
group.

Self-reported factors of satisfaction, safety,
motivation, and technical challenges

In total, 96% (26/27) of the participants felt safe ‘largely all
the time’ (23/27) or ‘to a moderate degree’ (3/27) during
the real-time, home-based exercise sessions supervised by
videoconferencing. A total of 96% (24/25) of the participants
were ‘very much’ motivated (11/25) or motivated ‘to a
moderate degree’ (13/25) to continue exercising on their
own after the intervention period. Finally, 59% (16/27) of
the participants experienced technical challenges related to
the real-time videoconferencing either ‘very often’ (5/27) or
‘to a moderate degree’ (11/27).

Self-efficacy

The results from the GSES questionnaire are presented in
Table 3. There were no statistically significant differences be-

Figure 1 Flowchart of participants through the trial. 1st follow-up: after the end of the intervention period; 2nd follow-up: 3-month post-intervention.
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Table 1 Participant characteristics and demographics at baseline

Telerehabilitation group (n = 31) Control group (n = 30) Total (n = 61)

Demographics
Male, n (%) 23 (74.2) 27 (90.0) 50 (82.0)
Female, n (%) 8 (25.8) 3 (10.0) 11 (18.0)
Age, years 67.6 ± 10.9 67.7 ± 11.9 67.6 ± 11.3
Marital status

Unmarried, n (%) 3 (9.7) 7 (23.3) 10 (16.4)
Married, n (%) 19 (61.3) 16 (53.3) 35 (57.4)
Divorced, n (%) 3 (9.7) 4 (13.3) 7 (11.5)
Cohabitant, n (%) 2 (6.5) 1 (3.3) 3 (4.9)
Widow/widower, n (%) 4 (12.9) 2 (6.7) 6 (9.8)

Education
Primary school, n (%) 2 (6.5) 5 (16.7) 7 (11.5)
High school, n (%) 17 (54.8) 11 (36.7) 28 (45.9)
University undergraduate, n (%) 11 (35.5) 11 (36.7) 22 (36.1)
University graduate, n (%) 1 (3.2) 3 (10.0) 4 (6.6)

Level of dependency
Employed or able to work, n (%) 4 (12.9) 4 (13.3) 8 (13.1)
Independent ADL, n (%) 27 (87.1) 26 (86.7) 53 (86.9)

Systolic blood pressure, mmHg 120.4 ± 20.5 117.1 ± 18.9 118.8 ± 19.7
Diastolic blood pressure, mmHg 71.3 ± 12.3 72.5 ± 13.3 71.9 ± 12.7
Anthropometrics
Body mass index (kg/m2) 27.6 ± 4.7 28.9 ± 5.1 28.2 ± 4.9
Body surface area (m2) 2.0 ± 0.2 2.1 ± 0.2 2.0 ± 0.2
Waist-to-hip ratio 1.01 ± 0.09 1.05 ± 0.07 1.03 ± 0.08
Heart failure characteristics
Ischemic aetiology, n (%) 15 (48) 19 (63) 34 (56)
Non-ischaemic aetiology, n (%) 16 (52) 11 (37) 27 (44)
Reduced ejection fraction, n (%) 21 (68) 23 (77) 44 (72)
Mildly reduced ejection fraction, n (%) 6 (19) 6 (20) 12 (20)
Preserved ejection fraction, n (%) 4 (13) 1 (3) 5 (8)
NYHA class II, n (%) 24 (77.4) 26 (86.7) 50 (82.0)
NYHA class III, n (%) 7 (22.6) 4 (13.3) 11 (18.0)
Left ventricular ejection fraction (%) 36.4 (12.1) 32.4 (11) 34.4 (11.6)
NT-proBNP, ng/L 1,501 (IQR 3305) 1,640 (IQR 3942) 1,555 (IQR 3578)
Co-morbidity and risk factors
Peripheral artery disease, n (%) 3 (9.7) 4 (13.3) 7 (11.5)
Diabetes, n (%) 7 (22.6) 10 (33.3) 17 (27.9)
Hypertension, n (%) 16 (51.6) 17 (56.7) 33 (54.1)
Heart rhythm

Atrial fibrillation/flutter, n (%) 16 (51.6) 13 (43.3) 28 (45.9)
Sinus rhythm, n (%) 11 (35.5) 14 (46.7) 25 (41.0)
Other, n (%) 4 (12.9) 3 (10.0) 7 (11.5)

COPD (GOLD 1 or 2), n (%) 2 (6.5) 6 (20.0) 8 (13.1)
Implanted pacemaker, n (%) 2 (6.5) 3 (10.0) 5 (8.2)
Implanted CRT and/or ICD, n (%) 3 (9.7) 6 (20.0) 9 (14.8)
Current smoker, n (%) 4 (12.9) 4 (13.3) 8 (13.1)
Former smoker, n (%) 15 (48.4) 21 (70.0) 36 (59.0)
Medication

Statins, n (%) 21 (67.7) 20 (66.7) 41 (67.2)
Β-blockers, n (%) 30 (96.8) 26 (86.7) 56 (91.8)
Diuretics, n (%) 27 (87.1) 21 (70.0) 48 (78.7)
ACE inhibitors or ARB, n (%) 27 (87.1) 28 (93.3) 55 (90.2)
Angiotensin II receptor blocker, n (%) 17 (55) 11 (37) 28 (46)
Aldosterone antagonist, n (%) 13 (41.9) 11 (36.7) 24 (39.3)
ARNi, n (%) 3 (9.7) 3 (10.0) 6 (9.8)
Ivabradine (%) 0 (0) 0 (0) 0 (0)
SGLT2-inhibitators (%) 0 (0) 0 (0) 0 (0)

Quality of life
General perceived self-efficacy scale 29.8 ± 3.8 31.0 ± 4.9 30.4 ± 4.4

Physical performance
VO2peak, mL/kg/min 17.5 ± 4.4 17.9 ± 4.8 17.7 ± 4.6
VO2peak, L/min 1.47 ± 0.44 1.60 ± 0.59 1.53 ± 0.52
6-min walk test distance, m 470 ± 123 461 ± 118 465 ± 119
Short physical performance battery 11.0 (IQR 4.0) 10.5 (IQR 2.3) 11.0 (IQR 3.0)
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tween groups in the GSES scores at the end of the interven-
tion period and at 3-month post-intervention follow-up. No
statistically significant change from baseline was seen in
either group.

Cardiopulmonary exercise testing

The results for VO2peak from CPET at baseline and 3-month
post-intervention follow-up are presented in Table 3. A statis-
tically significant decrease of �0.72 mL/kg/min (95% CI
�1.36, �0.08) in VO2peak was observed in the control group
from baseline to 3-month post-intervention follow-up,
P = 0.03. There were no statistically significant differences be-
tween groups at 3-month post-intervention follow-up.

6-min walk test

The results from the 6MWT at baseline, at the end of the in-
tervention period and at the 3-month post-intervention fol-
low-up are presented in Table 3. From baseline to the end
of the intervention period, the telerehabilitation group signif-
icantly increased their walking distance by 19.1 m (95% CI
3.0, 35.1), P = 0.02, while the control group increased their
distance by 15.3 m (95% CI –1.1, 31.6), P = 0.07. At the 3-
month post-intervention follow-up, the corresponding in-
crease from baseline was 9.2 m (95% CI –7.6, 25.9),
P = 0.29, for the telerehabilitation group and 1.9 m (95% CI
15.0, 18.7), P = 0.83 for the control group. There were no sta-
tistically significant differences between groups at the end of
the intervention period or at 3-month post-intervention fol-
low-up.

Short physical performance battery

There was no statistically significant difference in the SPPB
total scores between the groups at the 3-month post-inter-

vention follow-up, where the mean difference was 0.66
(95% CI 0.20, 1.97), P = 0.50.

Per-protocol analyses

Per-protocol analyses for the 6MWT showed an increase of
29.6 m (95% CI 7.6, 51.7) in the adherent telerehabilitation
group and 15.3 m (95% CI 0.6, 30.0) in the control group from
baseline to the end of the intervention period with no statis-
tically significant difference between the groups (mean differ-
ence 14.4 m (95% CI –12.2, 40.9), P = 0.29). At the 3-month
post-intervention follow-up, the change from baseline was
14.3 m (95% CI –9.4, 37.9) in the adherent telerehabilitation
group and 1.9 m (95% CI –13.3, 17.0) in the control group,
with no statistically significant difference between the groups
(mean difference 12.4 m (95% CI –15.7, 40.5), P = 0.39).

Discussion

This is the first study to assess the feasibility of
telerehabilitation in CHF patients inaccessible for outpatient
cardiac rehabilitation. We found that a large proportion of
participants were adherent or partially adherent to the exer-
cise protocol in our trial. Importantly, the participants felt
safe, and no adverse events were registered during the
real-time, supervised, high-intensity exercise training at
home. The participants were relatively old, and about half
of them experienced some technical issues with the equip-
ment that was used for videoconferencing. However, most
participants managed both the physical and technical de-
mands, and were motivated for further exercise training. To-
gether, this adds to the knowledge base by showing that
telerehabilitation may help more patients to receive treat-
ment, in accordance with the guidelines.

Most participants completed 24 exercise sessions, but the
median time taken to pass the 80% cut-off was 5 months. Ac-
cording to the prespecified criteria for adherence of attending
≥80% of 24 exercise sessions within a 4-month period, 39% of
the telerehabilitation group were defined as adherent to the
protocol. Following these criteria, adherence was lower than
in some studies of outpatient and home-based CR
programmes.21,24,31 To our knowledge, only one trial21 has im-
plemented real-time, home-based group exercise by video-
conferencing in a heart failure population, and this reported
an adherence of 71%. This trial is equivalent to ours, although
we included participants who were either unable or unwilling

Descriptive data presented as mean ± SD, median (IQR) or count (%).
ACE inhibitors, angiotensin-converting enzyme inhibitors; ADL, activities of daily living; ARB, angiotensin II receptor blocker; ARNi, angio-
tensin receptor-neprilysin inhibitor; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; ICD, implant-
able cardioverter-defibrillator; SGLT2 inhibitors, sodium-glucose cotransporter 2 inhibitors; VO2peak, peak oxygen uptake; reduced
ejection fraction (≤40%); mildly reduced ejection fraction (41–49%); preserved ejection fraction (≥50%).

Table 2 Adherence in the telerehabilitation group

Telerehabilitation group Exercise sessions N (%)

Total 13.6 (8.1) 31 (100)
Adherent 21.3 (2.5) 12 (38.7)
Partially adherent 12.6 (3.0) 13 (41.9)
Non-adherent 0.3 (0.8) 6 (19.4)

Exercise sessions reported as mean (SD). Adherent ≥80% of 24 ses-
sions, partially adherent 21–79%, non-adherent ≤20% (within
4 months).
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to participate in standard outpatient CR. By including partially
adherent participants in our trial, the proportion reached 80%,
and, considering that most participants exercised 25 times
over 5months, the overall adherence was high and in line with
other studies.21,24,31 Different definitions of adherence and in-
clusion criteria across trials make comparisons difficult. Most
participants were unable to attend every prespecified
twice-weekly exercise session and used a longer time to com-
plete the CR, mainly due to ailments or hospitalizations caused
by CHF or co-morbidities. Most participants had co-morbid-
ities, which has been associated with lower participation rates
in CR programmes.17 Participation rates also decrease after
70 years of age and decrease even more after the age of
80.32 Even though the mean age in our trial is below 70 years,
28 (46%) and 7 (11%) of our participants were older than 70
and 80 years, respectively. Female participants were under-
represented, and the main reason is probably the lower pro-
portion of women with heart failure with reduced ejection
fraction. Based on our data we found no indication that
womenwere lessmotivated or frightened by the technological
aspects of telerehabilitation.

Previous studies have shown that elderly patients experi-
ence barriers in the adoption of new technologies such as
tablet computers,33 and more than half the participants re-
ported having technical issues at some point. These technical
issues were often connectivity problems, yet most of the
participants were motivated for further exercise. Importantly,
most felt safe during the real-time, home-based group-exer-
cises conducted via videoconferencing.

This trial was not powered to evaluate safety. However,
only one patient experienced an AE in close relation to the
exercise. This was a 73-year-old woman with diabetes, who
experienced hypoglycaemia after a self-administered exercise
session via pre-recorded video. As 28% of the participants in
this trial had diabetes mellitus (mostly type II), and the prev-
alence in CHF in general is high, the risk of
exercise-associated hypoglycaemia should be emphasized to
patients and caregivers.

There was no change in the participants’ self-efficacy, as
assessed by GSES, in either group. Self-efficacy is believed
to affect a person’s ability to engage in and maintain healthy
behaviour and to cope with stress, and the participants
scored within the range of normal values for their age.34

The low impact on physical fitness in the telerehabilitation
group may partly be a result of discontinuity in the
telerehabilitation protocol. The 12 participants completing
24 exercises within the 4-month period had the greatest
benefit from the telerehabilitation intervention, as shown
by the per-protocol analyses. Variations in the course of the
disease or the co-morbidities may have influenced not only
the continuity in the telerehabilitation protocol, but also
the schedule for the follow-up visits and the assessments
themselves. The telerehabilitation group significantly in-
creased the walking distance (by 6MWT) from baseline toTa
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the 3-month follow-up by 19 m, which is considered to be
clinically significant in adults with pathology.29 Using the
6MWT, the control group increased their walking distance
by 15 m, which is also within the range of clinical
significance.29 As the included participants were either un-
able or unwilling to participate in outpatient CR, both subop-
timal adherence to the intervention and supranormal adher-
ence to guidelines in controls could be expected. The control
group had a significant decrease in peak oxygen uptake, while
the telerehabilitation group managed to maintain oxygen up-
take levels until the 3-month post-intervention follow-up.
Peak oxygen uptake was not measured directly after the
end of the intervention period, as the main purpose was to
study the long-term effects of telerehabilitation on physical
activity, and the effect of high-intensity interval training on
oxygen uptake is already well-established.15

Unlike other trials, we included participants who were
either unable or unwilling to participate in standard outpa-
tient CR programmes. Together with the wide inclusion
criteria, this may have led to the inclusion of less mobile
CHF patients than in other trials. However, the success of
the inclusion of participants who refuse participation in out-
patient CR, and the completion of the telerehabilitation pro-
gramme (although using more time), is promising, with re-
gard to reducing the underusage of CR. Furthermore,
telerehabilitation have been shown to more cost-effective
than outpatient cardiac rehabilitation.35 However, we have
not available data to support this finding.

Strengths and limitations

A major strength of this trial is the novel approach of includ-
ing participants who are unable or unwilling to participate in
standard outpatient CR programmes. This subgroup of the
CHF population is often excluded from randomized controlled
trials and structured CR programmes.16 This may have led to
a less motivated and less adherent heart failure population in
our trial, compared with other studies, and the generalizabil-
ity of the trial may be limited due to the inclusion of this
selected group of patients.

Another strength is the follow-up conducted 3 months
after the end of the intervention period to observe whether
the effects of the telerehabilitation intervention were
sustained after termination of the organized exercise
sessions. We recognize that any conclusions about safety of
real-time, home-based telerehabilitation for CHF patients
based on our trial will be limited by the sample size and the
length of the intervention.

Even so, our results are promising, showing no severe com-
plications or adverse events during exercise.

The number of self-administered exercise sessions was
self-reported, which means that the total training volume
for both groups is uncertain. A cross-over effect of being part

of a trial is also anticipated, as those individuals who consent
to participate tend to be more motivated to exercise than
the average population. Several exercise sessions were
interrupted by internet connectivity issues during the trial
period, and stable internet environments are crucial for the
satisfactory performance of this type of exercise. No mea-
surement of O2 saturation was performed during the various
test phases of the 6MWT, as this was not standard operating
procedure at our hospital for patients without chronic
obstructive pulmonary disease.

We are aware that some recommend intervals at moder-
ate intensity ahead of high-intensity exercise training.36

There is, however, substantial evidence that high-intensity
interval training has been carried out safely and successfully
in heart failure patients, both in clinical settings and as
home-based supervised exercise, without initializing
moderate-intensity exercise preparation.15,37,38 Nevertheless,
the inclusion of a supplementary control group exercising at
moderate intensity would have strengthened the trial.

Clinical relevance

The present trial provides promising results regarding the
uptake of CR in CHF patients by telerehabilitation, with a pos-
itive effect on physical performance when participants are
adherent to the protocol. The participants found exercising
in their own home, with real-time supervision via videocon-
ferencing software, to be safe and motivational, despite the
occurrence of some technical issues. Unlike many other
studies that have recruited a selected group of motivated
CHF patients, we included CHF patients who were either un-
able or unwilling to participate in outpatient cardiac rehabil-
itation, and we showed that it is possible to engage this
population in exercise-based cardiac rehabilitation facilitated
by telemedicine. Analyses of the long-term effects of the
telerehabilitation intervention and cost utility were not per-
formed, and this should be explored in further research.

Conclusions

Telerehabilitation was feasible in CHF patients inaccessible
for outpatient CR. The participants were highly adherent
when given more time, and felt safe during real-time, high-
intensity exercise in their homes, and reported a high level
of satisfaction and motivation for further exercise. Although
there were no significant differences between groups regard-
ing self-efficacy and physical fitness, per-protocol analyses
showed significant improvements in physical fitness achieved
by telerehabilitation. The use of tele-rehabilitation and
videoconferencing to provide CR may enable more patients
to exercise at home, and reduce the underusage of CR in
heart failure.
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