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Abstract

Background: Conventional group-based outpatient cardiac rehabilitation through monitoring and center-based approaches for
patientsin the recovery phase has shown strong evidence for the prevention of cardiovascular diseases. However, there are some
cases in which maintaining attendance of center-based cardiac rehabilitation is difficult.

Objective: This study aimsto ascertain the safety and efficacy of remote cardiac rehabilitation (RCR) in the recovery phasein
patients with cardiovascular disease.

Methods: Patients satisfying the study criteriawill be recruited from multiple institutions (approximately 30) across Japan. In
total, 75 patients (approximately 2 or 3 patients from each ingtitution) are proposed to be recruited. Patients enrolled in the RCR
group will be lent devices necessary for RCR (including calibrated ergometers and tablets). Patients will perform anaerobic
exercise at home using ergometer for 30-40 minutes at least 3 timesweekly. During exercise, an instructor will monitor the patient
inreal time (using interactive video tools and monitoring tools for various vital data). Moreover, educational instructions will be
given 3 times weekly using e-learning methods.

Results: The primary endpoint isthe peak oxygen uptake 2-3 months from the start of exercise or 6-min walk test. The extracted
datawill be compared between RCR patients and controls without RCR.

Conclusions: The establishment of the system of RCR proposed in this study will lead to the development of more extensive
applications, which have been insufficient through conventional interventions.

Trial Registration: University Hospital Medical Information Network—Clinical Trials Registry UMIN-CTR UMIN000042942;
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi ?recptno=R000043983

International Registered Report Identifier (IRRID): DERR1-10.2196/30725

(JMIR Res Protoc 2021;10(10):€30725) doi: 10.2196/30725
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Introduction

Conventional group-based outpatient cardiac rehabilitation
through monitoring and center-based approaches for patients
in the recovery phase has shown strong evidence for the
prevention of cardiovascular diseases [1-5]. However,
maintaining attendance during center-based cardiac
rehabilitation is difficult with certain patients because of the
distance from their home to rehabilitation sites [5-8]. Poor
program adherence is a major issue because the benefits of
center-based rehabilitation depend on exercise frequency to a
certain extent [9]. Moreover, because of the spread of
COVID-19, this form of medical care is expected to present
cluster infection—related risks. Thus, nationwide restrictions
have been placed on outpatient cardiac rehabilitation (OCR) for
patients with cardiovascular diseases in the recovery and
maintenance phases [10-12]. Consequently, treatment for
patients with high-risk cardiovascular diseases has become
insufficient [ 13]. The suspension of OCR isexpected to increase
the instances of rehospitalization of patients with acute
myocardial infarction and heart failure. Thus, developing
alternative modalities to OCR is an urgent challenge. In recent
years, reports on the possibility of remote cardiac rehabilitation
(RCR) have been filed sporadically overseas [13-15]. RCR
consists of health care delivery similar to that of OCR, which
correspondsto monitoring during exercise, education, nutritional
counseling, and psychol ogical support viatelephoneand digital
platforms. These include the use of artificial intelligence (Al),
thelInternet of Things, and e-learning technologiesin monitoring
the vital signs of patients staying at home, simultaneously
ensuring levels of safety comparable with those of in-person
monitoring by specialists [16,17]. However, since only a few
reports have been available, conclusive data on the benefits of
RCR are lacking. This study aims to ascertain the safety and
efficacy of RCR in the recovery phase among patients with
cardiovascular disease. The establishment of the system
proposed in this paper will not only help patientstransition from
OCR to home-based care but also lead to the development of
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more extensive applications. In fact, the results of this study
might provide some suggestionsto consider more efficient ways
in continued rehabilitation and disease control in the
maintenance stage, which have been insufficient with
conventional interventions.

Methods

Selection of Patientsfor the Study

Patients satisfying the following criteriawill be recruited from
multipleingtitutions (approximately 30) certified by the Japanese
Association of Cardiac Rehabilitation across Japan: (1) patients
who are recommended by the attending physician to continue
postdischarge cardiac rehabilitation following in-hospital
treatment for diseases indicated for cardiac rehabilitation
(including ischemic cardiac disease, heart failure, aortic disease,
postcardiac surgeries, and peripheral arterial disease) and (2)
patientswho voluntarily consent to participatein this study with
a complete understanding of thorough explanations provided.
Conversely, the exclusion criteria are as follows: (1) patients
aged under 20 years; (2) those who are deemed unsuitable to
participate in this study by the attending physician; (3) those
with complications contraindicated for exercise or with high
exercise-induced risks (including highly advanced valve
stenosis, serious heart failure equivalent to New York Heart
Association [NYHA] classification IV, at risk of serious
arrhythmia [including ventricular tachycardia], and serious
renal/hepatic disease); (4) those with an implanted defibrillator
or ventricular assist device; (5) those with reduced cognitive
function; (6) those at aterminal disease stage; (7) those at term
pregnancy; and (8) those who are determined by a researcher
at each institution to be unable to safely undergo RCR (eg,
patients living alone). In total, 75 patients (approximately 2 or
3 patients from each institution) are proposed to be recruited.
Patient recruitment started in January 2021 and proceeded
through March 2021. The study timelineis described in Figure
1.

Figure 1. Schematic representation of the flow of remote cardiac rehabilitation in this study. CPX: Cardiopulmonary exercise test.
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RCR Protocol

This study aimsto enroll approximately 75 patients introduced
to RCR and compare them with patientswho received OCR for
the same duration as that for a historical control group. The
criteria for the control group are as follows. (1) patients who
are recommended by the attending physician that they continue
postdischarge rehabilitation following in-hospital treatment for
diseases indicated for cardiac rehabilitation and (2) those who
took cardiopulmonary exercise testing or a 6-min walk test at
2-3 months after discharge.

Patients enrolled in the RCR group will be lent devices
necessary for RCR (including calibrated ergometers and tabl ets)
(Figure 2). The main part of thisRCR program will be anaerobic
exercise using the lent ergometer. The appropriate exercise
intensity in RCR will be determined during hospitalization or
after discharge. The intensity levels will be set individually at
the anaerobic threshold (AT), for instance, based on the heart
rate at the AT, in accordance with the results of cardiopulmonary
function testing [18,19]. Alternatively, intensity levels will be
determined in reference to the exercise load given during
hospitalization. In principle, the duration of exercise will be
30-40 min, starting from ~10 min and then gradually extended.
A Borg scale score of 11-13 istheintended target exertion level.
Thefrequency of exercisewill beat least 3 timesweekly. Upon
initial checkup of each exercise session, body temperature,
weight, blood pressure, and heart rate are recorded. During
exercise, aninstructor will monitor the patient inreal time (using
interactive video tools and monitoring tools for various vital
data) and check blood pressure, heart rate, oxygen saturation,
and respiratory rate regularly. Data of the el ectrocardiographic
waveform are sent from patientsto monitor located at the cardiac
rehabilitation center, which could be observed by theinstructor.
When there are signs or symptoms that suggest that continuing
exercise has some risks for worsening a patient’'s state, the
instructor instructs the cessation of that exercise session and, if
necessary, the instructor instructs outpatient consultation. At
thefinal checkup, the Borg rating of the perceived exertion scale
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is checked in addition to data on blood pressure and heart rate.
Each patient performs exercise while being given real-time
instructions by the instructor via the remote system, thereby
guaranteeing safer exercise sessionsthan conventional methods.
During exercise therapy sessions, the patient can video chat
with the instructor through the system. Through this system,
communication can be performed bidirectionally. The exercise
sessionswill be carried out on a 1-on-1 basiswith theinstructor
for every patient. No serious complications have been previously
reported in exercise therapies with respect to the appropriate
exercise prescriptions [20-22]; thus, RCR is possibly safer than
exercise performed by individua patients at their discretion.
Moreover, educational instructionswill be given 3 timesweekly
through e-learning methods. The e-learning content will include
thorough information on the risks of disease, nutrition, lifestyle
modification for disease prevention, guided exercise, and
medication. Data on patients’ understanding of disease control
will be collected. The e-learning videos will be made available
for watching on tablets or other devices through the internet,
using a proprietary app. The video content to be played will be
determined by the medical team in accordance with relevance
to the risks and diseases pertaining to that particular patient.
Finally, to assess the understanding of the content, the patient
will be asked to take a mini-test on a tablet. The mini-test is
prepared for the content of each e-learning educational material.
Subsequent educational programs will be adjusted on the basis
of the results obtained. If issues are noted in monitoring devices
or transmission issues, we shall stop the exercise session from
a safety point of view and make an adjustment in the remote
devices to resume subsequent exercise sessions. The clinical
study will be conducted strictly in accordance with ethical
guidelinesand thelatest revisionsto the Declaration of Helsinki.
This clinical trial is registered with the University Hospital
Medica Information Network—Clinical Trials Registry
(UMIN-CTR; UMINO00042942). Additionally, the protocol
has been approved by the ingtitutional review board of Tokyo
University Hospital (2020305N1).

Figure 2. Schematic representation of remote cardiac rehabilitation in this study. ECG: electrocardiogram.
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Setting of Endpoints

The primary endpoint is the peak oxygen uptake 2-3 months
from the start of exercise or 6-min walk test. The secondary
endpoints are as follows: indices of cardiopulmonary exercise
testing, occurrence rates of clinical events (al-cause deaths,
cardiovascular deaths, and cardiovascular hospitalizations),
N-terminal fragment of pro—B-type natriuretic peptide (NT-pro
BNP) or BNP, health-related quality of life (QOL) scores, daily
activity amounts, and questionnaire results. For both groups,
various data items will be collected during regular checkups at
and 2-3 months after hospital discharge, and improvementsin
exercise tolerance (peak oxygen intake) will be compared with
the occurrence rates of clinical events.

Data Collection

We will also collect the following data upon admission: (1)
basi cinformation such asfacility name, record date, indications
for cardiac rehabilitation, hospitalization date, birthdate, sex,
height, weight, and social factors (ie, living alone, living with
someone, and institutionalization); (2) patient background,
including history of hospitalization for heart failure, underlying
heart diseases (ischemic heart disease, heart failure, aortic and
peripheral artery disease, valvular disorder, and congenital heart
disease), concurrent diseases/complications (hypertension,
diabetes, atrial fibrillation, cerebral stroke, peripheral vascular
disease, chronic kidney disease, anemia, chronic obstructive
pulmonary disease, and smoking); (3) treatment history (before
hospitalization), including percutaneous coronary intervention,
coronary artery bypass grafting, pacemaker placement, and
valve surgery; (4) discharge day; (5) vital data (blood pressure
and pulse rate); (6) cardiac disease severity in accordance with
NYHA classification; (7) clinical laboratory data, including
lymphocyte count, hemoglobin, creatinine, sodium, albumin,
total bilirubin, uric acid, and BNP or NT-Pro BNP; (8) imaging
data, such as electrocardiography, chest radiography, and
echocardiography (including left ventricular end-diastolic
diameter, |eft ventricular end—systolic diameter, | eft ventricul ar
gjection fraction, interventricular septum width, 1eft ventricul ar
posterior wall width, valve lesions, transmitral flow pattern,
mitral annular ring early diastole wave, |eft atrial volume index,
and tricuspid regurgitation maximum blood velocity); (9) 6-min
walk test and cardiopulmonary exercise testing; (10)
guestionnaires, health-related QOL scores, and sarcopenia
scores; and (11) prescribed drugs. We will collect thefollowing
items 2-3 months after discharge (at an outpatient visit): (1)
vital data; (2) NYHA classification; (3) clinical laboratory data;
(4) imaging data; (5) 6-min walk test and cardiopulmonary
exercisetesting; (5) questionnaires, health-related QOL scores,
and sarcopenia scores, and (6) prescribed drugs. We will also
collect the following items 1 year after discharge (at an
outpatient visit): all-cause deaths, cardiovascul ar-rel ated deaths,
and hospitalization due to cardiovascular disease (except for
planned hospitalization).

Data Analysis

The analysiswill be performed as follows: data on the primary
and secondary endpoints of the RCR and control groups will
be expressed as mean (SD) or median (quadrant) values. IMP
software (SAS Ingtitute) will be used for statistical analysis.
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Continuous variables will be analyzed using a 2-tailed
independent samplest test and the Mann-Whitney U test. For
categorical variables, a chi-square test will be conducted. The
RCR group will be compared with the historical control group
at the primary and secondary endpoints. The sample size was
calculated on the basis of the following estimation. The sample
size has been estimated from the data of peak oxygen
consumption. A differencein peak oxygen consumption, which
isconsidered clinically relevant, will bein accordance with that
reported previously [23,24]. Setting the 2-sided significance
level at 5% and power at 80%, a sample size of 67 subjects per
group will be required, after allowing for a 40% drop-out rate.
Considering these issues, 3 cases are planned to be assigned to
each ingtitution (total 75 cases). The level of statistical
significance will be set at P<.05.

Results

This study was funded in December 2020 and received ethical
approval in January 2021, and recruitment began in January
2021. In total, 59 patients have been recruited in the study by
March 2021.

Discussion

Aim of ThisTrial

Thistrial amsto investigate the efficacy and safety of RCR in
the recovery phase for patients with cardiovascular diseases.
This RCR protocol includes 2 parts: (1) aerobic training using
an ergometer, which will beinstalled in the patients' homesand
(2) patient education using an e-learning system. Safety during
patients exercise will be ensured by monitoring multifaceted
parameters such as blood pressure and heart rate,
electrocardiography, and observation of patients during exercise
through video chats. The e-learning system will promote an
increased understanding of cardiovascular diseases.

Strengthsand Limitations

Thistrial isnot randomized and observationa ; thus, background
factors may not be accurately aligned with data on the control
group, which will be based on clinical records. Results of
exercise capacity is considered the primary outcome; however,
the evaluation will be based on the 6-min walk test or a
cardiopulmonary exercise test because the cardiopulmonary
exercise test cannot be performed at al institutions, and some
institutions can only measure exercise capacity by evaluating
the 6-min walk test. This inconsistency in the evaluation of
exercise capacity might decrease the statistical power of this
study. Indeed, the compatibility of data between the
cardiopulmonary exercisetest and 6-min walk test has not been
verified [25]. Laboratory data are measured at each facility,
using the method prescribed at each facility, possibly resulting
in differences in the laboratory data between each facility.
Conversely, increasing the versatility of introducing RCR in
this study might facilitate the application of the RCR protocol
at various facilities.
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Potential Implications of This Trial rehabilitation environment monitored by a specialist will

If this trial successfully confirms the efficacy of RCR, it will ~Motivate the patient to manage hishher lifestyle habits and
provide a valid alternative for patients who cannot participate ~ COntinueexercising. By constructing systems, teaching materials,
in group-based outpatient rehabilitation programs because of ~&nd software gpplications for such RCR programs, we will be
various reasons. Moreover, the program may be applicable to gble to contr_ol r_lot onl_y dls_ease prophylaxm/trgatment but also
diseases other than those explored in this study. The !Ifestylehabits,including diet, sieep, and exercise. Hence, such
development of this modaity may help overcome the systemswill be utilized in diversefields ranging from medicine,
requirement of recruiting patients in group-based OCR disease cqntrol, and _health aqgmentation. The RC_R protocol
programs. Although this study focused only on cases in the M provide remote intervention platforms for various health

recovery phase, patients in the maintenance phase may enroll ~ C&€ professionals, including nutritionists, pharmacists, and
under similar regimens. Furthermore, constructing a home exerciseinstructors, and apply to rehabilitation in other diseases
(eg, cancer and cerebral infarction).
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