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Abstract

Background: Telerehabilitation is an alternative clinic-based rehabilitation. A remote
monitoring (RM) system attached to a cardiac rhythm device can collect physiological
data and the device function. This study aimed to evaluate the safety and feasibility of
telerehabilitation supervised by an RM in patients receiving cardiac resynchronization
therapy (CRT).

Methods: A single group pre-post exercise program was implemented for 3 months
in 18 CRT recipients. The exercise regimen consisted of walking a prescribed number
of steps based on a 6-min walk distance (6MWD) achieved at baseline. The patients
were asked to exercise 3 to 5 times per week for up to 30 min per session, wearing an
accelerometer to document the number of steps taken. The safety was assessed by
the heart failure hospitalizations and all-cause death. The feasibility was measured by
the improvement in the quality of life (QOL) using the EuroQol 5 dimensions, and daily
active time measured by the CRT, 6MWD, B-type natriuretic peptide (BNP) level, and
left ventricular ejection fraction (LVEF).

Results: No patients had heart failure hospitalizations or died. No patients had any
ventricular tachyarrhythmias. One patient needed to suspend the exercise due to
signs of exacerbated heart failure by the RM. Compared to baseline, there were sig-
nificant improvements in the QOL (-0.037, p < .05), active time (1.12%/day, p < .05),
and 6MWD (11 m, p < .001), but not the BNP (-32.4 pg/ml, p = .07) or LVEF (0.28%,
p =.55).

Conclusions: Three months of RM-guided walking exercise in patients with CRT sig-
nificantly increased the QOL, active time, and exercise capacity without any adverse

effects.
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1 | INTRODUCTION

Heart failure is a major and growing public health problem, affect-
ing more than 26 million people worldwide (Ponikowski et al., 2014).
Cardiac resynchronization therapy (CRT) is effective for heart fail-
ure associated with severe left ventricular dysfunction and a wide
QRS duration. Numerous trials have consistently shown significant
improvements in the cardiac function and quality of life (QOL) and
a reduction in heart failure-related hospitalizations and mortality
after CRT implementations (Tracy et al., 2012). The remote monitor-
ing (RM) technology incorporated into cardiac electrical devices in-
cluding CRT devices enables continuous monitoring of physiological
parameters, arrhythmias, and the device integrity (Watanabe et al.,
2013). RM transmits a monthly report in addition to real-time alerts
to medical personnel when pre-specified adverse events occur.
These early notifications enable a rapid clinical intervention and en-
hance the survival (Slotwiner et al., 2015; Varma et al., 2015).

Cardiac rehabilitation has also been shown to improve the QOL
and reduce the risk of mortality in heart failure, but only a small
number of eligible patients participate in clinical center-based car-
diac rehabilitation due to older age, comorbidities, and limited mobil-
ity both physically and in the means of transportation (Piepoli et al.,
2010, 2016). Furthermore, there is often reluctance to prescribe car-
diac rehabilitation in patients with a poor cardiac function because
exacerbation of heart failure and arrhythmias can occur with reha-
bilitation (Lau et al., 2016). In light of these concerns, home-based
telerehabilitation with RM may facilitate the adoption of exercise
programs in patients with CRT, while ensuring their safety (Pedretti
et al., 2021; Piepoli et al., 2016; Thomas et al., 2019).

Many guidelines recommend conducting symptom-limited car-
diopulmonary exercise testing before prescribing an exercise dose
and evaluating the effect of exercise training (Pedretti et al., 2021;
Piepoli et al., 2010). In the real-life setting, however, exercise testing
is frequently impossible in patients with CRT because of a limited
exercise capacity (Arena et al., 2007). We therefore devised a sub-
maximal walking program tailored to an individual's 6-min walk dis-
tance (6MWD) based on our belief that walking is easy to fit into a
patient's schedule and to build up gradually (Schwartz, 2004; Zubin
Maslov et al., 2018). The purpose of this study was to evaluate the
safety and feasibility of our telemonitoring-guided walking exercise
program in patients with CRT. This is a pilot study with 18 patients
who were willing to participate and had device monitoring enabling
collection of vital data.

2 | METHODS

2.1 | Patients

This study used a single-center, single group pre-post design to
assess the safety and feasibility of a 3-month walking program
conducted between December 2017 and November 2018. We re-
cruited consecutive patients who visited our cardiac device clinic.

The inclusion criteria were patients in sinus rhythm and who under-
went either CRT with defibrillator (CRT-D) or CRT with pacemaker
(CRT-P) implantation. The devices were manufactured by Biotronik
(Biotronik SE & Co. KG, Berlin, Germany) or Boston Scientific and
had been implanted for more than 1 year before participation in this
study. No patient had previous experience of cardiac rehabilitation.
All patients belonged to New York Heart Association (NYHA) func-
tional class Il or lll, were receiving optimal medical therapy for heart
failure, and had been in a stable condition for more than 6 months (de-
fined as no hospitalizations for cardiovascular causes and no change
in their cardiac medications). All had QRS width 2120 ms and a left
ventricular ejection fraction (LVEF) <35% at the time of the CRT im-
plantation. A CRT responder was defined as a patient who achieved
>15% reduction in the left ventricular end systolic volume (Leclercq
et al., 2019). Exclusion criteria included NYHA functional class | or
IV, arrhythmogenic right ventricular cardiomyopathy, hypertrophic
cardiomyopathy, severe pulmonary hypertension, uncontrolled hy-
pertension, persistent atrial fibrillation, peripheral artery disease, a
history of myocardial infarction, coronary artery bypass grafting or
percutaneous coronary intervention within the last 6 months, and
significant untreated valvular disease. We also excluded lower limb
disabilities, orthopedic pain, neurologic symptoms, and mental im-
pairment leading to the inability to cooperate. We did not exclude
patients with upgraded DDD pacemakers. The study protocol con-
formed to the 1975 Declaration of Helsinki and was approved by the
Ethics Committee of the Fujita Health University School of Medicine
(approval number HM17-263). All patients gave their written in-
formed consent prior to the study.

2.2 | CRT device measurements of the physical
activity and remote monitoring

The CRT devices measured the physical activity through an incor-
porated single-axis accelerometer and stored the duration of the ac-
tive period per day (ACT, %/day). This information could be retrieved
using the RM system. The ACT was calculated from the number of
minutes in a day the patient was active, where a minute was consid-
ered active if the threshold was exceeded that incorporated both the
number and magnitude of the deflections of the accelerometer sig-
nal. According to the technical details provided by the manufacturer,
the threshold was set to 0.05 g for the Biotronik and 0.025 g for
Boston Scientific device, respectively. The acceleration of a free fall
was 1.00 g. The acceleration of standing up from a chair was roughly
0.05 g. The CRT devices also captured the heart rate, rhythm statis-
tics, mode switch episodes during atrial tachyarrhythmia, lead imped-
ance, sensing and pacing thresholds, pacing rate, battery status, and
intracardiac electrograms. The researchers reviewed all the trans-
mitted data on a website once a day during the study period (Home
Monitoring® for Biotronik and LATTITUDE™ for Boston Scientific).
Furthermore, we received automatic alert notifications by email if
the pre-specified criteria were met. We used the weekday activity
averaged over the 1 month before the study period as the baseline
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(Figure 1). In the primary prevention patients, we programmed the
detection and therapy zones for ventricular tachyarrhythmias in
the CRT-Ds as follows: ventricular fibrillation: 261-280 ms, 8/12 or
30/40 intervals, and ventricular tachycardia: 351-353 ms, 28-48 in-
tervals. For the secondary prevention patients, the programs were
tailored to the individual. We activated the rate-response function.

2.3 | Accelerometer-detected physical activity

The patients were asked to wear a single-axis accelerometer
(Lifecorder GS. Suzuken Co. Ltd, 71 x 40 x 19 mm /40 g) on their
waist during the daytime. This device detected a physical activity of
0.06 g or more every 2 min and calculated an exercise intensity from
1.8 to 8.3 metabolic equivalents (METs) (Kumahara et al., 2004). The
exercise intensity, which was classified as light (<2.9 METs), mod-
erate (3-6 METs), or vigorous (>6.1 METs), was displayed by a bar
graph on the device screen. The data can be downloaded offline in
a summary report format via a personal computer. The internal real-
time clock also helped identify the activity patterns. In a prelimi-
nary study, we assessed the correlation between the total activity
time determined by the accelerometer and that by the CRT device in
10 healthy adults. We found a significant linear correlation between
the ACT measured by the accelerometer and both the Biotronik and
Boston Scientific CRT devices (Supplementary File 1). These data
validated our use of the Biotronik and Boston Scientific CRTs in this
study and the monitoring of the daily ACT by the RM system. All
patients visited the device clinic monthly for an interrogation of the
CRT device and to download the accelerometer data.

2.4 | Six-minute walk distance and exercise dose
prescription

A baseline MWD test was conducted between 2 and 4 p.m. In this
test, the patients wore a pulse oximeter and completed as many
laps on a 30 m walkway as they could within a 6-min period, su-

pervised by a laboratory technician. We counted the total steps
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and confirmed that their perceived exertion was less than 12-14
on the Borg scale, the minimum SpO, was more than 95%, and
the maximum heart rate was less than the upper tracking rate
and programmed zones for defibrillation in each patient (Vanhees
et al., 2004). Exercise dose was carefully personalized based on
the 6MWD and stride length (Supplementary File 2) (Zubin Maslov
et al,, 2018). In brief, one target exercise session consisted of tak-
ing 5 times the number of steps achieved in 6 min on a level sur-
face, within 30 min. The goal was to complete one session per day,
3-5 times per week, for 12 consecutive weeks. The patients were
requested to wear an accelerometer to document the exercise in-
tensity and number of steps. For example, a patient who was able
to walk 400 m (4 km/h) with a stride of 66 cm in the 6MWD was
asked to walk approximately 3,000 steps ([400 m x 5]/0.66) within
a 30-min session. We asked the patients to perform lower limb
stretch exercises before and after walking to warm up and cool
down. Patients were also instructed to increase their pace slowly
over time during the session, to limit their perceived exertion to
12-14 on the Borg scale, and to avoid entering the vigorous activity
zone (>6.1 METs) by monitoring the color displayed on the accel-
erometer. The study team also provided counseling on their medi-
cations, nutrition, risk factor management (smoking, alcohol, blood
pressure, and weight), and lifestyle. Such counseling was conducted
every month at the device clinic until the end of the 3-month exer-
cise program (Figure 1). Patients chose the time of day they com-
pleted their exercise, and patients were not monitored in real time

by medical personnel during the exercise session.

2.5 | Quality of life measurements

The health-related QOL was assessed at baseline and 3 months
after the start of the exercise program. We used a validated
Japanese version of the EuroQol 5 dimensions (EQ-5D; mobility,
self-care, usual activities, pain/discomfort, and anxiety/depression),
with three levels of severity (none 0, moderate 1, and severe 2). A
higher score indicated better QOL (Shiroiwa et al., 2016; Tsuchiya
et al., 2002).

Baseline data . .

o —> Walking exercise program ———— > | Follow-up —

acquisition

0 mo 1 mo 2 mo 3 mo 1 year
. 6MWD . Walking exercise
. Blood test: . . .
. E:hoocaerZiz raph : Walking exercise : Walking exercise . g'I\AV\:ﬁ 1
« Holter ECGg P L5l « Accelerometry > *  Accelerometry ] E:r?ocaﬁi(s) raoh X +  Remote monitoring
. QoL +  Remote monitoring + Remote monitoring QoL graphy

i . Counseling . Counseling _

. Counseling . Counseling
. Accelerometry . Accelerometry
. Remote monitoring . Remote monitoring

FIGURE 1 Study flow diagram. After termination of the walking exercise at 3 months, the patients were followed for 1 year. f/u: follow-

up
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2.6 | Laboratory tests, echocardiography, and
Holter electrocardiograms

The blood tests and echocardiography were performed at base-
line and at the end of the 3-month exercise program. The plasma
B-type natriuretic peptide (BNP) concentration was measured
using a chemiluminescence enzyme immunoassay for human BNP
(LLMIPULSE Presto, Fujirebio Inc.). A single echocardiographer
who was blinded to the patients’ clinical information performed an
offline echocardiographic analysis using Vivid 7 (GE Healthcare).
We confirmed the absence of any significant tricuspid valve re-
gurgitation due to the right ventricular lead. Echocardiographic
atrioventricular and/or interventricular optimization were not per-
formed during the study period. We recorded a 24 h Holter ECG
(RAC-2512, NIHON KOHDEN) equipped with single-axis acceler-
ometer to ensure the chronotropic incompetence before this study.

2.7 | Outcome measures

The safety endpoint of our exercise program was hospitalizations due
to worsening heart failure, and all-cause mortality over the 3-month
period. We also examined the number of ventricular tachyarrhyth-
mias, and therapies delivered for patients with CRT-Ds (shocks and an-
titachycardia pacing). The data were collected by the RM and in-office
follow-up. Absence of hospitalizations and emergency room visits
were verified using the hospital records. The feasibility of the exer-
cise program was determined by the QOL, 6MWD, and ACT measured
by the CRT, BNP, LVEF, body weight, heart rate (HR) during nighttime
hours (from 1 a.m. to 5 a.m.), average of a 5-min standard deviation
of the normal-normal R-R period (SDANN), and right ventricular lead
impedance between the baseline and 3 months after the exercise pro-
gram. The patients were followed for 1 year after termination of the

exercise program. The study members adjudicated all outcomes.

2.8 | Statistical analysis

The baseline variables are presented as the number and frequency
or mean + standard deviation (SD) values, or median and interquar-
tile range. The time-dependent changes were tested with a paired
sample Student's t-test, and the mean differences were calculated
with 95% confidence intervals (Cl). The standardized mean differ-
ences (Hedges’ g) were also calculated to measure the effect size. A
two-tailed p-value of <.05 was considered significant. The analyses
were performed using JMP version 15 (SAS Institute, Inc.) and R pro-
ject (Vienna, Austria) software.

3 | RESULTS

During the recruitment period, 125 consecutive patients were as-
sessed for their enrollment eligibility. We excluded 107 patients

TABLE 1 Baseline characteristics of the patients

Age, years

Male, (n) %
Body weight (kg)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Comorbidities, n (%)
Hypertension
Diabetes
Dyslipidemia
Ischemic cardiomyopathy
Non-ischemic cardiomyopathy
BNP (pg/ml)

LVEF at study enrollment (%)
6MWD (m)
<400 m / 2400 m, n (%)
Number of steps
Stride (cm)

Number of steps at baseline (/day)

CRT device

Primary prevention/secondary prevention,
n (%)

CRT-P/CRT-D, n (%)

Interval between the CRT implantation and
rehabilitation (years)

Responder, n (%)
Patient activity (%/day)
LV pacing rate (%)
RV lead impedance (Q)
Night HR (/min)
SDANN (ms)
EQ-5D score®
Utility score
Mobility
Self-care
Usual activities
Pain/discomfort
Anxiety/depression
Medications, n (%)
Beta-blocker
ACE inhibitor or ARB

Loop diuretics

Overall (n = 18)

66 +10
65 [60-72]
13(72)

69 + 14
122 +13
75+ 11

9 (50)

6(33)

10 (56)
6(33)

12 (67)

168 + 111
146 [87-228]
38+ 12

437 + 67
5(28)/13(72)
678 + 88

66 +7

4210 + 2312

4119
[2477-4408]

12 (67) / 6 (33)

2(11) / 16 (89)
32+14

2.2 [1.7-4.6]
6(33)

9.7 +4.9
95553

79 + 10
65+5

64 + 16

0.91+0.10
0.96 +0.03
0.98 +0.02
0.99 +0.01
0.96 +0.04
0.98 +0.02

17 (94)
18 (100)
16 (89)



KOIKE ET AL.

TABLE 1 (Continued)

Overall (n = 18)

Mineralocorticoid receptor antagonists 12 (67)
Digitalis 3(17)
Amiodarone 4(22)
Antiplatelet agents 8 (44)
Statin 10 (56)

Note: Data represent number, frequency, means + standard deviation
(SD), or median and interquartile range.

Abbreviations: 6MWD, 6-min walk distance; ACE, angiotensin
converting enzyme; ARB, angiotensin Il type 1 receptor blocker; BNP,
B-type natriuretic peptide; CRT, cardiac resynchronization therapy;
CRT-D, CRT with defibrillator; CRT-P, CRT with pacemaker; EQ-5D,
EuroQol Research Foundation survey instrument for measuring the
self-reported health status in five dimensions; HR, heart rate; LV, left
ventricular; LVEF, left ventricular ejection fraction; RV, right ventricular;
SDANN, average of 5 min of the standard deviation of the normal-
normal R-R period (P-P interval variability in Biotronik).

?For the EQ-5D Japan-weighted index, a score of 1 indicates no
problems for mobility, self-care, usual activities, pain/discomfort, or
depression/anxiety, whereas a score of O indicates a state as bad as
death.

because of predetermined criteria. The baseline characteristics of
the remaining 18 patients comprising the study cohort are shown
in Table 1. The median age of the patients was 65 (range, 60-72)
years, with two (11%) patients older than 80 years. The mean BNP
and LVEF were 168 + 111 pg/ml and 38 + 12%, respectively. The
CRTs were implanted at a median of 2.2 years before this study and
6 (33%) patients were CRT responders.

TABLE 2 Between-group differences in
parameters
EQ-5D

Utility score
Mobility
Self-care
Usual activities
Pain/discomfort
Anxiety/depression
ACT (%/day)
6MWD (m)
Number of steps (/day)
Body weight (kg)
BNP (pg/ml)
LVEF (%)
Night HR (beat/min)
SDANN (ms)
RV lead impedance (Q)

WI LEYM

3.1 | Safety

Death or the need for hospitalizations due to heart failure or ar-
rhythmias did not occur during the 1-year follow-up. One patient
showed signs of worsening heart failure, as indicated by a gradual
decrease in the lead impedance, ACT, and SDANN associated with
exceeding the prescribed exercise dose (Supplementary File 3).
Heart failure hospitalizations were prevented by suspending the ex-
ercise and prescribing diuretics for 5 days. The patients recovered,
resumed exercise, and completed the 3-month program. At the 1-
year follow-up after the end of the program, 5 (28%) patients were
voluntarily continuing their walking exercise 3 times per week.

3.2 | Feasibility

The median number of prescribed steps per session was 3,300
(range, 3,000-3,700). We found that 15 (83%) patients walked 3
times per week and 2 (11%) walked 5 times per week during the
study period. The remaining one patient walked twice per week.
Table 2 shows the changes in the parameters measured between
baseline and 3 months after the exercise training. There was a sig-
nificant improvement in the A EQ-5D. Of the five domains in the
EQ-5D, the mobility domain had a significant improvement, but the
remaining four domains did not. Significant changes were observed
in the A ACT, suggesting that the activity time had increased by an
average of 14 min per day. There were significant changes in the A
6MWD, A number of steps, A weight, and ASDANN. The standard-
ized mean differences and Hedges’ g are shown in Figure 2. It shows
that the A number of steps had a moderate difference. The utility

Difference 95% Cl p-value
-0.037 -0.071 to - 0.003 <.05
-0.017 -0.033 to - 0.001 <.05
-0.002 -0.009 to 0.003 .33
-0.002 -0.006 to 0.002 .33
-0.009 -0.022 to 0.004 16

0.003 -0.009 to 0.016 .57
1.12 0.07 to 2.18 <.05
11.0 6.51t0 15.5 <.001

1663 710 to 2616 <.01

-1.4 -2.3to-0.5 <.05

-324 -67.9 t0 3.0 .07
0.28 -1.23t0 0.68 .55
-1.4 -0.17to - 2.36 <.05
3.5 0.52 to0 6.12 <.05
59 -15.6t0 3.6 .20

Note: The other abbreviations are as in Table 1.

Abbreviation: Cl, confidence interval.
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Standardized
mean differences

FIGURE 2 Standardized mean
differences in the outcome parameters at

Parameters (95%Cl)
the 3-month follow-up. The Hedges’ g and
AEQ-5D 95% confidence intervals are shown. A
A Utility score 0.38 (0.04 to0 0.72)* PN standardized mean difference of 0.20 was
A Mobilt 0.46 (0.01100.91) * considered a small difference between
obility g .01t0 0. .
o the groups; 0.50, a moderate difference;
A Self-care 0.12 (-0.1310 0.39) — and 0.80, a large difference. * p < .05. The
A Usual activities 0.12 (- 0.13 t0 0.39) S abbreviations are as in Table 1
A Pain/discomfort 0.21 (- 0.08 to 0.51) — @
A Anxiety/depression -0.11 (- 0.54 to 0.30) @
AACT 0.18 (0.01t00.35)* P —
A MWD 0.14(0.08t0 0.19) *
A Number of steps 0.62 (0.24 to 1.0)* -
*
A Body weight -0.09 (- 0.15 to -0.03) Y
A BNP -0.37 (- 0.6 t0 0.02) —
A LVEF 0.04 (-0.1t00.2) —o—
k
A Night HR -0.28 (- 0.53 to -0.03) —
A SDANN 0.21 (0.03 to 0.39)* S —
A RV lead impedance 0.37(-0.22 t0 0.98) @
I T T 1
-1.0 -0.5 0 0.5 1.0

Standardized mean differences (95%Cl)

score and mobility domain of the A EQ-5D had a small-to-moderate
difference, and the A ACT, A 6MWD, A Body weight, A Night HR,
and A SDANN had a small difference.

3.3 | Arrhythmic events

No patients developed any ventricular tachyarrhythmias requiring
defibrillator therapy. Three patients had a total of 10 asymptomatic
paroxysmal atrial fibrillation episodes lasting <6 min.

4 | DISCUSSION

In this pilot study, we showed that 3 months of telerehabilitation
improved the QOL, ACT, and 6MWD, and resulted in an increased
SDANN and weight loss. No patient developed any ventricular tach-
yarrhythmias. One patient had signs of worsening heart failure that
were detected by RM and were promptly and successfully treated
with suspension of exercise and diuretics. No adverse events oc-
curred during 1 year of follow-up.

Cardiac rehabilitation has been proven to improve the exercise
capacity, cardiac function, QOL, and prognosis in patients with var-
ious cardiac diseases (Piepoli et al., 2010). An increasing number of
heart failure patients referred to cardiac rehabilitation centers have
CRT devices. However, doctors are often reluctant to prescribe
exercise for CRT patients because of the potential for the exercise

to cause ventricular arrhythmias and hospitalizations due to heart

failure. In the current study, all 18 patients were able to complete
the 3-month walking exercise program. One patient demonstrated
signs of worsening heart failure due to overtraining and had to stop
exercising for 5 days.

To date, several studies have examined the safety and efficacy
of exercise rehabilitation in patients with heart failure and CRT
(Belardinelli et al., 2006; Conraads et al., 2007; Nobre et al., 2016;
Patwala et al.,, 2009; Santa-Clara et al., 2019; Smolis-Bak et al.,
2015; Zeitler et al., 2015). A recent meta-analysis by Ye et al. (7
randomized controlled studies with 661 patients) showed that ex-
ercise rehabilitation in patients with CRT may improve the exercise
capacity and cardiac function as well as the QOL (Ye et al., 2020).
These results were consistent with our study. We further found a
stabilization of the autonomic function evidenced by an increase in
the SDANN. In the meta-analysis by Ye et al., all seven cardiac re-
habilitation programs were initiated shortly after the CRT implanta-
tion. Therefore, the positive impact on the cardiopulmonary fitness
and health outcomes seen in those studies could be attributed to a
combination of resynchronization and exercise therapy (Ye et al.,
2020). In the current study, all patients had received CRTs at a me-
dian of 2.2 years prior, separating the beneficial effects that could
result from the walking exercise and heart failure education beyond
the improvements brought on by the CRT.

Cardiac telerehabilitation was devised in an attempt to increase
the participation rates and adherence. A recent scientific statement
comparing center-based and home-based cardiac rehabilitation
studies in patients with a range of cardiac diseases showed that

there was no statistically significant difference in the changes in



KOIKE ET AL.

the QOL and mortality for up to 12 months after the intervention
(Thomas et al., 2019). However, most of those studies included low-
risk patients after a myocardial infarction without any complications
and very few studies examined the safety and efficacy of a center-
based and home-based cardiac rehabilitation in high-risk patients
such as transplant patients.

We did not determine the training heart rate using the Karvonen
formula (Karvonen et al., 1957) since the Karvonen formula calcu-
lated that 11 of 16 (69%) patients had more than the upper tracking
rate or programmed zones for defibrillation. To prevent cardiover-
sion or shock therapies by the walking exercise, we confirmed that
the maximum heart rate during the 6-min walk test was less than the
upper tracking rate and programmed zones for defibrillation in each
patient. We did not monitor the heart rate during the walking exer-
cise, but we monitored the maximum heart rate through the daily
remote monitoring report.

In the current study, the patients self-monitored their step count
and exercise intensity with an accelerometer, and we could estimate
it using the RM system. This cooperative monitoring by both the pa-
tient and physician may ensure the safety and be reassuring to both
parties. The cardiac electronic devices continuously monitor various
physiological parameters via built-in sensors, which may result in
early notification of abnormal events. However, a daily review of the
RM is a burden for the medical staff. Boehmer et al. recently pro-
posed a novel heart failure alert system (HeartLogic) that combines
the heart sounds, respirations, thoracic impedance, heart rate, and
activity, which predicts impending worsening heart failure events
with a 70% sensitivity (Boehmer et al., 2017). Such efficient algo-
rithms may help reduce heart failure hospitalizations in patients with
CRT by proactively alerting them to signs of an exacerbation of their
heart failure.

Previous home-based cardiac rehabilitation programs involved
walking programs supported by telephone calls by medical staff.
Recent studies have adopted heart rate monitors and smartphones
with special applications designed for research (O'Connor et al.,
2009; Snoek et al., 2020). In a recent study, Kikuchi et al. reported
a real-time home-based cardiac rehabilitation session monitored by
a video conferencing program installed in a tablet. After assessing
the patient's condition via oral history taking, a study coordinator
observes the electrocardiogram and vital signs during ergometer
exercise (Kikuchi et al., 2021). The current COVID-19 pandemic has
forced many center-based cardiac rehabilitation programs to end or
limit their regular offerings. loT technology and cloud computing
tools have the potential to transform cardiac rehabilitation from a

center-based to home-based telerehabilitation.

4.1 | Study limitations
The findings of this study were limited by the lack of a control group
and short duration of follow-up. The sample size was small because

only two CRT vendors were suitable for this study and less than 15%
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of our CRT patients could be enrolled. Furthermore, this study was a
pilot study to assess the safety and feasibility of the walking exercise
and calculate the statistical power for planning a randomized con-
trol study. While some patients took drugs that may have affected
the SDANN, we did not change the pharmacological therapy during
the study period. In this study, we performed exercise training only
and not endurance or resistance respiratory training. This study was
conducted with patients of the Japanese race only. The RM systems

of Biotronik and Boston Scientific cannot assess the ST-T changes.

5 | CONCLUSION

Our study showed that a 3-month walking exercise program for CRT
patients was safe and feasible, and walking exercise improved the
QOL, physical activity, and exercise capacity without inducing any
ventricular tachyarrhythmias or heart failure hospitalizations. This
walking exercise-based telerehabilitation program can be imple-

mented in outpatients receiving CRTs.
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