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ABSTRACT

Background: Previous studies have demonstrated that remote cardiac device monitoring reduces unnecessary
outpatient visits and increases patient satisfaction. As domestic research on remote monitoring in Korea is lacking,
there is a need for more evidence in order to develop remote monitoringrelated policies or insurance standards.
Based on our previous research on patient requirements for remote monitoring, we designed the first Korean study
on remote cardiac device monitoring, including a 1-year follow-up period, to examine the patient satisfaction, medical
safety, and efficacy of remote monitoring.

Methods: The REMOTE-CARE study is a single university hospital observational survey study that will include 100
cardiac implantable electronic devices, including Pace Makers (PMs), Implantable Cardioverter Defibrillators (ICD),
and Cardiac Resynchronisation Therapy (CRT), compatible with the Biotronik home monitoring system. All study
participants will be provided cardio messenger smart for remote monitoring during enrolment. Regular in-office visits
will be planned every 6 months-12 months for patients with PM and every 3 months-6 months for those with ICD
and those undergoing CRT. The time/medical cost efficacy and satisfaction index will be evaluated using electronic
medical records during the 12 months follow-up period. Pre and post-questionnaires will be administered before
and at 1 year after remote monitoring, respectively.

Discussion: The REMOTE-CARE study is the first prospective study to provide further insights on domestic remote
monitoring applications based on patient perspectives in South Korea. The study will also provide evidence for
developing policy or insurance standards for remote monitoring in Korea.

Registration: The REMOTE-CARE study is registered at ClinicalTrials.gov with study ID NCT04557111. This
study was approved by the Institutional Review Board (IRB) of the Catholic University of Korea St. Vincent’s
Hospital (Suwon, South Korea; IRB No. VC20DISF0160).
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INTRODUCTION

Previous studies have shown that remote device monitoring is
safe; it decreases unnecessary outpatient visits and increases
patient satisfaction [1-6]. There has been a substantial increase
in Remote Monitoring (RM) after the Coronavirus Disease

2019 (COVID-19) pandemic in many countries [7-10].

There is a lack of domestic evidence suitable for developing
policy or insurance standards in Korea, as research or experience
of RM of Cardiac Implantable Electronic Devices (CIEDs) is
lacking. In a previous study, we demonstrated the patient
requirements of RM in Korea [11] and, after the pre-RM survey
study; we planned the first survey-based prospective RM study in
Korea.

To date, several trials have examined the safety and efficacy of
RM in other regions [12-14]. Although telemedicine and RM are
not synonymous, the use of the latter, included in telemedicine,
has been limited in Korea owing to reluctance towards
telemedicine due to the unique medical insurance system in
Korea. Unlike many other countries, Korea's medical service is
state-led, allowing all citizens to receive health examinations,
diagnoses, and treatments by applying the National Health
Insurance System (NHIS) to all citizens. It is an advanced
medical system that reduces excessive medical expenses for
by differentiating the medical
according to the severity of the disease or the patient’s economic
situation. Therefore, unlike in the United States or Japan, in
Korea, patients receive high-quality medical care and treatment

people patient's expenses

at a relatively lower cost burden, which benefits most people
[15-18]. Additionally, elderly or patients are
classified into medical beneficiary to receive NHIS specified
medical cost support by the country with minimizing personal

low-income

burden of medical expenses [19]. However, the consequence of
this national insurance system is that patients are concentrated
in university or large hospitals. There is a concern that the
concentration of patients and the profit gap between hospitals
if telemedicine is implemented. Therefore,
compared to Western countries, insurance applications and the

will worsen

domestic introduction of new medical technologies or

treatments have been delayed in Korea.

Before 2020, there was a stigma on telemedicine in Korea. As
the demand and need for telemedicine have grown since the
COVID-19 pandemic, there has been an increased interest in
telemedicine. Remote medical services have begun to be widely
used with the recent commercialisation of wearable
Electrocardiogram (ECG) devices [20-22]. The introduction of
RM services for CIEDs that have already been verified abroad
has accelerated. However, data on patient demand for RM in
Korea are scarce, and experience of RM among medical experts
is lacking. Thus, this study aims to provide appropriate grounds
for the introduction of RM in Korea in a timely manner.

This REMOTE-CARE study will be the first prospective study in

Korea to provide:

¢ Evidence of RM from a patient perspective,
¢ Evaluate the efficacy and safety of RM compared to
conventional in-office visits, and
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¢ Evaluate the saved medical expenses of the patients in
comparison to increased work load of the medical staff.

MATERIALS AND METHODS

Study design and study population

This single-university-hospital prospective pilot study will
evaluate the efficacy and safety of RM of CIEDs, along with
patient experience of RM, using a specially designed survey on
hospital visits. Patients with Biotronik (Berlin, Germany) CIED
implants compatible with the Biotronik Home monitoring
system will be included in the study. The overall study process is
illustrated in Figure 1. To compare conventional in-office visits,
CIED care, and RM care, patients who had experienced
outpatient treatment with a CIED implanted for at least 6
months prior will be enrolled. Calculating the number of study
participants for statistical analysis is difficult, as this is only a
pilot study examining the medical staff’s work intensity and
whether introduction RM is possible. For this reason, we aim to
enrol 100 participants in this study, followed by at least 12
months of RM:-based follow-up. Participants who want to
discontinue RM or are lost during follow-up will be excluded
from the study analysis.

Enroliment
(Biotronik CIED implanted patients > 6months before
enrollment)

I
Informed consent (+)

1. Pre-RM questionnaire regarding previous in-office visit
experiences
2. CardioMessenger pairing and education for RM

Scheduled in-office visits [y LY Physician made report transmission
(every 3-6 months for ICD/CRT, monitoring Y (ever W—ZPmonths)
every 6-12 months for PM) (12+1 y

months)

1. Post-RM questionnaire regarding RM experiences
2. Routine in-office examination

Figure 1: Study process flowchart.

This study was approved by the Institutional Review Board (IRB)
of the Catholic University of Korea St. Vincent’s Hospital
(Suwon, South Korea; IRB No. VC20DISF0160) as version 1 on
10 September, 2020. The study protocol was registered at
ClinicalTrials.gov, with study ID NCTO04557111 (REMOTE-
CARE study). The IRB will independently monitor the study
protocol and process, and conduct audits every 6 months from
the enrolment of the first patient. This study will be conducted
in accordance with the declaration of Helsinki and is supported
with funding from Biotronik.

Data collection and follow-up

After obtaining documentation of informed written consent
from the all participants, they will be requested to complete a
questionnaire (‘Survey on telehealth patient experience’ by
YouMi Hwang, 2021, modified version; Table 1) regarding their
prior experiences with conventional in-office visits before using
RM. After completing the pre-RM questionnaire, the patients or
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their caregivers will receive CardioMessenger Smart (CM), which CM and RM use will be provided. Following this, daily RM will
will be immediately paired to their CIEDs, and instructions for be initiated.

Table 1: Survey on telehealth patient experience (YouMi Hwang, 2021, modified version).

Questions

1. How long does it <30 minutes 30 minute” 60 1 hour-2 hours 2 hours-3 hours >3 hours
take from home to the minutes

hospital?

2. How much time does <1 hour 1 hour™ 2 hours 2 hours™ 3 hours 3 hours ™ 4 hours >4 hours

it take you to attend a
cardiology clinic?

3. What transportation ~ Public transportation Own car Taxi Multiple choices
do you use to travel to

the hospital?

4. What is your labour ~ Have a job Unemployed Others

situation now?

5. Do you need to be Yes No
accompanied by

caregivers to attend the

clinic?

6. What is the labour Have a job Unemployed Others
situation of your
accompanying person?

7. Do you or the Yes No
accompanying person

have any expenses

when traveling to the

hospital?

8. How much do you <$10 $10720 $20730 $30740 >$40
spend per hospital visit

9. Do you have Yes, I have some No, I'm satisfied

discomfort similar to discomfort

before the CIED

implantation?

10. How many times  Never Once >2 times

have you called the
clinic between the last
visit and the current
visit?

11. How often have Never Once >2 times
you attended the

emergency room

related to your CIED

since the last visit?

12. Was the Yes No
explanation of your
condition sufficient
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during the in-office
visit?

13. It would be better to ~ Yes No
check the device status

by phone or email

rather than visiting the

hospital in person.

During the 12 months RM period, primary investigators will
review all RM events and send brief summary reports of their
CIED status every other month by the patients’ preferred means
(mail, email, or multimedia messaging service) to improve
adherence to RM. Any unexpected visits or admission during the
study period will be classified into the following: Device-related,
patients’ cardiovascular condition-related, non-cardiovascular
condition-related events. Additionally, these will be divided into
either physician-driven (RM-based) or patient-driven hospital
visits.

During the study, routine clinic follow-ups will be scheduled
every 6 months-12 months for PM recipients and every 3
months-6 months for patients with an Implantable Cardioverter
Defibrillator (ICD), except for those on warfarin treatment or
those with other relevant medical issues.

RESULTS

After at least 12 months of RM, patients will be asked to
complete a second survey using both the ‘Survey on telehealth

patient experience by YouMi Hwang, 2020 (Table 1) and a
modified Korean version of the HoOMASQ by YouMi Hwang,
2020 (Table 2). Clinical information will be recorded, including
past medical history, indications for CIED implantation, and
types and modes of CIEDs. Hospital visiting times will be noted
when the patient consults at the outpatient clinic desk and this
information will be automatically recorded in the Electronic
Medical Records (EMR). Clinic consultation times, when the
physician starts and ends the consult with each patient, will also
be automatically registered in the EMR. Medical costs will be
requested and analysed through the EMR throughout the study
period to estimate each patient's medical expenses and the
insurance payment required for each hospital visit. Additionally,
the physician’s time consumed during RM monitoring will be
measured in hours per year.

Table 2: Survey on patient satisfaction with remote monitoring (modified Korean version by YouMi Hwang, 2020 from HoMASQ;

Europace.

Question Strongly agree Agree

Neutral

Disagree Strongly disagree

1. There was much
overall discomfort
using remote
monitoring

2. I feel my health and
the CIED were better
cared for with remote
monitoring than with
conventional in-office
visits

3. It was not easy to
use cardio messenger

4. Using cardio
messenger caused an
inconvenience in my

daily life

5. Remote monitoring
has helped me manage
my health
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6. I am satisfied with
the use of remote
monitoring

7. Remote monitoring
has advantages in terms
of time and cost
compared to visiting
the hospital

8. I want to continue
remote monitoring

9. I would like to

recommend remote
monitoring to other
patients with CIED

The primary endpoint will be the estimation of satisfaction after
RM. The secondary endpoints will include time, economic and
qualitative evaluation comparisons (including cardiovascular

death

cardiovascular disease) between contact medical care and RM

and hospital admissions related to pre-existing

for CIED recipients and medical personnel.

All files and data generated by this protocol will be stored in a
secured safe box or as copied files with passwords with only the
investigator’s accessibility. Data from this study will not be
openly accessible because of personal identifiers or sensitive
information included.

Remote patient monitoring system

CM is a device that collects information through wireless
technology, encodes the collected biometric data, and transmits
it to a medical institution. It will be utilised in this study to
deliver the data from the device implanted in the user (patient)
to the attending physician. This study may also use the successor
model of the CM family. The package provided to participants
will consist of the CM device and a power supply module. The
CM receives information from the paired CIED once daily,
typically at night. Study participants will be asked to charge it at
night to ensure it works the following day. While on long
business trips or traveling, patients will be asked to carry it with
them and keep the CM connected to a charger at night-time
near their bedside. The trans-server is used for communication
with the CIED, and the data received from the device are
encrypted and sent to the website using the data module. The
website can be accessed only with a single ID and password
given to the registered medical practitioner (in this study, only
YMH) and does not contain any personally identifiable
information other than information related to the patient's
device. If there is an event, such as a periodic overall CIED
check-up, change in the patient’s rhythm, or change in the
device, an alert is automatically sent to the registered medical
staff, which can immediately monitor the event as soon as it is
transmitted to the website.

J Clin Exp Cardiolog, Vol.16 Iss.04 No:1000945

Statistical analysis

Continuous variables will be expressed as means * standard
deviations. Categorical variables attained by the survey will be
described using numbers and frequencies and multiple-choice
analysis, as appropriate. A paired ttest will be applied for pre-
and post-RM measurements. All tests will be two-sided, and a p-
value of p<0.05 will be considered statistically significant.
Statistical analyses will be performed using R version 4.05
statistical software (R Foundation for Statistical Computing,
Vienna, Austria) and Stata, version 16 (StataCorp, Cary, NC,
USA).

DISCUSSION

This study will provide evidence for developing policy or
insurance standards for RM in Korea. Patients with CIEDs need
regular follow-ups for their underlying cardiac conditions,
alongside planned checkups for the implanted devices, as
CIEDs are implanted due to an underlying arrhythmia or
structural heart disease. We previously demonstrated that the
clinic consultation time is short despite long travel and waiting
times.

Owing to Korea's unique medical insurance system, despite the
development of medical technology, new medical technologies
have been introduced much later compared with other medically
developed countries. This is attributed to the medical policy of
South Korea, which ensures national health insurance benefits
for all Korean citizens. While there is an advantage of providing
expensive and precise medical technologies, procedures, and
drugs to many people at low prices, the number of patients is
too large compared to the size of the medical staff who offers
high levels of medical services? Thus, there are time and physical
constraints to provide appropriate services. Accordingly, proper
communication between patients and medical staff and
individualised patient care is difficult in the current situation in
Korea. Narrowing the knowledge gap between patients and
physicians within such a short in-office consultation time is
almost impossible. Assessing the patient's problems and
addressing CIED-associated events during a short period, with
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many patients in waiting, presents a heavy burden for the
medical staff. Additionally, there may be a difference in
perspective between patients with CIED and the physicians, as
patients may feel they need to receive adequate attention or care.
The abovementioned factors may lead to dissatisfaction by
patients and physicians and inadequate CIED recipient’s
knowledge regarding their disease status. The result of this may
be poor compliance from the patient regarding care and self-
administered treatments. Although the number of CIED
recipients is gradually increasing due to an aging population, it
is not a desirable direction for medical treatments for either
party. For individualised and optimised patient management,
the need for RM of CIEDs is greater than ever. To effectively
utilise RM, cooperation from patients and their guardians and a
sufficient understanding and education regarding RM and their
disease are essential. Patient awareness and collaboration may
contribute to the diverse results highlighted in previous research
investigating patient satisfaction. This study will provide the first
real-world evidence of patient experience with RM and patient
satisfaction in Korea.

Although an RM system for heart disease is necessary in Korea,
the RM system for heart disease is mistaken for the remote
treatment of patients, which is not true. The importance and
essence of the RM is early detection of medical problem and
possible early management by communicating with actively
engaged patients and the caregivers. Thus, RM system needs the
participants (both physician and the patients/caregivers)
bidirectional cooperation to reach the targeted result, which is a
patient-tailored-medicine. However, the RM system still has
several issues, including legal issues with the personal
information in the patients’ data and safety, and legal concerns.
Besides, possible problems during remote patient management,
disagreements between various institutions and industries are
not settled yet. In Korea, patients with heart failure or
supposed to undergo
monitoring in their daily life. However, because of the

transplanted cardiac devices are
aforementioned issues, only facetoface visits for routine
monitoring and medical interventions or treatments during

hospital visits are possible.

As we do not have any domestic references or data regarding RM
of CIEDs, the REMOTE-CARE study will be the first
prospective study in Korea to provide evidence of RM from a
patient perspective, evaluating the efficacy and safety of RM
compared to conventional in-officevisits. It will provide the
basis for estimating the effect of reducing medical expenses of
the patients and the insurance system vs. to the increased out-of-
office work intensity of the medical staff.

CONCLUSION

This study has a few limitations. Only a few participants will be
included in this study as it is the first regional RM trial assessing
the patient’s and physician’s points of view on RM utilisation.
Investigators will evaluate the safety and the cost-effectiveness of
RM compared to conventional in-office visits. The results of this
study will provide an important starting point for the
introduction of RM in Korea. Further, if the advantages of RM
are proved in Korea, it will be possible to conduct a large-scale
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study that can influence the establishment of RM domestically.
We believe that this study can be used to introduce RM in Korea
by setting reasonable insurance policy applicable to the country
and reducing the stigma surrounding telemedicine.
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