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Abstract

Background: Cardiac rehabilitation (CR) is categorized as a class 
I recommendation in the guidelines for the management of patients 
with cardiovascular disease (CVD). However, the penetration rate of 
outpatient CR is low in Japan. We designed a pilot study to evaluate 
the safety and feasibility of tele-CR using a remote biological signal 
monitoring system.

Methods: A total of nine patients (median aged 70.0 (66.0 - 76.0) 
years (male = 6) with CVD who participated in phase II CR for 1 
month under the exercise prescription using the cardiopulmonary ex-
ercise test (CPET) were analyzed. They participated in the tele-CR 
program with a remote biological signal monitoring system (Nipro 
HeartLineTM, Osaka, Japan, and Duranta, Miyagi, Japan) in the CR 
room and were instructed by the CR staff from a separate room in the 
hospital. We evaluated the occurrence and degree of remote biologi-
cal signal monitoring defects as safety evaluation items, i.e., whether 
the patients could set the remote biological signal monitoring equip-
ment, as a feasibility evaluation item during a 3-month period. We 
also performed CPET at the baseline and follow-up. Following the 
3-month tele-CR program, a total of 122 remote CR programs were 
performed using the remote biological signal monitoring system.

Results: No patient experienced a lack of remote biological signal 

monitoring during exercise therapy. Significant improvement was 
noted in the exercise capacity, as assessed using the cardiopulmonary 
test (from 19.5 (16.7 - 20.2) mL/kg/min to 21.1 (17.3 - 22.8) mL/kg/
min, P = 0.01, age ratio from 86% (75-96%) to 99% (78-104%), P = 
0.01). One patient required support using the remote biological signal 
monitoring system, including information technology literacy.

Conclusions: This study suggests the safety and feasibility of tele-
CR using the remote biological signal monitoring system. However, 
further investigations are required to explore the suitability, effects, 
and cost-effectiveness of tele-CR as an alternative to center-based CR 
in the future.

Keywords: Tele-cardiac rehabilitation; Remote biological signal moni-
toring system; Exercise capacity; Industry-academia collaboration

Introduction

Comprehensive cardiac rehabilitation (CR), including ex-
ercise training, has been proven to improve exercise capac-
ity and quality of life (QoL) and reduce cardiovascular and 
total mortality in patients with cardiovascular disease (CVD) 
[1, 2]. The guidelines of the American College of Cardiol-
ogy, American Heart Association, and Japanese Circulation 
Society (JCS) have recommended the use of CR in patients 
with CVD as a class I intervention [2, 3]. In Japan, CR can be 
provided for 150 days under medical insurance, and most of 
this period corresponds to phase II (recovery period). Phase 
II CR is generally provided as a collective CR at a CR facil-
ity after discharge, with several patients visiting the hospital 
at a fixed time [2]. However, in Japan, the implementation of 
CR remains low even in JCS training hospitals. A recent study 
has reported that 3.8-7.6% of the patients participate in CR 
in Japan [4, 5]. Outpatient CR has problems on the medical 
side, such as the limited number of medical facilities that can 
provide it, and problems on the patient side, such as the dif-
ficulty of patients attending a hospital in a group setting at a 
given time [4, 5]. In recent years, the spread of coronavirus 
disease 2019 (COVID-19) has exacerbated the problem of low 
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adoption and implementation rates of outpatient CR [6-8]. To 
solve the problems related to outpatient CR, home-based CR 
initiatives in which voluntary exercise is performed under the 
guidance of a medical practitioner have been implemented. It 
has been reported as a potential complementary therapy [9]. 
However, whether the exercise therapy is sufficient is likely 
to vary from patient to patient, and there are issues in terms 
of efficacy and safety [10]. Tele-CR can be defined as a re-
mote CR program that uses biological signal monitoring sys-
tem to support it [11]. A report has observed that it is possible 
to perform remote CR with the same level of safety as under 
the supervision of a specialist using internet of things (IoT) to 
monitor necessary biosignals and e-learning methods for pa-
tients at home [12]. In exercise therapy, which is an element of 
comprehensive CR, the most important point is how to provide 
efficacy while maintaining safety. In this study, we performed 
remote CR using real-time biosignal monitoring and examined 
its safety and feasibility.

Materials and Methods

Study design and subjects

This study is a single-center prospective pilot study. The sub-
jects were 12 patients with CVD who attended the Juntendo 
University Hospital Heart Center from March 2020 to March 
2021 and participated in phase II CR. They participated in the 
tele-CR study after confirming that they were able to perform 
phase II CR stably for 1 month under exercise prescription by 
the cardiopulmonary exercise test (CPET). Individuals satisfy-
ing the following criteria were excluded: 1) patients weighing 
over 130 kg; 2) patients with poorly controlled complications; 
3) patients satisfying the contraindication/withdrawal criteria 
for CR; 4) patients with unstable cardiovascular condition; 
5) patients who experienced a cardiovascular event within 1 

month after starting phase II CR; 6) patients who had difficulty 
performing aerobic exercise using a bicycle ergometer owing 
to the effects of cerebral infarction and/or orthopedic disease; 
7) patients under treatment for malignant neoplasms; 8) other 
individuals whose participation was deemed inappropriate by 
the principal investigator; and 9) pregnant or breastfeeding 
women. After the principal and subinvestigators obtained the 
patients’ consent, their eligibility was verified by the Juntendo 
Clinical Research and Trial Center. We assessed whether each 
patient experienced a lack of remote biological signal moni-
toring (no communication of blood pressure, oxygen satura-
tion, and electrocardiogram (ECG) waveforms) during exer-
cise therapy and whether such problems forced the patient to 
discontinue exercise. Exercise tolerance (peak oxygen intake; 
peak VO2) at 3 months after implementing the tele-CR was 
set as the secondary evaluation item. Exercise tolerance was 
evaluated using symptom-limited CPET (AE-310S, Minato 
Medical Science Co. Ltd., Osaka). Moreover, we secondarily 
investigated whether the patient was able to independently set 
up the exercise device for remote CR and ensure its safety. For 
every session, the following 11 items (Table 1) were checked 
by compiling their presence/absence, frequency, and whether 
intervention by a medical professional was required.

Informed consent was obtained from all participants ac-
cording to the mandates of the Ethics Committee of Juntendo 
University Hospital (CRB3180012). This study was conducted 
in accordance with the ethical principles in the Declaration of 
Helsinki. This study was registered in the Japan Registry of 
Clinical Trials (jRCT) system under trial ID jRCTs032190217.

Tele-CR program and tele-monitoring system

The subjects participated in the exercise therapy using the 
remote biological signal monitoring system in the CR room 
at Juntendo University Hospital during the implementation 
period of phase II CR. Medical professionals monitored and 

Table 1.  Eleven Items Checked

Checklist before mounting the ergometer
  1. Whether the ergometer is stably installed
  2. Whether the control panel is operational after turning on the power switch
  3. Whether the device is connected to the remote biological monitoring system
  4. Whether the right and left handle locking knobs are securely fixed
  5. Whether the saddle post locking knobs are securely fixed and are not loose or wobbly
  6. Whether the right and left pedals are securely fixed and are not loose or wobbly
After mounting the ergometer
  7. Whether the patient fell while riding the ergometer
  8. Whether the pedal rotation speed is properly activated on the operating panel
  9. Whether the operation of the remote monitoring system can be checked during the rehabilitation session
  10. Whether the patient fell during the exercise
While dismounting the ergometer
  11. Whether the patient fell while dismounting the ergometer
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instructed the subjects during the exercise therapy in a sepa-
rate room within the hospital premises (Fig. 1). For 1 month 
before starting the program, the CR staff members supported 
the subjects in becoming accustomed to connecting and us-
ing the monitoring device. The primary system used for the 
remote CR was a support system for remote diagnosis (NIPRO 
Heartline™, NIPRO). This system can be connected to various 
biological signal measurement devices (manometers, pulse 
oximeters, wearable ECG monitors, etc.) via Bluetooth, and 
the measured results can be captured automatically and sent to 
the operator in real-time. A wearable ECG monitor (Duranta) 
was used to monitor two-channel ECG waveforms. While the 
patients’ facial expressions were observed using a videophone 
via the campus local area network, their biological signals, in-
cluding ECG waveforms, were monitored in real-time. Two 
devices were used for biological monitoring in this study: 
one biological monitoring device and one videophone device, 
which were connected to each other via Bluetooth. As per the 
CR guidelines issued by the JCS [3], each session comprised 
20 - 40 min of aerobic exercise (front-and-back stretching, re-
cumbent exercise bicycling, and walking) and additional self-
weight resistance training, lasting for a total of 60 - 80 min. 
While conversing with the patient via video call, the operator 
instructed them on disease management, including informa-
tion on various symptoms and nutritional guidance.

When overexercise or heart failure were suspected during 
an exercise session, either the session was terminated, or the 
regimen was reduced. To identify overexercise or heart failure, 
the following standards were used as per the CR guidelines is-
sued by the JCS [3]: 1) subjective symptoms (persistent weari-
ness, fatigue remaining from the previous day, and an increase 
of ≥ 2 on the Borg scale under the same loading conditions); 
2) weight increasing tendency (≥ 2 kg increase in 1 week); 3) 
heart rate increasing tendency (≥ 10 beats per minute increase 
at rest or under the same loading conditions); and 4) blood B-

type natriuretic peptide increasing tendency (≥ 100 pg/mL in-
crease from before). For item 4), blood samples were collected 
and tested during regular outpatient checkups.

Blood biochemistry test

Blood biochemical tests were conducted for serum hemo-
globin (Hb), low-density lipoprotein cholesterol, triglycerides, 
high-density protein cholesterol, hemoglobin A1c (HbA1c), 
and N-terminal pro-brain natriuretic peptide (NT-proBNP) at 
the beginning of CR.

Statistical analysis

The results were statistically expressed as means ± standard 
deviations following analysis using SAS (SAS Institute Inc., 
Cary, NC, USA). According to their distributions, the clini-
cal characteristics of the groups were compared using paired 
Wilcoxon signed-rank test. Data at baseline and follow-up CR 
were compared for each patient using paired Wilcoxon signed-
rank tests to evaluate the singular effects of CR. A P value of < 
0.05 was considered statistically significant.

Results

Patient characteristics

As the study period coincided with the peak of the COVID-19 
pandemic, three of the patients were unable to complete the 
phase II CR program. Nine (of whom six were men) completed 
the remote CR program that comprised a total of 122 exercise 

Figure 1. Schema of tele-CR. CR: cardiac rehabilitation.
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sessions. Table 2 shows the clinical characteristics of the pa-
tients. Overall, three of them had undergone open-heart sur-
gery (two, mitral valve plasty; one, coronary arterial bypass), 
three had angina pectoris, and three had peripheral arterial 
disease. Of the nine patients, eight patients had hypertension, 
six patients had dyslipidemia, four patients had diabetes, and 
two patients were on maintenance dialysis. At the beginning 
of the program, exercise tolerance was 19.5 (16.7 - 20.2) mL/
kg/min, which was 86% relative to the age and favorable. Fur-
thermore, anaerobic threshold was 13.0 (11.2 - 13.4) mL/kg/
min, which was 86% (78-90)% relative to the age. Although 
a 1-month support period by medical professionals was set 
aside for educating the subjects on how to set up and use the 
monitoring equipment, one patient had difficulty in indepen-
dently using the devices and the monitoring system during 
remote CR and required 10 interventions. This individual 
failed to check “whether the device is connected to the remote 
biological monitoring system” and “whether the operation of 
the remote monitoring system can be checked during the reha-

bilitation session”, both of which were items related to remote 
monitoring. Regarding the safety of remote CR (which was the 
primary evaluation item), the positive frequency of problems 
during remote biological signal monitoring (problems in ECG 
waveforms) was 0 time (0%). While problems such as having 
to reboot the system because of communication errors in appli-
cations occurred two times (1.6%), no problems in biological 
signals, including ECG monitoring, were noted; thus, contin-
ued exercise was feasible. Moreover, no adverse events were 
noted during the remote CR program.

Figure 2 shows the change of exercise tolerance, which 
was the secondary evaluation item. The peak oxygen intake 
(from 19.5 (16.7 - 20.2) mL/kg/min to 21.1 (17.3 - 22.8) mL/
kg/min, P = 0.01) and the anaerobic threshold (from 13.0 (11.2 
- 13.4) mL/kg/min to 15.1 (13.3 - 15.8) mL/kg/min, P < 0.01) 
improved significantly 3 months later.

Discussion

We conducted a pilot study on CR using a remote biological 
signal monitoring system during phase II CR. Neither mon-
itoring-related problems nor cardiac accidents were noted in 
the course of the remote CR program comprising a total of 122 
remote biological monitoring exercise sessions. CR using digi-
tal tools is mainly provided in three methods [13]: 1) In virtual 
CR, the patient and medical staff are in different locations, and 
exercise therapy is performed while being monitored in real 
time using audiovisual communication; 2) In synchronous CR, 
the patient and medical staff are face-to-face, and CR is per-
formed through the use of digital technology; 3) In remote CR, 
patients exercise independently, and the data are transmitted 
and reviewed by medical staff using digital technology.

Currently, tele-CR is not covered by insurance, and this 
study is one of the few studies of tele-CR using real-time, 
face-to-face monitoring in patients participating phase II CR. 
This study is of importance as it has proposed a method that 
may complement presently practiced CR systems. There are 
two types of data exchange for biological signal monitoring: 
One is a face-to-face real-time exchange method using vid-
eo chats. The other is a semi-synchronous method in which 
the patient data are uploaded to an online application, and 
medical professionals access these data as appropriate [14, 
15]. In the present study, we were able to remotely acquire 
ECG waveforms, heart rates, circulatory parameters of blood 
pressure, and exercise intensity parameters while the patients 
were engaged in exercise. Also, the patients’ physical appear-
ances were observed via a video screen. Based on this in-
formation, we were able to determine the appropriateness of 
the exercise regimen, such as whether the current workload 
was placing too much pressure on the patients. We believe 
that this in turn guaranteed safety in the implementation of 
the program. The CPET conducted 3 months later confirmed 
improvements in exercise tolerance. Implementing exercise 
therapy based on a proper exercise regimen under the su-
pervision of medical professionals apparently contributed to 
these improvements.

While collecting more patient-related information guaran-

Table 2.  Patient Characteristics

N = 9
Age (years) 70.0 (66.0 - 76.0)
Male (n) 6
CVD at the beginning for CR
  Status post mitral valve plasty (n) 2
  Status post coronary artery bypass (n) 1
  Angina pectoris(n) 3
  Peripheral artery disease (n) 3
Metabolic comorbidities
  Hypertension (n) 8
  Dyslipidemia (n) 6
  Diabetes mellitus (n) 4
  Hemodialysis (n) 2
Physical and function status
  BMI (kg/m2) 22.6 (19.9 - 27.3)
  Rest heart rate (bpm) 75 (66 - 82)
  Systolic blood pressure (mm Hg) 121 (115 - 130)
  Diastolic blood pressure (mm Hg) 72 (65 - 76)
  Peak exercise tolerance (mL/kg/min) 19.5 (16.7 - 20.2)
  Ejection fraction (%) 72 (61.5 - 74.5)
Metabolic status
  Hemoglobin A1c (%) 6.7 (6.1 - 7.3)
  Low-density lipoprotein (mg/dL) 75 (72 - 97)
  High-density lipoprotein (mg/dL) 42 (39 - 52)
  Triglycerides (mg/dL) 106 (102 - 115)
  NT-proBNP (pg/dL) 182.5 (142.0 - 226.5)

Data are presented as the median (interquartile range), or as n. BMI: 
body mass index; CVD: cardiovascular disease; CR: cardiac rehabilita-
tion; NT-proBNP: N-terminal pro-brain natriuretic peptide.
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tees increased safety, it also complicates certain procedures, 
such as setting up and troubleshooting the equipment, thereby 
limiting applicable patients. Moreover, it necessitates securing 
medical human resources for properly managing voluminous 
information. In the present study, while all subjects were able 
to independently perform the exercise, one found it difficult 
to use the remote monitoring equipment and required support 
from the medical staff for continuing and completing the pro-
gram. Two devices were used for biological monitoring in this 
study: one biological monitoring device and one videophone 
device, which were connected to each other via Bluetooth. 
While some patients may be able to overcome the difficulties if 
remote devices are more streamlined or simply via practice, us-
ing a complex IoT system may prove to be immensely stressful 
because troubleshooting and other support may not necessarily 
be available. A previous study has suggested that a subject’s 
adeptness at information technology (information technology 
(IT) literacy) may be an important eligibility criterion [16]. 
Given the rapid aging of the population in Japan, the IT litera-
cy of elderly patients is an important challenge. In the present 
study, the patient who required the assistance of the staff in 
using the equipment was 72 years old. However, a report has 
indicated that despite Japan having one of the world’s oldest 
populations, Japanese individuals aged 16 - 65 years displayed 
digital literacy and calculation ability that were among the best 
globally [17]. Therefore, as the population ages further, remote 
rehabilitation may become more widespread as an option for 
home-based medical care. To facilitate home care for patients, 
it is essential to reinforce social environments, such as improv-
ing Wi-Fi availability.

Being a comprehensive secondary prophylaxis program, 
CR includes not only exercise therapy but also alimentary ther-
apy, correction/management of coronary risk factors, guidance 
for quitting smoking, psychological evaluation, guidance for 

returning to work, and psychological support [2]. In group-
based CR, having many fellow participants has benefits simi-
lar to those in group therapy and is conducive to improving 
psychological support and QoL [18]. In terms of cost effec-
tiveness and interaction among patients, the development of 
platforms where several patients are simultaneously connected 
is anticipated. Many more improvements will be required to 
achieve safety and the efficient management of patient infor-
mation. This study involved patients with high exercise toler-
ance, namely a low-risk group for performing exercise. Con-
sequently, no adverse events were noted, a frailty index was 
maintained (Short-Physical Performance Battery score from 
12 to12), and exercise tolerance improved. Patient education 
using remote CR and mobile devices is considered a “good 
opinion” for patients with low- to moderate-risk CVD [9]. Re-
cently, programs intended for high-risk patients, such as frail 
elderly individuals, have been assessed [19].

There are several limitations in this study. This research 
was a small-scale study involving participants in phase II CR 
at a single institution and was conducted to evaluate the safety 
and feasibility of tele-CR in this case series. Given the small 
sample size, no definitive conclusions could be reached. To 
demonstrate the advantages of tele-CR in improving exer-
cise tolerance, prognosis and its safety for patients with low 
exercise tolerance, long-term interventions involving larger 
samples need to be implemented. The results of our tele-CR 
program indicate the feasibility of this system. It should be 
noted, however, that the outcome may be dependent on the 
patient’s digital literacy, internet environment, and available 
applications. In Japan, the Health, Labor, and Welfare Ministry 
has proposed 10 basic plans for patients with CVD and for im-
proving the medical services [20]. In the future, it is necessary 
to develop remote medical systems that are simple and easy to 
use for anyone anywhere.

Figure 2. Comparison of exercise tolerance before and after tele-CR. CR: cardiac rehabilitation.
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Conclusions

Tele-CR for phase II CR may be applicable as an intervention 
option for patients with CVD. We believe that it is essential to 
understand the advantages of and challenges in tele-CR and to 
further investigate the usefulness of tele-CR in terms of QoL, 
prognosis, and cost effectiveness while promoting industry-
university and medical-engineering collaboration.
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