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Background: Integrating biomedical sensors to a telerehabilitation platform allowed clinicians to receive
real-time transmissions of the electrocardiogram (ECG) signal, oxygen saturation, and heart rate during an
exercise program. These clinical data could be helpful to adjust and personalize the intensity of exercises to
each patient’s condition. The purpose of this study was to evaluate the feasibility and usefulness of biomedical
sensors in telerehabilitation in patients with heart failure (HF).

Methods: Four participants with HF (mean age 66 years) followed the 12-week cardiac program using
telerehabilitation, including sensors to monitor real-time vital signs during sessions. The exercise program
included cardiovascular, strengthening and flexibility exercises. Participants were evaluated before
the intervention and one month after the end of the program. Functional capacity was measured with
Cardiopulmonary Exercise Testing (CPX), the 6-minute walk test (6MWTT), and the sit to stand test (STST).
Quality of life was objectified using the Kansas City Cardiomyopathy Questionnaire (KCCQ).

Results: Our main objective demonstrated that real-time biomedical sensors can be safely used by clinicians
during a telerehabilitation session. Most participants showed a tendency to improve their physical capacities
such as walking distance and lower limb muscular strength. As a main outcome of cardiac rehabilitation (CR),
quality of life seems to improve after the 12-week intervention.

Conclusions: This study proved the feasibility of using telerehabilitation with real-time biomedical
sensors as an alternative or a complement to the conventional CR program. Use of sensors allowed a safe
environment for the patient and an adequate and personalized exercise prescription. Limitation in one-to-
one supervision must be challenged in future clinical trials to demonstrate that telerehabilitation could be

efficient for cardiac patients requiring more individual supervision than group sessions in a gymnasium.
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Introduction Frequent clinical symptoms such as dyspnea, oedema,

Heart failure (HF) is a complex syndrome, defined by a fatigue, and orthopnea lead to a reduced quality of life

weakness of the heart’s pumping action. Typical signs of HF for patients suffering from this condition (2). In Canada,
are weak cardiac output, pulmonary or systemic congestion, around 500,000 people live with HF and 50,000 diagnoses

and an increased risk of developing such conditions (1). are made each year (3). One in 5 Canadians aged 40 years
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and over will be affected by HE with a 23% mortality rate
at 1 year. Hospitalization rates due to HF should triple by
2050, leading to subsequent increased healthcare costs (4).
In 2005, international recommendations concerning HF
treatment included drugs and a global care plan involving
diet control, regular physical activity, and education (5).

Cardiac rehabilitation (CR) supports the global care
initiative, adding a psychological and social aspect to its
care plan (6). In preventing deconditioning, CR gives tools
to patients with HF to better manage their symptoms
and to reduce future hospitalizations and associated costs
(7-11). Despite the proven benefits of CR, only 34% of
eligible patients are directed to this program (12-14) and
20% of them actually complete the program (15). Factors
associated with underutilization of CR include difficult
access to CR, availability, travelling issues caused by lack
of transportation, poor health (16), financial costs, and
other personal barriers (17).

"Telerehabilitation is one of the proposed solutions to
meet the increasing demand and improve access to HF care
programs. This method of healthcare service delivery uses
telecommunication technologies allowing the transmission
of real-time audio and video data over the Internet. This
approach allows the patient to receive interventions at
home while the healthcare professionals remain at their
work location (18). Telerehabilitation has already proven to
be effective in many patient populations, including patients
burdened by strokes (19), multiple sclerosis (20,21), or knee
replacements (22-24). However, only a few telerehabilitation
studies exist in the cardiorespiratory population.

In CR, Hwang et al. (25) conducted a non-inferiority
RCT with 53 patients with chronic HF. Patients received
a 12-week, real-time exercise/education intervention
program, either using online group-based videoconferencing
software (experimental) or a traditional hospital outpatient-
based program (control). Results showed no significant
difference in clinical outcomes between the groups, and
observed significantly higher attendance rates in the
telerehabilitation group. The telerehabilitation intervention
group demonstrated non-inferiority over traditional
methods despite the lack of real-time monitoring of vital
signs with participants’ vitals only reported once verbally, at
the beginning of each intervention session. However, this
lack of simultaneous monitoring of vital signs could have
had an impact on the personalization and the intensity of
the program, as the exercises could not be adjusted to the
patient’s condition while they were being executed. In such
a fragile population, real-time data could also prove useful
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as a safety feature to detect and prevent cardiac problems
that could occur during the sessions.

In this context, sensors were included in our
telerehabilitation platform, allowing real-time transmission
to the clinician of the electrocardiogram (ECG) signal,
oxygen saturation, and heart rate through the system for
the entire length of each exercise session. These clinical
data could help optimize the exercise prescription and make
timely adjustments to the patient’s condition, if needed, to
ensure the patient’s safety.

"To our knowledge, no studies exist on the telerehabilitation
of patients with HF using a videoconferencing system,
including live-feed sensors to monitor real-time vital signs.
Thus, this pilot study’s focus is to demonstrate the feasibility
of the use of real-time ECG signals in the rehabilitation
of HF patients with the aim of improving their functional
capacity and quality of life.

Methods
Design

This pilot study used a pre-/post-test device without a
control group. Assessments were performed before the
treatment (T'1) and one month after the end of treatment
(T2), as shown in Figure 1.

Sample

Patients with HF were recruited by a cardiologist from
the Centre intégré universitaire de santé et de services
sociaux de I’Estrie - Centre hospitalier universitaire de
Sherbrooke (CIUSSS de 'Estrie-CHUS). If the participant
was interested in participating in the study, a research
agent reached him/her by phone to further explain the
study, verified admissibility criteria, and scheduled the
T1 assessment. Inclusion criteria were to have: (I) a HF
diagnosis with a left ventricular ejection fraction (LVEF)
<40%, which is in accordance with the definition of HF; (II)
a score of I, II or IIT on the New York Heart Association
(NYHA) scale (26); (III) >18 years old; (IV) medical stability
4 weeks prior to T1; (V) no CR in the past 12 months;
(VI) physician’s approval to do exercises; (VII) a sufficient
understanding of verbal and written instructions to follow
a remote treatment; (VIII) access to a high-speed Internet
connection. Exclusion criteria were to have: (I) inability
to give informed consent; (II) a rheumatic, articular, or
neuromuscular pathology preventing use of a stationary
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Figure 1 Evaluation timeline.
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Figure 2 Technological platform including sensors.

bicycle; (III) an unstable cardiac condition; (IV) oxygen
dependency; (V) a LVEF <35% without pacemaker/
defibrillator, for security reasons.

The study was previously approved by the Research
Ethics Board of the CIUSSS de PEstrie-CHUS (No. 2016-
1175) and the informed consent was obtained from all
patients.

Telerebabilitation platform

The telerehabilitation platform that was used in this study
is presented in Figure 2. A clinician system was installed on
a dedicated computer at the clinic. A speaker, microphone
and a pan-tilt-zoom (PTZ) camera were connected to the
computer. A similar system was installed at each participant’s
home. On the software side, a solution developed by the
research team, Vigil2, allowed the clinician to execute the
telerehabilitation sessions and provided remote control
on both cameras (local and remote), allowed for live bi-
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Internet
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directional audio and video communication with a secure
connection over the Internet, allowed for live sensor data
streaming and provided an easy to use experience for both
the clinician and the patient. Work is now in progress to
open-source that software for general use and to facilitate
the distribution of the platform.

As an innovative device used in cardiac telerehabilitation,
the patient had two commercial biomedical sensors
wirelessly transmitting a real-time ECG signal (180°
eMotion Faros device), oxygen saturation, and heart rate
(Nonin WristOx2 3150 device) to the clinician’s system.
The ECG signal was validated remotely in real-time by
a nurse clinician to detect abnormal cardiac function
during the exercises. The cardiology team trained the
physiotherapist to detect any critical events.

Tele-treatment

Each session lasted approximately one hour, beginning
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with a quick screening of HF symptoms to evaluate for
any contraindications to exercise: dyspnea, dizziness, ankle
and belly oedema, fatigue or weakness, and sudden weight
gain. The program included a warm up, cardiovascular
exercises on a stationary bicycle, strengthening exercises,
flexibility exercises, and a cool down. Exercise intensity
was established depending on the clinical data (heart rate,
ECG and oxygen saturation) transmitted to the clinician by
platform-integrated sensors. The rehabilitation program
lasted 12 weeks, with 3 sessions per week. For the first
2 weeks, the 3 sessions were done with supervision over
telerehabilitation. For the weeks 3 to 7, 2 sessions were
supervised and 1 was performed without supervision
by the patient at home. Finally, for weeks 8 to 12, only
1 session was supervised and 2 were performed without
supervision. Decreasing the supervised sessions to the
benefit of unsupervised sessions was done to encourage
patient responsibility to maintain an active lifestyle, and
be aware of their limits. To help them, participants had to
fill out a journal for the duration of the program regarding
the exercises done, rate of perceived exertion on the Borg
scale, saturation, and heart rate. Exercise progression was
personalized, based on each patient’s response to the entire
program: execution of the exercises, respect of the target
cardiac rate, of the Borg scale, and the ECG.

Outcome measures

Feasibility of using live-feed ECG was assessed by the rate
of non-valid ECG signal during the 45 minutes of training.
Phone calls made to the technician to solve problems (log
book) were collected.

Efficacy of the telerehabilitation intervention was
established by the change of physiological and functional
variables between T2 and T1. The primary outcome of
the study was the functional capacity change between T1
and T2 as measured by Cardiopulmonary Exercise Testing
(CPX) with simultaneous monitoring of respiratory
gases (27). The patient had to pedal on a stationary bicycle
in a dynamic and progressive way in order to observe
functional adaptations and to link them to symptoms. On
average, the duration of the test ranged between 10 and
12 minutes (28). Two variables from the CPX were
analyzed: (I) the VO, peak, and (II) the ventilatory
adaptation threshold (SV1). The VO, peak indicates
heart function and the maximal oxygen uptake and the
SV1 indicates aerobic capacity. These variables are good
markers of CR improvement (29,30).
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Two other physical outcomes were measured: the
6-minute walk test (6MWT) and the sit to stand test
(STST). The 6MWT requires a 100-foot hallway, and it
measures the distance that a patient can quickly walk on a
flat and hard surface, for 6 minutes (31,32). The 6MW'T
provides information regarding functional capacity,
response to therapy, and prognosis across a range of chronic
cardiopulmonary conditions. Heart rate and saturation were
taken both before and after the 6MW'T to measure the
patient’s response to an endurance exercise and recovery.
A distance of less than 350 meters is associated with
increased mortality in COPD, chronic HE, and pulmonary
arterial hypertension (31,32). The distance of 54 meters
is the minimal detectable change for patients with COPD
(95% confidence interval: 37-71 m) (31). The sit-to-stand
(STS) (33) measures the general lower extremity strength
by recording the time required to complete 5 successive
“sit-to-stand” repetitions (33,34). The test-retest reliability
of the STS is high (ICC =0.89).

To measure quality of life, the Kansas City
Cardiomyopathy Questionnaire (KCCQ) was used. This
test is valid, reproducible and sensitive for patients with HE.
It includes 15 questions on the influence of HF on quality
of life and contains 23 items subdivided in 7 domains:
“Physical Limitation (6 items), Symptom Stability (1 item),
Symptom Frequency (4 items), Symptom Burden (3 items),
Self-Efficacy (2 items), Quality of Life (3 items) and Social
Limitations (4 items)” (35). Each item is auto-administered
by the patient, and quoted on a numeric scale for a total
score between 0 and 100. A high score shows a better
health status (35). Two subscores can be measured: (I)
overall summary, which regroups the mean of the physical
limitation, total symptoms, quality of life, and social
limitation, and (II) clinical summary that is the mean of the
physical limitation and total symptoms. For both subscores,
a significant change is defined as an increase of more than
5 points (36).

Data collection procedures

Outcomes were measured twice, once before the
intervention (T1) and 1-month post-intervention (T2). An
independent research clinician carried out both evaluations.
The first evaluation was split over 2 days.

On the first day, patients signed the consent form and
then answered the KCCQ and performed physical tests
with a trained member of the research team. On the
second day, the cardiac clinical team (cardiologist, nurse,
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Table 1 Sample sociodemographic characteristics
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Characteristics Participant 1 Participant 2 Participant 3 Participant 4
Age, years 62 74 70
Gender Male Male Male
NYHA I I 1
LVEF (%) 30-35 20 30-35

NYHA, New York Heart Association; LVEF, left ventricular ejection fraction.

kinesiologist) performed the evaluation. First, an ECG was
used to confirm HF. Then, the cardiologist validated the
patient’s medical stability and optimized the co-morbidity
treatments before executing the CPX. Following this
meeting, a nurse clinician and a kinesiologist met with the
patient to educate him/her on his/her medical condition.
They established maximal heart rate goal during exercise
and training intensity using the perceived exertion on the
Borg scale.

The second evaluation (T2) was identical to T1, except
that there was no meeting with the nurse or kinesiologist.

Results
Participants

Five participants were recruited to take part in this study.
However, one of them was excluded after initial assessment
(T1) because he was hospitalized due to problems with
his pacemaker and an unstable cardiac condition with
fluid retention. From the four remaining participants, one
(participant 1) completed only ten weeks of the program
before having to stop for an unrelated hip surgery. Data of
T1 and T2 evaluations were completed nonetheless, and
will be considered in the final results, except for the CPX.

Sociodemographic characteristics of the remaining four
participants are detailed in 7ible 1.

Feasibility of using live-feed ECG

Clinical signs (heart rate, ECG, and oxygen saturation)
were transmitted to the clinician in real-time at each
session. Physiotherapists reported no loss of ECG signal
that could have had an impact on monitoring the intensity
of the exercises. No phone call for assistance was addressed
to the technician during the session, due to difficulties with
the Internet connection or sensor signals. Clinicians and
the cardiologist involved in the study were satisfied with the
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quality of signals, as they were good enough to corroborate
their clinical judgement concerning patient fatigue. Thus,
sensors led to a real-time adaptation of exercise intensity,
according to each participant’s current condition. No HF
decompensation was detected during training sessions.

Effect of telerebabilitation with live-feed ECG on
physiological variables

The results obtained from the CPX, such as the VO, peak
and the SV1, are shown in 7izble 2. Participant 1 was unable
to perform the CPX at T2 because of his hip surgery.
Participant 4’s data is not shown in 7able 2, because his
performance on the CPX at T1 was submaximal, due to
severe knee pain, and he has not yet taken the test again at
T2. For reasons unknown, the patient did not show up for
his appointment for CPX at T?2.

After 12 weeks of a telerehabilitation program, both
participants who had completed T1 and T2 improved their
VO, max. However, participant 2 improved his aerobic
capacity to 4.1 mL/kg/min and participant 3 experienced a
decrease in his aerobic capacity of 0.5 mL/kg/min.

Effect of telerebabilitation with live-feed ECG on physical

variables

At T2 compared to T1, all participants except one
experienced an improvement at the 6MW'T (see Tuble 3).
The mean variation of walking distance was 44 meters (12:
405 m; T'1: 362 m). Participants perceived exertion after the
test, which was similar after both 6MW'T evaluations, with
a Borg score ranging from 1 to 6. Moreover, the number of
repetitions done in the STST was improved for 3 out of the
4 participants.

KCCQ overall and clinical summary scores improved
post-intervention for all participants, as shown in Table 4.
Moreover, for participants 2 and 3, a significant clinical
change was observed on the overall score (difference of
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Table 2 Heart function and aerobic capacity
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Cardiopulmonary exercise testing Participant 1 Participant 2 Participant 3 Participant 4
VO, peak (mL/kg/min)

™ 21.2 10.3 11.4 -

T2 - 14.4 10.9 -

T2-T1 - 40% -4% -
VO, max (%)

T 45 35 29 -

T2 - 57 30 -

T2-T1 - 63% 3% -
Theoretical VO, max (%)

T1 71 53 46 -

T2 - 75 44 -

T2-T1 - 42% -4% -
SV1 (mL/kg/min)

T1 13.6 6.8 7.2 -

T2 - 10.9 6.5 -

T2-T1 - 60% -10% -
Table 3 Effect of telerehabilitation on physical variables
Physical variables Participant 1 Participant 2 Participant 3 Participant 4
BMWT (m)

T 460 305 320 240

T2 502 354 360 200

T2-T1 42 (+9%) 49 (+16%) 40 (+13%) -40 (-17%)
STS (number of repetitions)

T 16 10 6 8

T2 14 12 11 10

T2-T1 2 (-13%) 2 (+20%) 5 (+83%) 2 (+25%)
B6MWT, 6-minute walk test; STS, sit-to-stand test.
Table 4 KCCQ overall and clinical summary score

Overall summary score Clinical summary score
Participants
T T2 AT2-T1 T T2 AT2-T1

Participant 1 88 91 3 (+3%) 85 94 9 (+11%)
Participant 2 63 80 17 (+27%) 84 89 5 (+6%)
Participant 3 86 92 6 (+7%) 81 89 8 (+10%)
Participant 4 79 80 1 (+1%) 78 80 2 (+3%)

KCCQ, Kansas City Cardiomyopathy Questionnaire.
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17 and 6 points, respectively) and for participants 1 and
3, a significant clinical change was observed in the clinical
summary score (9 and 8 points, respectively).

Discussion

The objective of this study was to evaluate the feasibility
and the usefulness of real-time biomedical sensors in
telerehabilitation with patients with HE. Moreover, gains in
functional capacity, quality of life, and satisfaction towards
this type of service delivery were also investigated.

First, our study demonstrated that real-time biomedical
sensors can be safely used in a valid way by clinicians
during a telerehabilitation session. These sensors were
useful and helped to properly adjust the level of intensity
of the exercises expected from each HF patient. Second,
the results of this study demonstrated a trend for general
improvement in the participants’ functional capacity.

On the 6MWTT, 3 of the 4 participants walked a
greater distance at T2, which demonstrated an increase in
functional capacity, as well as a good response to exercise (42,
49 and 40 m). The use of real-time biomedical sensors has
probably helped in the improvements noticed by optimizing
the training while making it safe, but their contribution
to such improvements remains to be further tested in
other studies. Previous telerehabilitation studies (25,37)
comparing this delivery method with standard CR (SCR)
have shown similar results to ours. One of Piotrowicz’s
studies (37) was done with HF patients (n=152), and
demonstrated significant improvements in the 6MW'T and
VO, peak in both telerehabilitation and SCR groups with
an 8-week program. An increase of 11% of the 6MW'T
was noted for the telerehabilitation group, and 16% for
the SCR group, which is similar to the results obtained in
our study (improvement ranging from 9% to 16%). In the
non-inferiority RCT conducted by Hwang er a/. (25) results
obtained showed no significant difference between groups
on the 6MWT gains (mean difference of 15 m, 95% CI:
28 to0 59).

Third, our study showed an increase in the quality of
life for all the participants. Three participants out of four
even experienced a significant improvement in one or both
KCCQ categories, since their T2 score increased by over
5 points (36). Finally, there was high level of satisfaction for
all participants regarding the healthcare services received,
and their telerehabilitation experience is congruent
with the satisfaction rate obtained in previous studies on
telerehabilitation (38,39).

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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Clinical implication of the study

Our study shows that it’s feasible to integrate real-
time ECG (cardiac rhythm and oxygen saturation) in
telerehabilitation platforms during a remote CR program in
a HF population.

As demonstrated in the literature (12-17), accessibility
of CR is largely challenging, particularly outside ultra-
specialized centers. In this context, it may possible to
consider telerehabilitation as a compromise to increase
access to CR in other centers. Furthermore, some patients
having access to CR in ultra-specialized centers cannot get
to the services: local transportation, caregiver availability,
fatigue, etc. In both situations, telerehabilitation may be
a solution. However, the cost of usual CR in groups was a
weakness in telerehabilitation. The number of 4 participants
at a time versus 15 is a cost-efficiency challenge against the
implementation of CR telerehabilitation. We will consider
this in the clinical trial: standard CR in gyms should be
encouraged, but for more unstable patients who require a
more specific follow-up during CR or for those who cannot
attend the CR group; these patients could be directed to
telerehabilitation.

Limitations

The small number of participants is a weakness and a reality
in pilot studies: no generalization is allowed. However, the
feasibility of using live-feed ECG is not disputed. This pilot
study justified the need for a clinical trial: who could benefit
from CR rehabilitation? What is the social imputability of
offering an alternative to usual care to increase accessibility
and at what cost? Our team will address these important
research questions.

Conclusions

There is a need to enhance access to HF care programs.
Telerehabilitation is an alternative to outpatient CR for
people with HF who face transportation and accessibility
problems. Our study not only proves the feasibility of
cardiac telerehabilitation, including biomedical sensors
from a technological point of view, but also demonstrates a
high level of satisfaction towards the services received. As
well, our study’s use of sensors creates a safe environment
for the patient with a personalized level of exercise training
intensity.

Future research should concentrate on comparing the
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effectiveness of telerehabilitation in patients with HEF,
and the results gained in a normal setting of CR. It would
increase this alternative’s credibility as another possibility of
CR in regions with reduced access to such services.
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