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Purpose: Remote monitoring of cardiac devices reduces unnecessary outpatient visits and increases patient satisfaction. We aimed to 
evaluate remote monitoring in terms of patient satisfaction, economic efficiency, and safety.
Patients and Methods: This was a single university hospital survey. The time/medical cost efficacy and satisfaction index were evaluated 
using a questionnaire to investigate patient satisfaction before and after remote monitoring in patients using Biotronik implantable cardiac 
devices. The questionnaire was adopted and modified from Hwang’s 2020 Survey on Telehealth Patient Experience.
Results: Remote monitoring was associated with a decrease in total outpatient visits. Of 1270 remote monitoring-related alerts 
clinicians received during the study period, more than 95% were from patients with pacemakers. Still, the severity of alerts was higher 
for implantable cardioverter defibrillators and cardiac resynchronization therapy with defibrillators. The post-RM survey results 
demonstrated that patients were generally satisfied with RM, perceived it as cost-effective, and found that RM facilitated health 
management without disrupting their daily routines.
Conclusion: The study participants were satisfied with their first remote monitoring experience and reported having time- and cost- 
savings by using remote monitoring. Remote monitoring-related alerts from high-voltage devices were more severe and required 
medical intervention.
Keywords: pacemaker, artificial, cardiac resynchronization therapy devices, defibrillators

Introduction
Telehealth has become a concept that is familiar to laypersons as monitoring of vital signs, such as smartwatches and 
smartphones, has been established.1–6 As wearable devices have increased in popularity after the coronavirus disease 2019 
pandemic, the demand for telehealth has also increased. Remote monitoring is a type of telehealth, and its effectiveness, 
efficiency, and safety have already been verified.7–12 Although remote monitoring of cardiac devices had been adopted for 
over a decade in other countries due to its effectiveness and safety, the introduction of remote monitoring was delayed. This 
delay was attributed to conflicting expert opinions from various fields about its introduction and the unique domestic medical 
insurance system in the country. In light of this situation, this study was conducted to gather empirical data for evaluating the 
safety and effectiveness of remote monitoring among patients with cardiac implantable electronic devices and to explore the 
potential consequences of RM adoption within the National Health Insurance system framework.

Materials and Methods
Study Design and Population
Remote-Care was a prospective study conducted at a single university hospital. Its primary objective was to assess the 
effectiveness and safety of remote monitoring for cardiac implantable electronic devices. The study also aimed to gather 
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patient experiences regarding remote monitoring through surveys that were designed to reflect the medical context in 
Korea. Figure 1 provides an overview of the study process. The study participants comprised patients using Biotronik 
(Berlin, Germany) cardiac implantable electronic devices (pacemakers, implantable cardioverter defibrillators, and 
cardiac resynchronization therapy with defibrillators) compatible with the Biotronik Home Monitoring system. To 
compare conventional in-office visits before and after remote monitoring implementation, the study was comprised of 
patients who had undergone outpatient treatment with a cardiac implantable electronic device implanted for at least 6 
months before they enrolled in the study. The study participants were followed up for 12 (±1) months for their remote 
monitoring use, in-person visits, and related out-of-pocket costs.

This study was approved by the Catholic University of Korea, St. Vincent’s Hospital Institutional Review Board 
(Suwon, South Korea; Institutional Review Board No. VC20DISF0160). The Remote-Care study was registered at 
ClinicalTrials.gov with the study ID NCT04557111. This study was conducted following the Declaration of Helsinki and 
supported by Biotronik.

Data Collection
After obtaining informed consent, participants were requested to complete a questionnaire13 regarding their prior experience 
with conventional in-office visits before using remote monitoring. After completing the pre-remote monitoring questionnaire, 
patients (±caregivers) received a mobile CardioMessenger Smart device, which was immediately paired with their cardiac 
implantable electronic devices, along with instructions for CardioMessenger Smart and remote monitoring use.

During the 12 months of remote monitoring, the primary investigator (YMH) reviewed the remote monitoring alerts 
and sent summary reports to each patient about their cardiac implantable electronic device status every other month, 
according to the patient’s preferred means (mail, e-mail, or Multimedia Messaging Service). Following the 12-month 
post-period, patients were invited to provide feedback on their experience with remote patient monitoring. This was done 
by completing an adapted Korean version of the Home Monitoring Acceptance and Satisfaction Questionnaire developed 
by Hwang (2020) (Supplementary Table 1).

We collected data from electronic medical records (EMR) about medical histories and the frequency of outpatient 
visits. Routine follow-up visits were scheduled at 6–12 months for patients with pacemakers and 3–6 months for patients 

Figure 1 Study flowchart, in-office instructions for cardiomessenger and remote device monitoring, and embedded patient report form during follow-up period.
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with implantable cardioverter defibrillators, except in patients on warfarin or those with other relevant medical issues. 
Any unexpected visits or admission during the study period were classified as (a) device-management visits due to 
CardioMessenger Smart device pairing problems, (b) participants’ cardiovascular condition-related, and non- 
cardiovascular condition-related visits. We categorized non-routine visits into three groups: a) patient-initiated visits 
(medication-related consult or consultation from other departments for preoperative evaluation/mode change before 
imaging or elective operation) and b) physician-initiated visits (physician requested hospital visits based on RM finding 
or alerts; CM connection error related hospital visit request for a checkup for device pairing).

The primary endpoint was patient satisfaction after remote monitoring. The secondary endpoints included comparing 
time and qualitative evaluations, including medical costs between contact medical care and remote monitoring for cardiac 
implantable electronic device recipients and medical personnel. Subgroup analysis was conducted based on pre-RM 
survey responses, considering the hospital-to-home travel distance and the device type.

Statistical Analysis
Continuous variables were expressed as mean ± standard deviation. The categorical variables obtained by the survey 
were described using numbers, frequencies, and multiple-choice analysis, as appropriate. A paired t-test was used for pre- 
and post-remote monitoring measurements. All tests were two-sided, and a p-value of <0.05 was considered statistically 
significant. Statistical analyses were performed using R version 4.05 statistical software (R Foundation for Statistical 
Computing, Vienna, Austria) and Stata, version 16 (StataCorp LLC, College Station, TX, USA).

Results
Baseline Patient Characteristics
A total of 102 patients agreed to participate in the study. We excluded five pacemaker patients who passed away from non- 
cardiac-related causes (malignancy, bystander traffic accident, and an intracranial hemorrhage) during the post-remote 
monitoring period from the analysis. The analyzed sample included 79 pacemaker patients, 15 implantable cardioverter 
defibrillator patients, and 3 cardiac resynchronization therapy with defibrillator patients (Table 1). Information on travel time 

Table 1 Baseline Patient Characteristics

Age 69.6 ±12.6

Female 55.7%
Caregiver accompaniment for in-person visits 47.4%

Device implantation year 2019 ±0.89

Device type
Pacemaker (N=79)

SSS 79.4%

AVB 2.1%
Dual chamber ICD (N=15)* 15.5%

CRT-D (N=3) 3.1%

Travel time to the hospital
<30 min 42.3%

30–60 min 34.0%

>1 hour 23.7%
How much do you spend per hospital visit?

<10,000 KRW (< $ 8) 14.4%

10,000–20,000 KRW ($ 8–16) 13.4%
20,000–30,000 KRW ($ 16–24) 17.5%

30,000–40,000 KRW ($ 24–32) 25.8%

40,000+ KRW ($ 32+) 28.9%

N 97

Note: *VDD ICD included. 
Abbreviations: CRT-D, cardiac resynchronization therapy with a defibrillator; 
ICD, implantable cardioverter defibrillator; KRW, South Korean Won.
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to the hospital was collected from the pre-RM survey: 42% of patients took less than 30 minutes, 34% took 30–60 minutes, and 
24% took over an hour. 47% of patients indicated the need for caregiver accompaniment during in-person visits in the survey.

Changes in Total Outpatient Visits Associated with Remote Monitoring Adoption
Remote monitoring decreased total outpatient visits from 3.7 to 2.7 per patient (Figure 2). In Figure 3A, total outpatient 
visits for pacemaker patients dropped from 3.6 to 2.6 (P < 0.001), whereas patients with ICD/CRT-D experienced 
a decrease from 3.8 to 3.2 (P = 0.36). People whose travel time to the hospital exceeded an hour experienced a drop in 
total outpatient visits from 3.8 to 2.3 during the post-RM period (P < 0.001), while those with travel times under 30 
minutes saw a decrease from 3.8 to 2.9 visits (P = 0.03) (Figure 3B). Furthermore, a comparable trend in total out-of- 
pocket cost during hospital visits was associated with hospital visits observed among different device types (Figure 4).

Unplanned Visits During Remote Monitoring
During the post-remote monitoring period, the study participants made 301 outpatient visits during the post-period. Out 
of the 65 non-routine visits, only 11 were initiated by physicians. Among these, 5 were related to device management 
problems, resulting in hospital visits due to pairing issues with the Cardio Messenger Smart device. Most of the non- 
routine visits during the post-implementation period were prompted by patients. Out of the 54 patient-initiated visits, 
only 13 involved medical consultations or discussions related to their health conditions.

Remote Monitoring Alerts (Immediate Actionable, Non-Emergent Actionable, and 
Non-Actionable Alerts)
During the 12-month follow-up period, a total of 1270 alerts for remote monitoring were received. Over 98% (1255 alerts) 
were determined to be nonactionable. Among 15 actionable alerts, 8 were non-emergent cases tied to CardioMessenger Smart 
or device parameter adjustments, promptly addressed within five business days. The remaining 7 urgent alerts originated from 
three patients: 2 from a patient undergoing cardiac resynchronization therapy with a defibrillator, involving ventricular 
tachyarrhythmia, and five from two patients with implantable cardioverter defibrillators. Four instances were attributed to 

Figure 2 Pre- and post-remote monitoring total outpatient visit comparison.
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Figure 3 Pre- and post-remote monitoring total outpatient visit comparison by device type (Panel A) and travel time to hospital (Panel B).

Figure 4 Pre- and post-remote monitoring costs during hospital visit comparison by device type (displayed in Korean Won).
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a ventricular tachyarrhythmia storm in one patient. In all cases, clinical interventions were implemented within 24 hours of the 
remote monitoring alert.

Post-Remote Monitoring Patient Satisfaction Survey
Post-RM satisfaction survey showed increased patient satisfaction, cost-effectiveness, and facilitated health management 
without disrupting daily life.14 In Table 2, over 90% of the participants reported no discomfort with the remote 
monitoring, were willing to continue using it, and would like to recommend it to other patients with CEID. Less than 
4% of participants reported feeling uneasy about not being able to see the medical staff in person and hesitated to use 
remote monitoring service. We found similar patterns across various patient device types, travel distances to the hospital, 
and whether caregiver assistance was needed during hospital trips.

Table 2 Post-RM Patient Satisfaction Survey Results by Patient Device Type

1 Strongly 
Disagree

2 
Disagree

3 
Neutral

4 
Agree

5 Strongly 
Agree

Panel A. Pacemaker patients (N=79)
Q1. Using RM was quite uncomfortable

0.96 0.00 0.01 0.01 0.01

Q2. RM provided better care for my health and CIED than in-person visits

0.05 0.01 0.19 0.25 0.49

Q3. It was not easy to use CardioMessenger

0.94 0.03 0.00 0.01 0.03

Q4. Use of CardioMessenger caused inconvenience in my daily life

0.90 0.04 0.00 0.04 0.03

Q5. RM helped manage my health

0.01 0.01 0.23 0.34 0.41

Q6. I found the use of RM to be satisfactory

0.00 0.00 0.09 0.33 0.58

Q7. RM offered a cost-effective and time-saving alternative to hospital visit

0.03 0.00 0.10 0.23 0.65

Q8. I would like to continue using RM

0.03 0.01 0.04 0.23 0.70

Q9. I would like to recommend RM to other CIED patients

0.01 0.03 0.04 0.20 0.72

Panel B. ICD/CRT-D patients (N=18)
Q1. Using RM was quite uncomfortable

0.94 0.00 0.06 0.00 0.00

Q2. RM provided better care for my health and CIED than in-person visits

0.06 0.11 0.11 0.22 0.50

Q3. It was not easy to use CardioMessenger

0.83 0.00 0.00 0.06 0.11

Q4. Use of CardioMessenger caused inconvenience in my daily life

0.83 0.06 0.00 0.00 0.11

Q5. RM helped manage my health

0.06 0.06 0.11 0.44 0.33

Q6. I found the use of RM to be satisfactory

0.06 0.00 0.00 0.44 0.50

Q7. RM offered a cost-effective and time-saving alternative to hospital visit

0.00 0.00 0.06 0.44 0.50

Q8. I would like to continue using RM

0.00 0.00 0.11 0.28 0.61

Q9. I would like to recommend RM to other CIED patients

0.00 0.00 0.06 0.22 0.72
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Discussion
Through telehealth, communication between medical staff and patients is improved. As the use of medical data expands, 
the storage, processing, and analysis of massive data and the resulting increase in workload are emerging problems.15 

Appropriately integrating and visualizing such biometric data in electronic medical records is a significant burden.16 Data 
responsibility and security issues are also of concern.17 Removing and processing noise from the data obtained from 
a telehealth device may be required. In this respect, patients with a cardiac implantable electronic device can receive data 
under relatively constant conditions, such as heart rhythm or thoracic impedance measured by the heart.10,18,19

Patients with cardiac implantable electronic devices usually have an underlying arrhythmia or structural heart disease as an 
indication for electronic device implantation.20,21 Although most cardiac implantable electronic device recipients benefit from 
cardiac implantable electronic devices and experience a better quality of life after device implantation, they have concerns and 
uncertainty regarding post-cardiac implantable electronic device conditions.22,23 However, through this study, the researchers 
considered that the most significant advantage of remote monitoring was the improvement of patient satisfaction and quality of 
life. The CardioMessenger Smart-based remote monitoring used in this study enabled stable daily patient cardiac implantable 
electronic device monitoring, which decreased the workload of medical staff. In addition, due to daily remote monitoring, 
patients and guardians had much more trust in the medical staff. In addition, patients had more confidence in their health 
management without significant discomfort after remote monitoring (Table 2).

The National Health Insurance System in Korea is well established. Its comprehensive coverage enables high-quality 
medical services at relatively low costs to beneficiaries.24,25 While it is helpful to most people to maintain this insurance 
system, there is a problem in that insurance regulations become tighter. Delays occur when introducing new medical 
technologies compared to Western countries.26 Consequently, a patient imbalance exists between university/tertiary 
hospitals and small hospitals/primary clinics. In addition, there is a significant preference for regular hospital visits 
owing to low medical costs as an insurance benefit, which causes an increase in the number of patients per clinic, 
especially in tertiary or academic hospitals. This, in turn, results in a short clinic time per patient in many university or 
tertiary hospitals. Resolving existing information imbalances between patients and physicians in the real world is almost 
impossible. It is natural that the shorter the treatment time, the more significant this information gap will become. These 
factors lead to dissatisfaction among patients and inadequate cardiac implantable electronic device recipient management 
and may eventually worsen the clinical outcomes of patients with cardiac implantable electronic devices.

Remote monitoring in cardiac implantable electronic devices is a system that can provide individualized treatment and 
management tailored to each patient.27–29 But to apply this system, it is necessary to provide sufficient remote monitoring- 
related education to patients before remote monitoring implementation and to maintain adequate communication between 
patients and medical staff after the remote monitoring application. Additional prerequisites are required to reach optimal 
remote monitoring: dedicated and well-experienced personnel, facilities, and proper education of medical experts/caregivers/ 
patients. The workload, as mentioned earlier, data management issues, responsibility, and security of data16,17,30 are also 
important matters.

The present study included a first survey on patient experience with remote monitoring.14 This study evaluated the safety 
and efficacy of remote monitoring and patient satisfaction after using remote monitoring in the necessity of domestic evidence 
for remote monitoring-related policy or insurance guidance. Based on this study, there are undeniable time and socioeconomic 
benefits for patients with cardiac implantable electronic devices following the remote monitoring application. Ultimately, the 
investigators hope that this study will serve as a basis for representing the needs of patients and medical staff, thereby 
providing an opportunity for cardiac implantable electronic device remote monitoring to be widely applied in Korea.

This study had several limitations. First, since it was performed in a single university hospital with a relatively small 
number of patients, the results might be generalizable to only some cardiac implantable electronic device recipients. Even 
though the study aimed to reflect cardiac implantable electronic device recipient satisfaction with remote monitoring, the 
survey was adopted and revised by a physician and had the limitation of perhaps not representing patient opinions fully. 
A high proportion of pacemaker patients were included in study. RM benefits primarily observed in this group for 
reduced hospital visits and cost-effectiveness. To determine the clinical safety and efficacy of remote monitoring in 
patients with cardiac implantable electronic devices, it is thought that the benefit of remote monitoring would have been 
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higher if the proportion of implantable cardioverter defibrillator/cardiac resynchronization therapy with defibrillators was 
more significant. Finally, since this was a short-term follow-up study, the burden of medical staff, time, and cost 
reduction might have been underestimated in the present study. A more extended evaluation should be considered to 
confirm its efficacy and safety in a follow-up study.

Conclusion
Based on the survey, most patients with cardiac implantable electronic devices with remote monitoring experience were 
satisfied with the remote monitoring system using a CardioMessenger Smart device. Investigators confirmed that there 
were definite time- and cost-saving effects after remote monitoring. Nevertheless, to settle remote monitoring in practice 
in Korea, many things need to be supplemented by referring to other countries that apply remote monitoring, such as 
proper education and communication for patients and medical experts, the problem of leaving appropriate medical 
records, the safety of information related to remote monitoring, and legal liability issues. Setting reimbursement 
agreements and getting insurance coverage in Korea should be prioritized. The investigators speculate that the results 
of this study will serve as a basis for speeding up the realization of remote monitoring in Korea.
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Due to the sensitive nature of the data, information created and analyzed during the current study is available from the 
corresponding author on reasonable request to bona fide researchers.
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