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Abstract

Background: Digital health care is an important strategy in the war against COVID-19. South Korea introduced living and
treatment support centers (LTSCs) to control regional outbreaks and care for patients with asymptomatic or mild COVID-19.
Seoul National University Hospital (SNUH) introduced information and communications technology (ICT)–based solutions to
manage clinically healthy patients with COVID-19.

Objective: This study aims to investigate satisfaction and usability by patients and health professionals in the optimal use of a
mobile app and wearable device that SNUH introduced to the LTSC for clinically healthy patients with COVID-19.

Methods: Online surveys and focus group interviews were conducted to collect quantitative and qualitative data.

Results: Regarding usability testing of the wearable device, perceived usefulness had the highest mean score of 4.45 (SD 0.57)
points out of 5. Regarding usability of the mobile app, perceived usefulness had the highest mean score of 4.62 (SD 0.48) points
out of 5. Regarding satisfaction items for the mobile app among medical professionals, the “self-reporting” item had the highest
mean score of 4.42 (SD 0.58) points out of 5. In focus group interviews of health care professionals, hospital information system
interfacing was the most important functional requirement for ICT-based COVID-19 telemedicine.

Conclusions: Improvement of patient safety and reduction of the burden on medical staff were the expected positive outcomes.
Stability and reliability of the device, patient education, accountability, and reimbursement issues should be considered as part
of the development of remote patient monitoring. In responding to a novel contagious disease, telemedicine and a wearable device
were shown to be useful during a global crisis.

(JMIR Form Res 2021;5(8):e26227) doi: 10.2196/26227
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Introduction

The outbreak of COVID-19 has caused major concerns
worldwide. On March 11, 2020, the World Health Organization
(WHO) designated COVID-19 as a pandemic and it continues
to rapidly spread in almost every country across the globe [1].
As of November 29, 2020, up to 61 million confirmed cases
and 1.4 million deaths were reported according to the WHO
[2]. In late February 2020, many infections occurred in the
Daegu-Gyeongbuk region located in the southeastern part of
South Korea due to mass spread at religious facilities. Although
every patient should be treated in a negative pressure isolation
room in order to minimize spread, there were insufficient
medical facilities and medical personnel due to the rapid increase
in the number of confirmed patients [3,4].

The Korean government recommended that mild or
asymptomatic patients with a positive COVID-19 test be
admitted to a living and treatment support center (LTSC) and
be managed each center [4]. At the government’s request, Seoul
National University Hospital (SNUH) operated the third LTSC
at the SNUH Human Resource Development Center in
Mungyeong, Gyeongsangbuk Province, 180 km southeast of
Seoul and 100 km northwest of Daegu, from March 5 to April
9, 2020.

SNUH introduced novel strategies applying information and
communications technology (ICT)–based remote patient
management systems to a COVID-19 LTSC according to patient
clinical pathways [5]. These approaches included cloud-based
medical image sharing when a patient was admitted or
transferred, communication through mobile apps and wearable
monitoring devices for remote consultation, electronic health
record templates in hospital information systems (HISs),
dashboards for patient monitoring, and an e-prescription system
to facilitate management of clinically healthy patients with
COVID-19 [5].

Digital health care is an important strategy in the war against
COVID-19, as it can minimize the spread of infection and
contribute to diagnosis [6-9], treatment [10,11], and management
[12,13] after discharge. This study aims to provide insight into
the optimal use of the mobile apps and wearable devices that
SNUH introduced to the LTSC through surveys and focus group
interviews.

Methods

Overview
In this study, online surveys and focus group interviews were
conducted to collect quantitative and qualitative data exploring
experiences of the ICT-based clinical system for the LTSC
operated by SNUH. The study was approved by the institutional
review board of SNUH (2004-026-1115).

Participants

Patients
For quantitative data collection, an online survey was conducted.
All respondents were adult males and females who agreed to
participate in the survey. From the time the LTSC opened on

March 5, 2020, until it closed on April 9, 2020, a total of 118
patients had been admitted [5]. Since clinically healthy patients
with COVID-19 were admitted to the LTSC, there was no
definite indication for use of a wearable device according to
severity of symptoms. We allocated a wearable vital-sign data
recorder (VDR)—the VDR-1000 (TriBell Labs)—to each of
the first 10 rooms, which could accommodate 12 patients each.
During the 36 days of LTSC operation, 24 patients admitted to
the 10 rooms used the VDR-1000. The survey period was from
April 20 to 24, 2020. Mobile text messages were sent to all
patients asking them to visit a given web link to access the
mobile app survey; 24 patients used the wearable device for the
continuous monitoring survey with additional instructions.
Finally, 12 respondents completed the mobile app usability
survey, and 11 completed surveys on continuous remote
monitoring. We explained the study details and obtained
informed consent from patients who agreed to participate in the
study; participants received ₩10,000 (US $8.60) as
compensation.

Medical Staff
All respondents were medical staff (ie, physicians and nurses)
who had worked at the LTSC of SNUH. The survey period was
from April 20 to April 24, 2020. An SMS message was sent to
participants asking them to visit a given web link with additional
instructions, and those who agreed to participate were invited
to complete the survey. A total of 24 respondents answered the
questionnaire. Participants in the study received ₩10,000 (US
$8.60) as compensation.

Quantitative Data Collection
Two separate online surveys were designed for patients: one
regarding the mobile app used for self-reporting,
communication, and notifications, and another regarding the
wearable device used for remote monitoring. For both surveys,
questions about perceived usefulness, perceived ease of use,
and satisfaction were included. Perceived usefulness is a
subjective belief that the productivity and efficiency of work
will be increased by introducing a new technology or system.
Perceived ease of use is the subjective belief that using a new
system will not require much mental and physical effort.
Medical staff were surveyed regarding their satisfaction with
the overall ICT system of the LTSC [14-16].

Respondents rated their level of perceived importance of the
device and mobile app using a 5-point Likert scale with the
following response options and scores: strongly disagree (1),
disagree (2), undecided (3), agree (4), and strongly agree (5)
[17]. The online questionnaire also included open-ended
questions about the advantages and limitations of the ICT
system. The questionnaires were administered using Google
Forms, an online survey administration software. Participants
could access questionnaires through a URL and were able to
complete the survey at any time or place, thereby ensuring
privacy and honesty. Only participants who agreed to the
instructions were invited to complete the survey. Results were
processed using SPSS Statistics, version 22.0 (IBM Corp).
Questionnaire items were analyzed using frequencies,
percentages, means, and standard deviations.
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Focus Group Interviews
Focus group interviews were used for qualitative data collection.
One of the distinct features of this method is group dynamics;
hence, the type and range of data generated through the social
interactions of the group are often deeper and richer than those
obtained from one-on-one interviews [18]. The optimum size
of focus groups is 6 to 8 participants, excluding researchers,
but focus groups can be successful with as few as 3 and as many
as 14 participants [19].

Three members of the research team (YSB, MP, and JSL)
facilitated the focus groups. The facilitators all have a
background in medical informatics and were experienced in
conducting focus groups.

In this study, the participants of the focus group interviews were
health care professionals (ie, physicians and nurses) who had
experience using ICT-based patient management systems in the
LTSC of SNUH. The participants were divided into two
groups—physicians (n=5) and nurses (n=5)—and attended two
sets of interviews in April 2020.

All participating health care professionals provided consent to
participate, and they were presented with structured open-ended
questions regarding their needs and possible issues when
instituting the ICT-based patient management system in the
COVID-19 LTSC of SNUH. Each focus group interview was
60 to 90 minutes in length and ended once the conversation no
longer yielded new ideas or opinions (ie, saturation of themes).
Each focus group interview was recorded in its entirety, with
the researchers writing additional memos when necessary. In
order to eliminate bias and improve the reliability and validity
of the results, two researchers who participated in a course on
qualitative research conducted the interviews. All data coders
and analysts were trained in qualitative research. All interviews
were recorded with the consent of the participants, and the
recordings were transcribed as soon as the interviews were
completed. In cases where the transcribed data were not
comprehensible or interpretable, another follow-up interview
was conducted to enhance the reliability of the data and analysis.

The main open-ended questions were as follows:

1. What do you think should be included in ICT-based patient
management systems in LTSCs?

2. What are the limitations in introducing ICT-based patient
management systems in LTSCs?

3. What is the expected effect of applying ICT-based patient
management systems in LTSCs?

4. What is the most important thing (function, role) of
ICT-based patient management systems in LTSCs?

5. What are the anticipated administrative issues when using
ICT-based patient management systems in LTSCs?

6. What are the expected clinical problems when using
ICT-based patient management systems in LTSCs?

7. Do you think ICT-based patient management systems in
LTSCs will improve the efficiency of the COVID-19
treatment process? Specifically, what do you think will
help?

8. Do you think the experience of introducing ICT-based
patient management systems in LTSCs to future long-term

care or home care will be helpful? Specifically, what do
you think will help?

Qualitative content analysis was as follows. First, we tried to
form an overall opinion by reading the interview contents
repeatedly. Second, we carefully read each paragraph and
formulated the meaning of each statement. Third, we labeled
the codes and categorized them according to the subjects’
experience. Lastly, codes were categorized according to their
relationship and connectivity, and the arranged codes were
organized according to their hierarchy of importance.

Results

Overall ICT-Based System Introduced in the LTSC

Mobile App
An Android-based mobile app was developed for the LTSC
patients to enable efficient patient management and
communication between patients and medical staff. The app
consisted of six features: a general guide for patients admitted
to the LTSC, a notice board, a symptom questionnaire, vital
sign reporting, questions and answers, and push notifications
(Multimedia Appendix 1). Patients were instructed to do
self-checkups twice a day. Patients received push notifications
when they needed to fill out a self-report questionnaire on
symptoms and vital signs, when they needed to answer
questions, or when medical staff posted new notices on the
bulletin board. When the patient filled out a structured
questionnaire on the presence or absence of symptoms through
the app and input vital signs, the corresponding data were
immediately linked to the HIS. Medical staff could also upload
general guidance and notices regarding the LTSC or COVID-19.

Wearable Device
Patients were asked to use a wearable device to measure vital
signs and allow medical staff to monitor them remotely. The
VDR-1000 was used for this purpose; this a wearable, medical,
multi-signal measurement device that can concurrently measure
a patient’s electrocardiogram (ECG), pulse rate, blood pressure
(BP), blood oxygen saturation (SpO2), respiratory waveform,
and respiratory rate. The measured data were transmitted to a
central monitoring system (CMS) using Wi-Fi and then
forwarded to the SNUH HIS. Medical staff in Mungyeong and
Seoul used CMS monitors and the HIS to monitor patient vital
signs. CMS software can set alarms with different thresholds
for each patient. If a value outside the threshold range was
measured, an alarm sounded, allowing medical personnel to
respond quickly [5].

Patient Survey

Experiences Using the Wearable, Continuous Vital-Sign
Monitoring Device
In total, 12 patients completed the questionnaire regarding the
wearable device. Of these, 11 (92%) patients provided general
information. The mean age was 25 (SD 6.25) years. Of the 11
patients, 6 (55%) were male and 5 (45%) were female (Table
S1 in Multimedia Appendix 2). For usability testing of the
wearable device, perceived usefulness had the highest score at
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4.45 (SD 0.57) points out of 5, followed by perceived ease of
use at 4.30 (SD 0.59) points and satisfaction at 3.98 (SD 0.70)
points. Of all wearable device measures, SpO2 had the highest
satisfaction at 4.03 (SD 0.76) points, followed by ECG at 3.94
(SD 0.92) points and BP at 3.76 (SD 0.96) points (Table 1).
Items from the perceived usefulness, ease of use, and satisfaction
surveys are shown in Tables 2, 3, and 4, respectively. Of the
perceived usefulness items, “data measured through wearable
devices can improve the quality of care” and “wearable devices
will be useful for medical staff” had the highest scores (mean

4.55, SD 0.52). Of the perceived ease of use items, “it was easy
to use the wearable device by looking at the manual” and “the
wearable device’s weight is appropriate for use” had the highest
scores (mean 4.64, SD 0.50). In contrast, the item “it is
convenient to move while wearing the device” had the lowest
score (mean 3.55, SD 1.44). Of the satisfaction items, “no
discomfort when going to the bathroom” and “no discomfort
when moving” had the lowest scores (mean 3.00, SD 1.67, and
mean 3.27, SD 1.56, respectively) for the device items as well
as for the partial wearable devices.

Table 1. Usability testing as measured by perceived usefulness, perceived ease of use, and satisfaction (n=11).

Scorea, mean (SD)Survey category

4.45 (0.57)Perceived usefulness

4.30 (0.59)Perceived ease of use

Satisfaction

3.98 (0.70)Wearable device

4.03 (0.76)Blood pressure measure

3.94 (0.92)Electrocardiogram measure

3.76 (0.96)Blood oxygen saturation measure

aSurvey items were rated on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).

Table 2. Perceived usefulness of the wearable, continuous vital-sign monitoring device (n=11).

Scorea, mean (SD)Survey item

4.36 (0.67)The wearable device can quickly and easily measure the biomarkers required for medical staff decision making.

4.55 (0.52)Data measured through the wearable device can improve the quality of care.

4.45 (0.69)The biomarkers measured with the wearable device can improve the efficiency of treatment.

4.36 (0.67)The wearable device can improve telemedicine care.

4.55 (0.52)The wearable device will be useful for medical staff.

aSurvey items were rated on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).

Table 3. Perceived ease of use of the wearable, continuous vital-sign monitoring device (n=11).

Scorea, mean (SD)Survey item

4.64 (0.50)It is easy to use the wearable device by referring to the manual.

4.18 (1.25)The wearable device is designed to be easy to use.

4.55 (0.52)The wearable device size is appropriate for use.

4.64 (0.50)The wearable device weight is appropriate for use.

3.55 (1.44)It is convenient to move while wearing the device.

4.27 (0.79)The wearable device is convenient to store and manage.

aSurvey items were rated on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).
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Table 4. Satisfaction with the wearable, continuous vital-sign monitoring device and its measures (n=11).

Score, mean (SD)Survey item

SpO2
b measureECGa measure

Blood pressure
measure

All measures of
the device

Individual itemc

4.27 (0.65)4.18 (0.60)4.36 (0.81)4.18 (0.60)The shape of the wearable device is adequate

4.27 (0.79)4.27 (0.65)4.36 (0.81)4.36 (0.50)The size of the wearable device is adequate

4.18 (0.75)4.27 (0.65)4.36 (0.67)4.36 (0.50)The weight of the wearable device is adequate

4.27 (0.79)4.18 (0.60)4.36 (0.67)4.36 (0.50)The location of the part implementing the function is appropriate

4.45 (0.69)4 (1.10)4.45 (0.69)4.36 (0.67)It is convenient to operate

4.45 (0.69)4.27 (0.65)4.27 (0.79)4.18 (0.60)It works stably

3.55 (1.51)3.55 (1.51)3.18 (1.66)4.00 (1.18)No discomfort when eating food

3.27 (1.42)3.55 (1.51)2.27 (1.85)3.00 (1.67)No discomfort when going to the bathroom

3.45 (1.51)3.55 (1.51)2.45 (1.81)3.27 (1.56)No discomfort when moving

3.55 (1.21)3.64 (1.50)3.36 (1.69)3.73 (1.19)No discomfort when sleeping

N/A4.18 (0.75)N/AN/AdNo difficulty in connecting the device without assistance

N/A3.64 (1.50)N/AN/AWhen attaching or moving the sensor sticker, there was no strain
on the skin

4.45 (0.69)N/AN/AN/ANo difficulty connecting the SpO2 device cup to the finger without
assistance

4.18 (0.75)3.91 (1.22)3.91 (1.22)3.91 (1.14)Willing to use a home-based wearable device with similar perfor-
mance in the future

All itemse

85.27 (11.39)76.00 (21.58)85.45 (13.68)76.36 (22.92)Expected score for the wearable device before using it

91.36 (7.78)85.00 (20.12)90.55 (10.55)89.36 (9.67)Evaluation score for the wearable device after actually using it

aECG: electrocardiogram.
bSpO2: blood oxygen saturation.
cSurvey items were rated on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).
dN/A: not applicable; this survey item did not pertain to either the device itself or to the indicated measure.
eParticipants responded using a scale where the maximum score was 100 points.

Experience Using the Mobile App
In total, 12 patients completed the questionnaire regarding the
mobile app. The mean age was 27.75 (SD 10.24) years, and 5
out of 12 (42%) patients were female.

In terms of usability of the mobile app, perceived usefulness
had the highest mean score of 4.62 (SD 0.48) points out of 5,
followed by satisfaction with a mean score of 4.08 (SD 1.41)
points and perceived ease of use with a mean of 3.81 (SD 0.41)
points (Table 5). All of the perceived usefulness items for the
app had a higher score than the wearable device itself, with the
item “the self-reporting mobile app will be useful for medical
staff” scoring the highest (mean 4.75, SD 0.62) (Table 6). Of
the perceived ease of use items, “checking cumulative BP, pulse,
or body temperature history information,” “checking push

messages from medical staff,” “checking for responses from
medical staff,” and “searching my notification history” had the
highest scores (combined mean 3.92, SD 0.50). Of the
satisfaction items, “installing the mobile app,” “log-in,” and
“entering measurement results such as BP, pulse, or body
temperature” showed the highest scores (mean 4.50, SD 1.17).
The item “entering measurement results such as BP, pulse, or
body temperature” scored relatively highly, not only in terms
of ease of use but also in satisfaction. However, for perceived
ease of use items, “installing the mobile app,” “searching for
notice information,” and “inquiring and submitting questionnaire
data” received the lowest scores (mean 3.67, SD 0.65; mean
3.67, SD 0.49; and mean 3.67, SD 0.49, respectively). The item
“searching my notification history” received the lowest score
(mean 3.58, SD 2.02) in satisfaction (Table 7).
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Table 5. Perceived usefulness, perceived ease of use, and satisfaction with the mobile app (n=12).

Scorea, mean (SD)Category

4.62 (0.48)Perceived usefulness

4.08 (1.41)Satisfaction

3.81 (0.41)Perceived ease of use

aSurvey items were rated on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).

Table 6. Perceived usefulness of the mobile app (n=12).

Scorea, mean (SD)Survey item

4.50 (0.67)The self-reporting mobile app can quickly and easily measure the biomarkers required for medical staff decision making.

4.50 (0.67)Data measured through the self-reporting mobile app can improve the quality of care.

4.67 (0.65)The biomarkers measured through the self-reporting mobile app can improve the efficiency of treatment.

4.67 (0.49)The self-reporting mobile app can improve telemedicine care.

4.75 (0.62)The self-reporting mobile app will be useful for medical staff.

aSurvey items were rated on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).

Table 7. Perceived ease of use of, and satisfaction with, the mobile app (n=12).

Satisfaction scorea, mean
(SD)

Ease of use scorea, mean
(SD)

Survey item

4.50 (1.17)3.67 (0.65)Installing the mobile app

4.50 (1.17)3.75 (0.45)Log-in

3.67 (2.06)3.83 (0.58)Getting information about care center guidelines

3.92 (1.73)3.67 (0.49)Searching for notice information

4.42 (1.16)3.67 (0.49)Inquiring and submitting questionnaire data

4.50 (1.17)3.83 (0.39)Entering measurements such as BPb, pulse, or body temperature

4.17 (1.75)3.92 (0.51)Checking cumulative BP, pulse, or body temperature history information

3.75 (2.09)3.92 (0.67)Checking push messages from medical staff

3.75 (2.09)3.92 (0.67)Checking for responses from medical staff

3.58 (2.02)3.92 (0.67)Searching my notification history

aSurvey items were rated on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).
bBP: blood pressure.

Survey of Medical Staff

Overview
The medical staff who replied to the questionnaire had average
of 13.08 (SD 5.33) years of work experience, and their average
age was 37.38 (SD 6.27) years. Among them, 83% (20/24) were
nurses and approximately 96% (23/24) were female (Table S2
in Multimedia Appendix 2).

Medical Staff Satisfaction With the Mobile App and Web
Monitoring System
Among satisfaction items for the mobile app, “self-reporting”
had the highest mean score at 4.42 (SD 0.58) points out of 5,
followed by “center guidelines” at a mean of 4.29 (SD 0.62)
points, “vital sign check” at a mean of 4.21 (SD 0.72) points,
“notice information” at a mean of 3.96 (SD 0.62) points,

“medical inquiries” at a mean of 3.88 (SD 0.68) points, and
“push notifications” at a mean of 3.83 (SD 0.64) points (Table
8).

With regard to satisfaction with using the web monitoring
system, only 15 staff out of 24 (63%) had full or partial
experience using the system. Among the features, “notice
information” showed the highest mean score at 4.20 (SD 0.68)
points out of 5, followed by “center guidelines” at a mean of
4.13 (SD 0.72) points, “patient management” at a mean of 4.13
(SD 0.0.64) points, “medical inquires” at a mean of 4.08 (SD
0.67) points, and “message management” at a mean of 3.85 (SD
0.80) points (Table 9).

The total mean perceived usefulness score for the wearable
devices when providing medical care was 82.79 (SD 2.77) points
out of 100. Of the perceived usefulness items, “the wearable
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devices can improve telemedicine care” had the highest score
(mean 4.33, SD 0.70), while “data measured through the
wearable devices can improve the quality of care” and “I’m

willing to use wearable devices for providing medical care” had
the lowest score (mean 4.13, SD 0.68) (Table 10).

Table 8. Medical staff satisfaction with the mobile app (N=24).

Scorea, mean (SD)Survey item

4.42 (0.58)Self-reporting

4.29 (0.62)Center guidelines

4.21 (0.72)Vital sign check

3.96 (0.62)Notice information

3.88 (0.68)Medical inquiries

3.83 (0.64)Push notifications

aSurvey items were rated on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).

Table 9. Medical staff satisfaction with the web monitoring system (n=19).

Scorea, mean (SD)Survey item

4.20 (0.68)Notice information

4.13 (0.72)Center guidelines

4.13 (0.64)Patient management

4.08 (0.67)Medical inquiries

3.85 (0.80)Message management

aSurvey items were rated on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).

Table 10. Perceived usefulness for the wearable continuous vital sign monitoring device among medical staff (n=19).

Score, mean (SD)Survey item

Individual itemsa

4.17 (0.64)The wearable device can quickly and easily measure the biomarkers required for medical staff decision making.

4.13 (0.61)Data measured through the wearable device can improve the quality of care.

4.17 (0.70)The biomarkers measured through the wearable device can improve the efficiency of treatment.

4.38 (0.65)The wearable device can improve telemedicine care.

4.33 (0.70)The wearable device will be useful for medical staff.

4.13 (0.68)I am willing to use the wearable device for providing medical care.

82.79 (12.77)Total perceived usefulness for the wearable device when providing medical careb

aSurvey items were rated on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).
bParticipants responded using a scale where the maximum score was 100 points.

Among the 24 medical staff members who replied to the survey,
23 (96%) answered that the “connection with HIS, such as
clinical observation record” was the most crucial function that
a wearable device can perform. A total of 20 staff members out
of 24 (83%) responded that “accuracy” was important for

wearable devices, followed by “ease of use” (16/24, 67%).
However, only 5 staff members out of 24 (21%) replied that
“variety of measurement data types” was a critical feature. The
open-ended responses regarding the requirements for wearable
device function are listed below (Textbox 1).
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Textbox 1. The most crucial functions that a wearable device must perform according to the medical staff members.

The most crucial functions that a wearable device must perform:

• I think device accuracy is the most important

• It seems to be possible only if the device is accurate and the patient can use it easily

• Device accuracy, HIS (hospital information system) linkage

• Wireless. Patients are too fragmented because of the cable

• Alarm function when it is not attached properly

• HIS linkage is essential for quick response

• Alarm on error

• The accuracy of the device should be high

• HIS linkage for clinical observation recording and verification

• Accuracy, usability, stability, convenience, and privacy

• Accurate measurement and HIS linkage

• Accuracy should be the top priority

• Function for detecting body temperature

• Linkage with all electronic health records that contain patient vital signs

• Function for detecting blood pressure and pulse rate

• Capability of acquiring specific vital signs personalized to each patient

• Vital sign linkage function

• Automatically analyzes the ECG (electrocardiogram) rhythm based on vital signs and alerts medical staff

• HIS linkage and alarm function

• Personal health records

• Function for detecting vital signs

Focus Group Interviews of Health Care Professionals

Overview
Thematic analysis of the focus group interviews with 5
physicians and 4 nurses yielded three themes: (1) major function

requirements, (2) expected outcomes, and (3) potential issues.
The themes are summarized and described in Table 11.

Table 11. Needs of health care professionals and possible issues with information and communications technology–based management systems for
patients with COVID-19.

SubthemesThemes

Hospital information system interface

Features of the wearable device

Major function requirements

• Additional measurement functions
• Alarms

Features of the mobile app

• Presenting a reference range
• Messenger

Improvement of patient safety

Contribution to reducing the burden on medical staff

Expected outcomes

Stability and reliability of the device

Patient education

Accountability

Cost and reimbursement

Potential issues
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Major Function Requirements

HIS Interface

The majority of participants mentioned that the HIS interface
was the most important major function requirement. The system
implemented in the LTSC interfaced with the information
acquired from wearable devices and apps with the HIS in real
time. Most medical professionals emphasized that information
obtained from wearable devices or mobile apps should be
immediately linked to the HIS to alert staff to changes in patient
status while simultaneously reducing staff workload.

It is essential for remote patient monitoring to
properly interface and integrate vital sign data
generated from a wearable device or
patient-generated data collected in the app (eg,
symptom self-reporting and vital sign
self-measurement data).

For remote patient monitoring, when an abnormal
signal is detected by the patient, the clinical
information of the patient in HIS must be inquired at
any time.

HIS linkage can reduce human errors that may occur
during rewriting and reduce the burden on medical
staff.

In addition, this is likely to be important not only for infectious
diseases such as COVID-19 but also for other chronic diseases
and mental health issues.

If the patient self-reports symptoms such as
depression or self-measured blood pressure, blood
sugar, etc, and these data are linked to the HIS in
real time, it will help medical staff identify changes
in the patient's condition promptly.

Since not all the data generated by various devices or apps could
be linked to the HIS, it is necessary to structure systems so that
important surrogate markers for each disease can be linked.
Moreover, it is crucial to distinguish whether the data interfaced
with the HIS are self-reported or measured by medical
professionals.

Features of the Wearable Device

Additional Measurement Functions

Although patients admitted to the LTSC were afebrile and had
no symptoms or only mild rhinorrhea and cough, 2 patients
were later admitted to a nearby hospital due to sudden
progression of dyspnea and pneumonia. Therefore, many
participants suggested that the ability to continuously and
concurrently measure body temperature, oxygen saturation, and
respiratory rate of isolated patients is a critical value of the
wearable device.

In order to treat COVID-19 patients not face-to-face,
it is most important to have a device that can measure
body temperature and oxygen saturation well.

If the patient self-measures the respiratory rate, it is
often a high or low value because the patient has
difficulty with self-measuring the respiratory rate.

It would be nice if there was an auscultation function
that remotely hears lung sounds when the patient puts
the device to the chest. I think that would help us know
what is going on with pneumonia.

Alarm

When an abnormal value is detected, an alert sound can be used
to notify both medical staff and the patient. If the alarm goes
off due to wearing the device incorrectly, the patient can reattach
the device after checking the manual. If an abnormal value is
recorded, medical staff can preemptively respond to the alarm.

By adding an alarm function, the patient can
recognize whether it is a false signal, and medical
staff can check whether it is an error or an actual
abnormality.

Features of the Mobile App

Presenting a Reference Range

Patients measured vital signs by themselves using the symptom
questionnaire and vital sign reporting functions, entered them
into the app, and self-reported symptoms. Patients wondered if
their vital signs were within normal range. In addition, when a
value outside the reference range is measured, medical staff
should be able to recognize it at a glance, such as using color
indicators.

In the case of vital signs, if they deviate from the
reference range, it would be better to display them in
a different color.

Messenger

Some medical staff emphasized integrating a messenger function
into the mobile app. LTSCs were originally public or private
facilities that were modified to accommodate and quarantine
patients with COVID-19. Therefore, continuous education was
required for patients on how to use the facility, how to
self-measure vital signs, rules to be observed during quarantine
in facilities other than medical institutions, how to dispose of
waste, and how to communicate with medical staff when
abnormal symptoms occurred.

Expected Outcomes

Improvement in Patient Safety

Since the data measured by the wearable device are directly
linked to the HIS, it reduces the potential for human errors that
can occur when manually inputting data into the HIS.

Reducing the Burden on Medical Staff

One nurse had to virtually meet about 20 patients at least twice
a day. In each consultation, the patient’s vital signs, respiratory
symptoms potentially related to COVID-19, digestive symptoms
potentially related to COVID-19, and mental health concerns,
such as depression and anxiety, were checked. Therefore, each
virtual consultation took a considerable amount of time, and
the burden on the medical staff was substantial. After the
introduction of the electronic medical examination system and
the patient mobile app, patients could report their symptoms on
their own before starting a scheduled consultation and
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automatically link them to the HIS so that medical staff could
check before starting the virtual consultation.

After the patients could input self-monitoring data
into the app and transmit it directly to HIS, the time
required was reduced from more than 20 minutes per
patient to less than 10 minutes if there were no
particular problems.

Potential Issues

Stability and Reliability of the Device

The stability of the wearable device and the reliability of the
measured values are very important. The VDR-1000 used in
the LTSC could measure ECG, BP, respiratory rate, heart rate,
and SpO2 at the same time. For accurate measurement, patients
had to connect to wired ECG, BP, and SpO2 sensors on the
device by themselves while sitting still for 3 to 5 minutes. It is
a very sensitive device in which the measured value changes
even with small movements.

Because the LTSC had active patients with mild
disease, they found it difficult to sit still for five
minutes and measure vital signs.

Patient Education

Training on management and education of wearable devices or
apps is required, as patient familiarity with information
technology (IT) varies. Patients who were unfamiliar with using
video calls or mobile apps took a considerable amount of time
to get used to non–face-to-face treatment, and the medical staff
in charge had to repeatedly educate the patient.

Accountability

Most medical practitioners agreed that the responsibilities of
telemedicine, including diagnosis and prescription, should be
established. Remote medical treatments provided by LTSCs
were temporarily permitted for COVID-19 outbreaks in certain
areas, but the scope of responsibility of medical personnel who
perform remote medical treatments should be clarified in
preparation for the post–COVID-19 era.

Cost and Reimbursement

It is necessary to set an appropriate price for wearable devices
that the patient will use. Even if a patient has the opportunity
to use a wearable device as part of a non–face-to-face treatment,
if it is too expensive, the actual patient’s needs will not be met.
In addition, if an appropriate fee for telemedicine is not
established, the use of various remote medical solutions and
wearable devices capable of remote monitoring will be limited.

Discussion

Principal Findings
We administered a questionnaire to clinically healthy patients
with COVID-19 and medical staff that included items measuring
perceived usefulness, ease of use, and satisfaction with the
ICT-based system introduced by SNUH in an LTSC. In addition,
focus group interviews were conducted with medical staff to
obtain qualitative insights in order to seek future development
directions.

Since the COVID-19 pandemic, telemedicine has been
spotlighted as a useful way to respond to infectious diseases
[20]. Originally, telemedicine was introduced for medically
underprivileged areas. With the development of technology
over recent decades, various wearable devices, sensors, and
platforms have gradually expanded the application of
telemedicine to noncommunicable diseases [21,22], infectious
diseases, and psychiatric diseases [23]. Clinical consultations
through video calls are associated with high patient satisfaction
[21,24], and there are no differences in clinical outcomes
[22,23,25] compared to face-to-face treatment [26]. However,
this is the first time that telemedicine has been performed during
a global catastrophe like COVID-19, and research evaluating
objective effects is sparse. One study investigated patient
satisfaction with telemedicine during the COVID-19 pandemic
[27]. However, there have been few studies evaluating the
usefulness or satisfaction of both patients and medical
professionals. Strengths of our study include evaluation of
patient satisfaction as well as evaluation of medical staff
satisfaction and conducting of focus group interviews. We found
that patients expected that the use of a wearable device would
improve quality of care and be helpful in medical treatment.
Most respondents reported no major problems with the use of
the wearable device, but they complained of discomfort when
moving while wearing the device. The wearable device we
adopted has multiple lines to accurately measure several vital
signs at the same time, which may cause inconvenience to users
who are relatively healthy, like those admitted to the LTSC.
Therefore, in the future, it is crucial to consider introducing a
simple device, such as a wrist monitor, for convenient remote
measurement of vital signs in clinically healthy patients with
COVID-19. However, the VDR-1000 allowed medical staff to
monitor patients’ vital signs at a glance through the CMS, even
from the Seoul central monitoring center. In addition, it is
possible to selectively search and view past data, or to set an
alarm that would sound when the device measures a value
outside a specific range for each patient, helping with medical
treatment. Above all, the measured data were directly linked to
the vital sign sheet in the SNUH HIS, which facilitated medical
treatment and reduced potential human errors that may occur
during the normal process of recording, transcription, and data
entry. In the mobile app satisfaction survey, “push notification”
had the lowest score among both patients and medical staff.
This notification function is the most recently implemented in
the mobile app and was developed to provide advanced notice
to patients to self-report symptoms and vital signs at the
appointed times twice a day. Unfortunately, at the introduction
of the mobile app, only the initial function of sending a message
or push alarm to all patients in the LTSC was implemented, and
it was not possible to give specific alarms to patients assigned
to each medical staff member. The focus group interview results
showed the need for a messenger function, including SMS and
an alarm function, to deliver and communicate patient-specific
messages. Development of such functions should be integrated
into a future non–face-to-face care platform for management
of patients with COVID-19.

The expected outcomes obtained through focus group interviews
regarding the ICT-based system introduced in the LTSC of
SNUH could contribute to improving patient safety and reducing
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the burden on medical staff. As a potential issue, there was an
opinion that the device used for remote patient monitoring
should be stable and reliable. In addition, because each patient
has a different degree of familiarity with IT, different amounts
of education will be required. In fact, the United States Health
Insurance Portability and Accountability Act (HIPAA) has
allowed the use of commonly used video call systems, such as
FaceTime, Google Hangouts, and Skype, for video consultation
[26]. In addition, a new type of position, such as a technological
liaison or coordinator, may be required to overcome the hurdle
of patient unfamiliarity with telemedicine [28,29].

Telemedicine in Korea
Korea is one of the few countries where telemedicine is
completely banned. The government, the medical community,
civic groups, and politicians have different opinions. In
particular, there is an opinion that Korea should take a different
approach from those in countries where telemedicine is active,
due to the characteristics of Korea’s medical system, which
provides easy medical access with low medical costs. However,
one of the best ways in which various digital technologies, such
as communication, sensors, the cloud, and information security,
can be integrated in the medical field is through the application
of telemedicine. In Korea, even if an implantable defibrillator
with a remote monitoring function is implanted in patients with
arrhythmias, the function is turned off due to policy regulations.
Due to these sanctions, there has been little discussion about
payment structures related to telemedicine, medical information
systems, cost and reimbursement, and security issues. During
the recent COVID-19 pandemic, studies have suggested that
active use of telemedicine technologies for triage, monitoring,
communication, and critical care management [30] may be
useful in Korea. It is necessary to selectively allow telemedicine
in areas where there is a medical need, and to systematically
establish and operate a related technical base. In Korea, at the
end of February 2020, phone consultation was temporarily
allowed to ensure access to medical care in the COVID-19
situation. By October 25, 2020, up to 950,000 cases of
non–face-to-face treatment have been implemented [31]. The
Korean government is actively promoting telemedicine. By
2025, 18 smart hospitals using ICT are planned to be built; by
2021, imaging equipment will be provided to 5000 clinic-level
medical institutions. The government plans to increase the
number of clinics by 500 in 2021, to create a total of 1000
clinics. The budget for this is US $93 million by the end of 2021
[31]. However, considering the complicated medical system of
Korea, telemedicine must be addressed carefully. Since there
are many stakeholders related to telemedicine, a process for
social consensus is necessary. The government should play a

leading role in this process, and consensus through in-depth
medical, technical, financial, regulatory, and industrial expert
discussions considering the complexity and specificity of this
issue will be needed. Current evolving IT could be very useful
for collecting meaningful data on large cohorts as well as
infectious diseases [32]. It can be used not only in relation to
COVID-19 but also throughout the patient chain of care, such
as during prehospital [33], inpatient [34], and postdischarge
stages [35,36]. In addition, selective consideration may be
needed to adopt telemedicine in health care. Infectious diseases
as well as chronic diseases, mental illness, postoperative patient
management, and home care fall into a “gray zone” of existing
medical care where telemedicine is particularly useful. In order
to collect patient-derived data produced by various devices,
sensors, and platforms, a vendor-neutral platform is needed,
and two-way communication between medical staff and patients
is possible only when data are integrated with a standardized
protocol to be linked to the HIS [37,38]. Moreover, it is
necessary to evaluate the evidence-based effectiveness of
telemedicine and compare it to existing face-to-face treatment:
whether patient outcomes of telemedicine are similar or
improved, whether the overall quality of medical care is
improved, and whether it helps to improve medical productivity
and costs. It must be proven to be effective.

Strengths and Limitations
The most powerful strength of this study is evaluation of the
perspectives of both patients and medical staff who had
participated in newly developed COVID-19–specific
non–face-to-face consultation solutions. Our findings will be
helpful when setting up telemedicine for contagious diseases
as well as noncommunicable diseases. One limitation is that
there were insufficient COVID-19–specific investigations. While
applying telemedicine to COVID-19, it is important to
understand equipment, legislative considerations, coding,
logistic concerns, quality of care, cost-effectiveness, and clinical
outcomes. In addition, we used a cross-sectional design with
which we could not evaluate long-term outcomes due to the
short 36-day operation period of the LTSC. In this context,
further studies are needed to evaluate telemedicine specific to
COVID-19 to improve overall clinical care and health
management.

Conclusions
We demonstrated patient and medical professional satisfaction
with, and usability of, an ICT-based system for clinically healthy
patients with COVID-19. Our findings support the usefulness
of telemedicine and wearable devices during a global infectious
crisis.
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ECG: electrocardiogram
HIPAA: Health Insurance Portability and Accountability Act
HIS: hospital information system
ICT: information and communications technology
IT: information technology
LTSC: living and treatment support center
SNUH: Seoul National University Hospital
SpO2: blood oxygen saturation
VDR: vital-sign data recorder
WHO: World Health Organization
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