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Telehealth Follow-up Using a Real-Time Electrocardiogram
Device Improves Electrocardiogram Monitoring Duration
and Patient Satisfaction After Catheter Ablation

Mitsuru Takami, MD, PhD; Koji Fukuzawa, MD, PhD; Kunihiko Kiuchi, MD, PhD;
Hiroyuki Takahara, MD, PhD; Kimitake Imamura, MD, PhD; Toshihiro Nakamura, MD, PhD;
Yusuke Sonoda, MD; Kazutaka Nakasone, MD, PhD; Kyoko Yamamoto, MD, PhD;
Yuya Suzuki, MD; Kenichi Tani, MD; Hidehiro Iwai, MD;

Yusuke Nakanishi, MD; Mitsuhiko Shoda, MD; Atsushi Murakami, MD;

Shogo Yonehara, MD; Ken-ichi Hirata, MD, PhD

Background: There is a strong demand for remote monitoring systems to gather health data. This study investigated the safety,
usefulness, and patient satisfaction in outpatient care using telehealth with real-time electrocardiogram (ECG) monitoring after cath-
eter ablation.

Methods and Results: In all, 38 patients who underwent catheter ablation were followed up using telehealth. At the 3- and 6-month
follow-up, a self-fitted Duranta ECG monitoring device was sent to the patient’s home before the online consultation. Patients attached
the devices themselves, and the doctors viewed the patients by video chat and performed real-time ECG monitoring. The frequency
of hospital visits and the ECG monitoring duration were compared with conventional in-person follow-up data (n=102). The comple-
tion rate for telehealth follow-up was 32 of 38 patients (84%). The number of hospital visits during the 6 months was significantly
lower with telehealth follow-up than with conventional follow-up (median [interquartile range] 1 [1-1] vs. 5 [3-5]; P<0.0001). However,
the ECG monitoring duration was approximately 4-fold longer for the telehealth follow-up (median [interquartile range] 89 [64—117]
vs. 24 [0.1-24] h; P<0.0001). No major adverse events were observed during the telehealth follow-up. Patient surveys showed high
satisfaction with telehealth follow-up due to reduced hospital visits.

Conclusions: A combination of telehealth follow-up with real-time ECG monitoring increased the ECG monitoring duration and
patient satisfaction without any adverse events.

Key Words: Catheter ablation; Electrocardiogram (ECG) monitoring; Online consultation; Telehealth

since the COVID-19 pandemic.!? However, one of
the shortcomings of telehealth is the lack of access
to a patient’s physical information during online consulta-
tions. In particular, the use of telehealth in patients with
arrhythmias requires access to real-time electrocardiogram
(ECG) data to understand the patient’s condition. Conse-
quently, a strong demand has emerged for a remote moni-
toring system that would gather health data with a reduced
or no need for in-person contact.
Catheter ablation therapy for arrhythmias has markedly
developed in recent years, and the number of catheter abla-

T he use of telehealth has been growing worldwide

tions is rapidly increasing in Japan;3 however, this proce-
dure carries a risk of recurrence of arrhythmia. Consequently,
ECG monitoring and its duration are crucial factors for
detecting arrhythmia after catheter ablation.!4¢ We previ-
ously reported the practical utility of using the postal ser-
vice for the delivery of patch-type, self-fitted, wearable ECG
monitoring devices (Duranta; ZAIKEN, Tokyo, Japan)
for the long-term ECG recording in outpatient care.” The
postal service safely delivered the ECG devices between the
patients’ homes and the hospital, allowing the patients to
perform long-term ECG recording themselves without
needing to visit the hospital.
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Conventional in-person
follow-up style

|Catheter ablation |

1 month: in-person visit
12-lead ECG, Blood test, X-ray

3 months: in-person visit
12- lead ECG

——24h-Holter ECG

6 months: in-person visit
12- lead ECG

l

12 months: in-personvisit
12- lead ECG

hospital at 3 and 6 months.

Figure 1. Conventional in-person follow-up and novel telehealth follow-up. (A) Conventional in-person follow-up after catheter
ablation. A 12-lead electrocardiogram (ECG) was obtained at each visit. A 24-h Holter ECG was performed between 3 and 6
months after catheter ablation. (B) Novel telehealth follow-up after catheter ablation. Patients visited the hospital 1 month after
catheter ablation. At 3 and 6 months after catheter ablation, telehealth follow-up was performed. Patients did not need to visit the

Novel telehealth
follow-up style

|Catheter ablation |

1 month: in-person visit
12-lead ECG, Blood test, X-ray

Postal delivery
— of ECG system

3 months: Telehealth
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Postal delivery
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6 months: Telehealth

Real-time ECG monitoring

l
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An as yet unexploited benefit of the Duranta ECG sys-
tem is that it can transmit real-time ECG data to a cloud
server. This raises the possibility that doctors in the hospi-
tal could remotely view real-time patient ECG data. We
hypothesized that the combination of Duranta device
delivery between patients and the hospital and the ability
of the patients themselves to perform real-time ECG mon-
itoring at home could be useful in online telehealth consul-
tations. The aim of the present study was to investigate the
safety, usefulness, and patient satisfaction generated by
this novel style of telehealth follow-up for real-time ECG
monitoring of outpatients after catheter ablation.

Methods

This was a prospective single-center cohort study. After
undergoing catheter ablation for arrhythmias, the patients
were informed about the details of the proposed online
telehealth consultations. Patients who expressed willing-
ness to participate in the study were enrolled from August
2021 to November 2022 at Kobe University Hospital, and
all provided written informed consent. The study complied
with the principles of the Declaration of Helsinki and was
approved by the Ethics Committee of Kobe University
Hospital (No. B200292).

Combination of Online Consultation and Real-Time ECG
Monitoring

Overview Differences between the conventional in-
person follow-up and the novel telehealth follow-up are
shown in Figure 1. In the conventional in-person follow-up,
patients visited the hospital at 1, 3, 6, and 12 months after

catheter ablation and underwent a 12-lead ECG at each
visit. A 24-h Holter ECG recording was also performed
between the 3- and 6-month follow-up to detect any arrhyth-
mia recurrence (Figure 1A). In contrast, patients enrolled
in the novel telehealth follow-up used in the present study
visited the hospital only at 1 month after catheter ablation.
They then participated in the telehealth follow-up at 3 and
6 months, thereby eliminating the need for hospital visits
at those times. At the 12-month follow-up, the patients
again visited the hospital (Figure 1B). Data for the conven-
tional in-person follow-up were obtained from 102 con-
secutive patients who underwent catheter ablation for
arrhythmia at Kobe University Hospital between August
2020 and August 2021 (historical data).

Duranta ECG Monitoring Device The details of the
Duranta patch-type ECG monitoring device have been
described previously.™ Figure 2 shows the characteristics
of the Duranta ECG system. The Duranta is a small ECG
device, measuring 78.4mm wide, 35.1 mm deep, and 14.7mm
thick. It is lightweight, just 35 g, and easily attached to the
chest with 2 patch electrodes. Its battery lasts 7 days before
needing to be recharged. ECG data are sent automatically
to a cloud server via an iPhone application. The Duranta
works as both a long-term ECG recorder and a real-time
ECG monitor. Medical staff access the cloud server with a
personal ID and password, downloading ECG data to a
hospital computer for analysis. Medical staff can also see
real-time ECG data on an iPad. An analysis report of the
long-term ECG data was uploaded as a PDF to the
Duranta website, with the PDF of the report then printed
and scanned into the hospital’s electronic health records.

In our previous paper,” we described the utility and

Circulation Reports Vol.5, November 2023
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Figure 2. Duranta electrocardiogram (ECG)
system. The Duranta is a small ECG device
measuring 78.4mm wide, 35.1mm deep,
and 14.7mm thick. It is lightweight (35g) and
easily attached to the chest with 2 patch
electrodes. Its battery lasts 7 days before
needing to be recharged. ECG data are sent
automatically to a cloud server via an iPhone
application. The Duranta works as both a
long-term ECG recorder and a real-time ECG
monitor. Medical staff access the cloud
server with a personal ID and password,
downloading ECG data to a hospital com-
puter for analysis. Medical staff can also see

real-time ECG data on an iPad.

safety of postal delivery of ECG devices between patients’
homes and our hospital. We placed the ECG devices in
prepaid Letter Pack Light envelopes (Japan Post), which
can be put in any postbox in Japan. The Letter Pack Light
envelope typically arrives at its destination within 1-2
days. The delivery status can be tracked on the Japan Post
website.

Pocket Doctor Telehealth Application The Pocket Doctor
telehealth application (OPTiM Corporation, Tokyo, Japan)
was used for patients and doctors to communicate. The
application was downloaded onto patients’ smartphones
during their hospitalization for the catheter ablation. On
the day of the online consultation, the patients and doctors
were able to use the application to talk remotely, face to
face. Video chats were handled as follows:

1. The doctor initiated the video call with the patient
through Pocket Doctor, starting the video conversation.

2. Both the patient and physician confirmed each other’s
identity.

3. Patients were asked about their recent well-being, symp-
toms, any ongoing issues, and medication adherence.

4. The doctor explained the results of the long-term ECG
recordings and real-time ECG. In the event of arrhyth-
mia recurrence, the doctor decided whether to change
to an in-person Visit.

5. At the end of the session, patients were briefed on the
scheduling of upcoming appointments.

Online Consultation With Real-Time ECG Monitoring The
process used for telehealth with real-time ECG monitoring
is shown in Figure 3.

1. The Duranta ECG system arrived at patients’ homes
3-4 days before the telehealth consultation day. The
patients attached the device themselves to initiate long-
term ECG monitoring. Continuous ECG recordings
were made for a duration of 24 days, with the excep-
tion of bathing times. Then, the patient participated in
an online consultation while the continuous ECG mon-
itoring was in operation, allowing for real-time ECG
monitoring during the video chats.

2. Before the online consultation, the doctors accessed the
Duranta cloud server to view the long-term ECG
recording data to check for arrhythmia recurrence.

3. The doctors and patients participated in the online con-
sultation using the Pocket Doctor application. The doc-
tors conducted video chats with the patients while
viewing the real-time ECG data transmitted by the
patients’ Duranta devices.

4. The attending physician documented the examination
findings and the conversation with the patient during
the video chat in the patient’s electronic health record.

5. After the online appointment, the patients returned the
Duranta ECG devices to the hospital by post.

Patient Satisfaction Survey A survey was conducted of
patients who completed telehealth follow-up. The satisfac-
tion survey questionnaires were sent to patients’ homes by
mail and collected by return of post after they had been
completed. The survey included the following questions:

» What is the overall level of satisfaction regarding tele-

health with real-time ECG?

* Do you think ECG monitoring by mailing small ECG

Circulation Reports Vol.5, November 2023
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Flow of telehealth follow-up
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Figure 3. Flow of telehealth follow-up. The Duranta ECG devices arrives at patients’ homes 3-4 days before the telehealth con-
sultation day. Patients attach the devices themselves, and the long-term ECG monitoring starts. One day before the online con-
sultation, the physician views the long-term ECG recording data to check for arrhythmia recurrence. The online consultation is
performed using the Pocket Doctor application, which allows the doctors to conduct a video chat with the patient and to view the
real-time ECG data transmitted by the Duranta device. After the online appointment, patients return the ECG devices to the hos-
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Table 1. Patient Characteristics
Telehealth follow-up Conventional in-person P value
(n=38) follow-up (n=102)
Age (years) <0.001
Mean+SD 60+14 67+10
Range 17-76 31-82
Male sex (%) 33 (87) 77 (75) 0.171
BMI (kg/m2) 24+3 2413 0.715
LVEF (%) 63+7 61+10 0.349
Arrhythmia type
Atrial fibrillation (%) 26 (68) 72 (71) 0.837
Atrial tachycardia, PSVT (%) 9 (24) 20 (20) 0.642
PVC, ventricular tachycardia (%) 3(8) 10 (10) 1.000

Unless indicated otherwise, data are given as the mean+SD or n (%). BMI, body mass index; LVEF, left ventricular

ejection fraction; PSVT, paroxysmal supraventricular tachycardia; PVC, premature ventricular complex.

devices is convenient?
* What types of burdens can be reduced through the
telehealth follow-up?

Items for Evaluation

The present study evaluated the following: (1) the comple-
tion rate for the telehealth follow-up after catheter abla-
tion; (2) the frequency of hospital visits during follow-up;
(3) the duration of ECG monitoring during follow-up; (4)
the occurrence of adverse events (death, ischemic stroke,
major bleeding, syncope, and unexpected hospitalization);

Circulation Reports

and (5) the survey results for patient satisfaction with the
telehealth follow-up.

The frequency of hospital visits and the ECG monitor-
ing duration were compared between the conventional in-
person follow-up (historical data) and the novel telehealth
follow-up groups.

Statistical Analysis

The distribution of continuous variables was examined using
the Shapiro-Wilk test for normality. For continuous vari-
ables with a normal distribution, data are presented as the
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Online consultation with real-time ECG monitoring

Real-time
ECG

Figure 4. Online consultation with real-time electrocardiogram (ECG) monitoring. During the online consultation, the doctor con-
ducts a video chat with each patient using a telehealth application. Real-time ECG data are displayed on an iPad.
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mean*SD, whereas those without a normal distribution
are presented as the median with interquartile range (IQR).

The 2 groups were compared using the Mann-Whitney
U test. Two-sided P<0.05 was considered statistically sig-
nificant, and all statistical analyses were conducted using
R version 2.13.0 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

Patient Characteristics and Follow-up Completion Rate

In all, 38 patients were enrolled and followed up with tele-
health after catheter ablation. Table 1 presents character-
istics of patients in the telehealth follow-up (n=38) and
conventional in-person follow-up (n=102) groups. Mean
patient age was significantly lower in the telehealth follow-
up group than in the conventional in-person follow-up
group (60£14 vs. 67£10 years; P<0.001).

Figure 4 shows an image of an online consultation in
the outpatient clinic. The real-time ECG monitoring
movies of sinus rhythm and atrial tachycardia are shown
in the Supplementary Movies 1 (sinus rhythm) and 2 (atrial
tachycardia).

Table 2 presents follow-up data for the telehealth fol-
low-up group. During the 6 months of follow-up, 32 of 38
patients (84%) completed the novel follow-up that used
telehealth and real-time ECG monitoring. The reasons for
not completing the novel follow-up were symptomatic
recurrence of their arrhythmia in 4 patients, who were then
changed to in-person visits because of the initiation of or
change in their antiarrhythmic drugs or a scheduled car-
dioversion; and a request to change to in-person visits in 2
patients. These 2 patients agreed to participate in the study
at first, but then wanted to change to an in-person visit
before the first online consultation.

ECG Devices and Telehealth Application
ECG monitoring was conducted for a median of 48h (IQR

Table 2. Follow-up Data in the Telehealth Follow-up Group

(n=38)
Follow-up completion rate 32 (84)
Reasons for not completing telehealth
follow-up
Recurrence of arrhythmia 4 (11)
Change requested by patient 2(5)
Postal delivery troubles 0 (0)
Mechanical trouble with ECG devices 0(0)
Network problems with telehealth application 3(8)
Adverse events during follow-up
Death 0 (0)
Ischemic stroke 0(0)
Major bleeding 0 (0)
Syncope 0(0)
Unexpected hospitalization 0 (0)

Data are presented as n (%). ECG, electrocardiogram.

26-57h) before every online consultation. Further, a median
of 7min (IQR 6-9min) real-time ECG monitoring was
conducted during the video chats.

No postal delivery troubles or mechanical troubles were
encountered with the ECG devices. Network problems
with the telehealth application during the online consulta-
tion occurred in 3 of 38 (8%) patients due to unstable
Internet connections at the patients’ homes. This problem
could be resolved by changing the patient’s location or by
changing to a telephone.

Frequency of Hospital Visits and the Duration of ECG
Monitoring

Figure 5 shows a comparison of the frequency of hospital
visits and the duration of ECG monitoring during the
6-month follow-up between the conventional in-person

Circulation Reports Vol.5, November 2023
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Figure 5.

indicated by the horizontal line; whiskers show the range.

(A) Frequency of hospital visits and (B) duration of electrocardiogram (ECG) monitoring during the 6 months after abla-
tion in the conventional follow-up and telehealth follow-up groups. The boxes show the interquartile range, with the median value

ECG monitoring duration

p < 0.0001
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follow-up and telehealth follow-up groups. There were
significantly fewer hospital visits during the 6 months after
catheter ablation in the telehealth follow-up group (median
1 [IQR 1-1] vs. STIQR 3-5]; P<0.0001). However, the ECG
monitoring duration during the 6 months was significantly
longer in the telehealth than conventional in-person fol-
low-up group (89h [IQR 64-117h] vs. 24h [IQR 0.1-24h];
P<0.0001).

Safety
No major adverse events (death, ischemic stroke, major
bleeding, syncope, or unexpected hospitalization) were
observed during the telehealth follow-up.

The system proposed in the present study has so far
encountered no problems with regard to personal informa-
tion protection and information security.

Patient Survey

In all, 32 patients who completed the telehealth follow-up
answered the patient survey. The questionnaire items and
results are shown in Figure 6. The overall level of satisfac-
tion regarding telehealth with real-time ECG was “Extremely
satisfied” in 75% of patients and “Somewhat satisfied” in
25% of patients. All patients agreed that “ECG monitoring
by mailing ECG devices is convenient”. Most patients
answered that the “time burden” could be reduced using
telehealth follow-up.

Discussion

Nomura? has reviewed the various digital health technolo-
gies currently in use in cardiovascular medicine. The review
indicated that telehealth has gained particular recognition
since the outbreak of the COVID-19 pandemic.2 However,
the number of doctors conducting telehealth remains
considerably lower in Japan than in European and North
American countries.?

Telehealth offers several benefits, such as reduced

expenses, increased flexibility, and an improved ability to
serve individuals who are immobile or reside in remote
regions without access to local healthcare facilities. How-
ever, telehealth has the disadvantage of being unable to
conduct a physical examination, and this has been one of
the factors hindering the widespread adoption of online
healthcare in Japan. In the present study, we have pro-
vided evidence for the benefits of a new approach to tele-
health in patients with arrhythmias while also offering
several insights that could lead to the resolution of some of
the disadvantages of using telehealth.

ECG Monitoring Device and Duration of Monitoring
Previous studies have shown that the duration of ECG
monitoring and the use of monitoring devices greatly
improved the detection of arrhythmia recurrence after
catheter ablation.!#¢ Generally, a 24-h Holter ECG exam-
ination is most often used to identify arrhythmia recur-
rence after catheter ablation. However, this procedure
requires that patients visit the hospital several times to
undergo the examination. The detection rate of arrhythmia
was significantly lower with the 24-h Holter ECG than with
7-day ECG monitoring in patients after catheter ablation.®

Remote ECG monitoring systems using cardiac implant-
able electronic devices (CIEDs) are also in common use in
clinical practice, because these devices can provide early
detection of arrhythmias and device-related complications.1?
However, the implantation is an invasive and costly proce-
dure, and remote ECG monitoring using CIEDs is only
possible in a limited number of patients with heart disease.
An insertable cardiac monitor (ICM) has been reported to
reveal a higher incidence of atrial fibrillation (AF) com-
pared with other ECG monitoring devices."! In Japan,
however, medical insurance does not cover ICMs intended
to confirm the recurrence of AF after catheter ablation
therapy.

In the present study, postal delivery of ECG devices and
self-recording of continuous ECG recordings enabled an

Circulation Reports Vol.5, November 2023
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What is the overall level of satisfaction
regarding telehealth with real-time ECG?

Do you think ECG monitoring by mailing
small ECG devices is convenient?

n=32
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n =232

Time burden Financial burden Physical burden
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[ Agree

[ Disagree

[ Strongly disagree

Figure 6. Results of the patient survey of telehealth follow-up. ECG, electrocardiogram.

approximately 4-fold longer duration of ECG monitoring
compared with the conventional in-person outpatient care
with the 24-h Holter ECG. Recently, Senoo et al5 showed
the usefulness of daily home ECG measurements for device
pairing ECG and blood pressure monitoring in patients
who underwent catheter ablation. They reported that the
use of an at-home ECG self-recording device provided bet-
ter and faster detection of arrhythmia recurrence.’ Their
approach to detecting arrhythmias differed from the
approach we used in the present study; however, their
results indicated that at-home ECG self-recording could
work to detect arrhythmia recurrence.

Arrhythmia Type

In this study, we performed telehealth follow-up with real-
time ECG monitoring in patients with various type of
arrhythmias. It was difficult to determine the usefulness
and efficacy for each type using this approach given our
limited sample size. From our perspective, this approach
would be well-suited for outpatient follow-up after AF
ablation because postablation recurrence of AF is not
uncommon. Moreover, the presence of recurrence detected
through long ECG monitoring could impact decisions on
discontinuing anticoagulation therapy and contribute to
the prevention of stroke and/or heart failure.

Circulation Reports Vol.5, November 2023
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Safety of Telehealth Follow-up

Telehealth follow-up was not a complete substitute for
in-person visits. Late complications after catheter ablation,
such as vascular troubles (arteriovenous fistula, pseudo
aneurysm), periesophageal vagal nerve injury, and atrio-
esophageal fistula, were reported following catheter
ablations.!! Therefore, in the present study, all patients
underwent in-person visits 1 month after catheter ablation
to check for these potential complications. Telehealth
follow-up was then conducted at 3 and 6 months after
ablation. Upon discovery of arrhythmia recurrence during
a telehealth follow-up, the doctors determined whether the
patient should change to in-person visits depending on
their symptoms and the arrhythmia type. Consequently,
no major adverse events occurred during the telehealth
follow-up.

Protection of personal information is another matter of
great significance in today’s digital age. In the present
study, several measures were taken to ensure the security
of patient information: (1) the Duranta ECG devices do
not require input of patients’ personal information, thereby
negating the possibility of any personal data breaches
occurring during the delivery process; (2) the medical staff
gain access to the Duranta cloud server using their per-
sonal ID and password, and access to any patient’s ECG
data is restricted to authorized personnel only; (3) before
an online consultation, both the patient and physician
must confirm each other’s identities; and (4) the Pocket
Doctor telehealth application is already in use in many
medical institutions. Information security and privacy
protection have been verified by the manufacuture of the
telehealth application. No personal data leaks occurred in
the present study.

Patient Satisfaction

At the beginning of the COVID-19 pandemic in 2020 in
Japan, patients tended to avoid visiting hospitals/clinics
due to fear of infection. Patient demand for telehealth
therefore grew at that time. Since then, patients’ tendency
to refrain from visiting hospitals has declined. The survey
of patient satisfaction regarding the use of telehealth in the
present study was conducted from 2022 to early 2023, and
the survey results indicate that patients were highly satisfied
with the telehealth follow-up, regardless of the COVID-19
pandemic. Most patients answered that their “time bur-
den” could be reduced by telehealth.

The number of catheter ablations is increasing in Japan,3
and many patients undergoing ablation therapy are in their
active working phase or are students. Therefore, frequent
hospital visits after catheter ablation represent a significant
time burden for patients and their families. Thus, online
healthcare consultations, with their ability to reduce this
burden, would increase patient satisfaction.

Study Limitations

This study has several limitations. First, this study was a
single-center prospective study with a small sample size. In
addition, the comparison between the telehealth follow-up
group and the conventional in-person follow-up group was
not conducted through a prospective randomized design,
potentially introducing selection bias and differences in
patient backgrounds that could have affected the results.
Therefore, validation of the accuracy of our results will
require a multicenter prospective study with a larger sam-
ple size. Second, the study enrolled only those patients who

were capable of using a smartphone and accessing the
Internet. This may have introduced selection bias and could
have impacted the outcomes of the study. Third, telehealth
visits are not a complete substitute for in-person visits.
Therefore, patients with life-threatening arrhythmias or
severe heart failure were not included in this study. Fourth,
this study was not designed to investigate the cost, eco-
nomic benefit, or burden on healthcare providers related
to telehealth follow-up. If this novel style of telehealth
follow-up was to be introduced in a hospital, creating an
appropriate workflow tailored to the specific hospital and
facilitating collaborative tasks among its medical staff
would be desirable. Further studies are needed to investi-
gate the influence of telehealth follow-up on the economic
benefits and burdens to medical institutions.

Conclusions

After catheter ablation, a combination of telehealth fol-
low-up with real-time ECG monitoring provided a longer
ECG monitoring duration and high patient satisfaction
without any adverse events in patients who were in a stable
condition.
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