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Abstract

Background: The 2019 novel COVID-19 has severely burdened the health care system through its rapid transmission. Mobile
health (mHealth) isaviable solution to facilitate remote monitoring and continuity of care for patientswith COVID-19 in ahome
environment. However, the conceptualization and development of mHealth apps are often time and labor-intensive and are laden
with concerns relating to data security and privacy. Implementing mHealth apps is also a challenging feat as language-related
barriers limit adoption, whereas its perceived lack of benefits affects sustained use. The rapid development of an mHealth app
that is cost-effective, secure, and user-friendly will be atimely enabler.

Objective: This project aimed to develop an mHealth app, DrCovid+, to facilitate remote monitoring and continuity of care for
patientswith COV1D-19 by using the rapid devel opment approach. It al so aimed to address the challenges of mHealth app adoption
and sustained use.

Methods: The Rapid Application Development approach was adopted. Stakeholders including decision makers, physicians,
nurses, health care administrators, and research engineers were engaged. The process began with requirements gathering to define
and finalize the project scope, followed by an iterative process of developing aworking prototype, conducting User Acceptance
Tests, and improving the prototype before implementation. Co-designing principles were applied to ensure equal collaborative
efforts and collective agreement among stakeholders.

Results: DrCovid+ was developed on Telegram Messenger and hosted on a cloud server. It features a secure patient enrollment
and data interface, a multilingual communication channel, and both automatic and personalized push messaging. A back-end
dashboard was a so developed to collect patients’ vital signs for remote monitoring and continuity of care. To date, 400 patients
have been enrolled into the system, amounting to 2822 hospital bed—days saved.

Conclusions: Therapid development and implementation of DrCovid+ allowed for timely clinical care management for patients
with COVID-19. It facilitated early patient hospital discharge and continuity of care while addressing issues relating to data
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security and labor-, time-, and cost-effectiveness. The use case for DrCovid+ may be extended to other medical conditions to
advance patient care and empowerment within the community, thereby meeting existing and rising population health challenges.

(IMIR Form Res 2023;7:€38555) doi: 10.2196/38555
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Introduction

The 2019 novel COVID-19 is an infectious disease resulting
from the severe acute respiratory syndrome coronavirus 2 [1].
Declared by the World Health Organization as a pandemic,
COVID-19 has both high transmissibility and casefatality rates
with more than 250 million reported casesand 5.1 million deaths
recorded globally [2]. This has severely burdened the existing
health care system by posing additional health care demands,
requiring the diversion of resources to diagnose, quarantine,
and treat cases; disrupting medical supply chains; and causing
apersonnel crunch [3].

Current evidence suggests that approximately 80% of patients
with COVID-19 experienced mild clinical symptoms suitable
for home recovery [4,5]. However, widespread concern
surrounding the uncertainty of its pathology and symptoms has
resulted in a surge of demand for hospital care [6].
Notwithstanding, at the beginning of the outbreak, hospitals
were being used to isolate patients with COVID-19 who were
unableto effectively isolate themselves at home, further exerting
pressure on global health care resourcesand systems|[5,7]. This
caled for a sustainable solution to alleviate demands for
ingtitutional care for COVID-19 through early inpatient
discharge and home isolation while ensuring continuity of care
for patients.

Mobile Health (mHealth) is gaining traction as a promising way
to advance remote and continuous care during the COVID-19
pandemic [8]. Equipped with various communication features,
such asinstant text messages and voice and video calls, mHealth
allows for telemedicine via real-time individual or group
communication [9]. Patients can continue to receive standard
clinical care while reducing physical crowding in hospital
premises. Likewise, clinicians can provide remote care while
minimizing exposure to COVID-19 [10]. Moreover, the use of
artificial intelligence in mHealth can potentially alleviate
existing clinical loads while ensuring optimal care for patients
[11]. For instance, mobile artificial intelligence apps such as
Babylon Health offers around-the-clock digital tools to help
patients monitor their health, obtain health information instantly,
and schedul e appointments and video callswith clinicians[12].
Chatbots, such as BotMD, allow clinicians to have 24/7 access
to instant information on drugs, hospital protocols, and clinical
tools [13]. Tele-social apps have also been developed to allow
for remote patient monitoring and education for patients with
COVID-19 [11]. For example, in Singapore, Doctor Covid, a
chatbot developed on Telegram Messenger, was developed to
cater to the country’s multiethnic culture through multilingual
capabilities. It can also broadcast critica information and
reminders to patients and provide clinical and psychosocial
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surveillance [14]. This serves to facilitate timely and effective
information dissemination and provide remoteclinical and social
care digitally. Taken together, mHealth apps offer an
unprecedented opportunity for remote monitoring and continuity
of care and the potential to alleviate existing pressure on
hospitals' resources exacerbated by the COVID-19 pandemic
[15].

Attempts to use technology for pandemic response and
continuity of care for patients with COVID-19 have been met
with various challenges. First, the development of innovations
is both costly and labor-intensive. With the high transmission
rate of COVID-19, many heslth care resources were diverted
to impede the further spread of the virus, leaving little to invest
in innovative solutions to support remote care[16]. Second, the
use of innovations is laden with concerns relating to data
security and privacy, thus often requiring a state-of-art secure
platform to preservetheintegrity of the highly protected patient
information and may not be feasible in resource-limited
countries [17-19]. Third, communication-related barriers such
aspoor language and digital literacy and the potential breakdown
of patient-provider communication may impede the uptake of
innovations [16,20,21]. Collectively, although it is essential to
develop an mHealth app for remote and continuity of care for
patients with COVID-19, it is imperative to ensure cost and
time efficiency, security, and intuitiveness with sustained
engagement and use by the patients.

We aimed to rapidly develop atele-social app to facilitate the
remote monitoring and continuity of care for patients with
COVID-19. This paper describes the rapid devel opment process
and the app prototype. We will aso critically reflect on the
development process and the potential expansion of itsuse case
for the wider population.

Methods

Study Design

The conceptualization of the tele-social app began in September
2021 at the Singapore General Hospital (SGH). It stemmed
from the Singapore Ministry of Health's effort to facilitate the
COVID-19 Home Recovery Programme [22], an initiative in
Singapore where eligible patients with COVID-19 who have
mild to no symptoms were to self-isolate and receive remote
carefrom home. The app was designed to complement the health
services in the SGH COVID Virtual Ward (CVW) program,
where medically complex patients with COV1D-19 who would
otherwise isolate in an acute hospital receive remote care and
recover at home. To implement the app effectively and
efficiently, the Rapid Application Development (RAD) process
was adopted (Figure 1). The RAD emphasized an incremental
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and prototyping approach wherein the continual engagement
of stakeholders to obtain user feedback contributes to the
generation of further discussion for enhancement; this process
continues until a satisfactory system is attained [23].
Collectively, the RAD aims to develop cost-effective yet
high-quality innovations in a short duration [23].

The project began with the preparatory phase, where
stakeholders engaged in discussions to scope the project. The
RAD process then took place with a series of reguirements
gathering sessions with the relevant stakeholders to define and
finalize the project requirements, including the project goals
and expectations, timeline, and budget. This information was

Figure 1. Rapid Application Development process.

Prototyping

Tanet a

communicated to research engineers from the Agency for
Science, Technology, and Research (A*STAR) for the initial
prototype devel opment, followed by an iterative process of User
Acceptance Tests and improvement workswith key stakeholders
before the actual development and implementation.

Co-designing principles were applied throughout the RAD
process. Key stakeholders were encouraged to participate
actively to understand their needs, opinions, and experiences
to ensure the app’s usability and relevance [24] and were
respected as equal collaborators, sharing their expertise and
having an agreement on the eventual product [25,26].

> Requirements >> User design > Development >> [m])]mncntation>

Improving Testing

Recruitment

Stakeholder engagement began in  September 2021.
Interdisciplinary and multiprofessional stakeholders—including
decison makers, physicians, nurses, and health care
administrators operating the SGH CVW and SGH
Hospital -at-Home program (ahome-hospital program designed
to encourage early inpatient discharge and home care)}—were
invited to join the project team to leverage their knowledge and
expertise in home care for patients. Local research engineers
from A*STAR, who had prior skills and knowledge in
developing the Daoctor Covid chatbot [14], were also engaged
to assist with the designing and development of this mHealth

app.
Data Collection and Analysis

The RAD process involved constant iterations of discussions
to capture the requirements, needs, and opinions of key
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stakeholders. These sessions were conducted via a web-based
videoconference  platform, = Zoom  (Zoom  Video
Communications), in a work group meeting format. Table 1
documents the overview of the discussions, key questions, and
outcomes held throughout the RAD phases. All key pointswere
recorded on pen and paper and simultaneously analyzed by 2
research engineersfrom A* STAR at the end of each work group
meeting to facilitate the rapid development. Thematic analysis
methodol ogy was adopted wherein similar pointswereidentified
and grouped to form themes that informed the features to be
included inthe mHealth app [27]. Thiswasfollowed by aseries
of discussions within the team on the feasibility (ie, whether
the feature can be built with existing skills, technology, and
time), usability (ie, how user-friendly the features are), and
viability (ie, if the feature can be scaled and operated on other
similar apps) of theideas [28].
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Table 1. Overview of Rapid Application Development (RAD) discussions.
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Phase, session, and format Objectives

Key questions

Outputs

Preparatory phase

Sessions1and 2 (Octo-  «
ber 6 and 11, 2021);
group meetings .

Conceptualizerequire-
ments for the app
Understand the existing
use case and explore
the enhancement of
Doctor Covid to meet
the current needs

Phase 1 (requirements gathering)

Session 3 (October 18,  «
2021); group meetings

Key stakeholders
meeting to deep dive
into specific user re-
quirements

Session 4 (October 19,  «
2021); group meetings

Discuss the patient on-
boarding process

«  Further discussion on
the user requirements

Presentation of mock-
up dashboard by
A*STAR?

«  Further discussion on
the user requirements

Session 5 (October 21,  «
2021); group meetings

Phase 2a (developing a working prototype)

Session 6 (October 22,  «
2021); group meetings

Confirmation of mes-
saging templates, issu-
ing of administrative
accounts, and schedul-

ing of UATP® dates

Phase 2b (UAT)

Session 7 (October 29, «  UAT
2021); group meetings

Phase 2c (improvement works)

What arethe existing pain
points in the workflow
processes?

What are these pain points
that can be addressed by
digital tools?

What are the specific re-
guirements of users?
What are some important
considerationsin the app
(eg, data security and us-
ability)?

How and by who isthe
system being used?
What are the patient’s
health parameters to
track?

What is the patient flow
process?

What are somekey consid-
erationsin remote monitor-
ing?

How are patients' databe-
ing tracked and stored?
What are some other user
requirements?

What is your feedback on
the translated messaging
template?

What are your feedbacks
about the prototype?
How do you think thiscan
be further improved?

A shared understanding of the basi c requirements
for the tele-social app

A shared understanding of the use case of Doctor
Covid

The decision to enhance the use case of Doctor
Covid for the current project

Confirmation of digital platform to beleveraged:
«  Telegram Messenger
«  Back-end user dashboard

Preliminary user requirements:

o Automatic push messaging function to
communicate medically related information

o Platform for patients daily vital signs up-
loads

o  User dashboard for health care providersto
track patients' daily vital signs, vaccination
status, duration of isolation, discharge date,
polymerase chain reaction status, meeting
details, and health care provider in charge

«  Security features(eg, secure enrollment and
messaging and eligibility requirements)

A shared agreement on the patient workflow (see

Figure 1)

Additional user requirements:

«  Automatic push remindersto aert patients
to upload daily vital signs

Additional user’s requirements:

«  Dashboard: enable sorting of patient lists
according to demographic variables and a
color-coding system to highlight abnormal
patients’ vital signs

«  Telegram services: multilingual options

« Logistics: types of educational videosto be
shared with patients

Messaging templates (eg, onboarding instruc-
tions) were confirmed

Administrators were issued atesting account
Confirmation of UAT dates

Feedback for improvements from the UAT:

«  Dashboard: include an overview of the pa-
tient list with the total number of patients
enrolled and include an export function for
patient data

«  Telegram services. messaging reminder
timings to be revised
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Phase, session, and format Objectives Key questions Outputs
Session 8 (November 2, .  Presentation of im- « Usersto provide any «  Confirmation of working prototype
2021); group meetings provement works based feedbacks
on feedback received
from the UAT

Phase 3 (development and implementation)

Session 9 (November 5, »  Golive session NJ/AS « N/A
2021); group meetings

Session 10 (November8, «  User'sfeedback sess «  Isthereany feedbackon «  User'sfeedback:

2021); group meetings sion the app after initial imple- «  Color-coding of patients' vital signs may
« Discussion of new fea- mentation? not accurately reflect the patient’s existing
tures e What are some new fea- health status
turesthat are good to have

« New features:

«  Dashboard: include aread-only function to
prevent unnecessary edits made to the
dashboard, color-coding system for non-
mandatory patient vital signs, and a pass-
word option in the user log-in platform

«  Telegram services: include pop-up messages

for the next phase?

Session11(November8, .  Upgraded go-livever- « N/A « N/A
2021); group meetings sion to be released

8A*STAR: Agency for Science, Technology and Research.
BUAT: User Acceptance Test.
°N/A: not applicable.

and confidentiality of patient datawere ensured, with these data

Ethical Considerations collected only for routine patient care purposes.

No ethics review was required for the project as no patients

were involved in the design and development of the app. Only  Results
health care personnel (ie, physicians, nurses, and health care
administrators) and software engineerswereinvolved throughout  Overview

the process. M oreover, the DrCovid+ app was incorporated as Through asystematic and iterative RAD approach, DrCovid+,
part of an established home care program (ie, SGH CVW) 10 4 expangion of the Doctor Covid use case [14], was devel oped.
provide complementary remote careto patientswith COVID-19  peision makers, physicians, nurses, health care administrators,
and is not part of & human subject research study. The privacy 4 research engineerswereinvolved in the RAD process. Table

2 shows the demographics of the stakeholders involved.
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Table 2. Participant information.
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Phase, session, and format Samplesize, n Profession Institution
Preparatory phase
Sessions 1 and 2; group meetings (viaZoom) 18 Decision makers (n=3) A*STAR?, OSTb,
Physicians (n=5) d
Nurses (n=5) SHPCe and SGH
Health care administrators (n=3) HaH" team
Research engineers (n=2)
Phase 1 (requirements gathering)
Session 3; group meetings (via Zoom) 5 Nurse (n=1) A*STAR, OST, and
Hedlth care administrators (n=2) SGH HaH team
Research engineers (n=2)
Session 4; group meetings (via Zoom) 11 Physician (n=1) A*STAR, OST, and
Nurses (n=5) SGH HaH team
Health care administrators (n=3)
Research engineers (n=2)
Session 5; group meetings (via Zoom) 9 Nurses (n=5) A*STAR, OST, and
Health care administrators (n=2) SGH HaH team
Research engineers (n=2)
Phase 2a (developing a working prototype)
Session 6; group meetings (via Zoom) 10 Physicians (n=2) A*STAR, OST, and
Nurses (n=2) SGH HaH team
Health care administrators (n=4)
Research engineers (n=2)
Phase 2b (UAT")
Session 7; group meetings (via Zoom) 14 Physicians (n=2) A*STAR, OST, and
Nurses (n=5) SGH HaH team
Health care administrators (n=4)
Research engineers (n=3)
Phase 2c (improvement works)
Session 8; group meetings (via Zoom) 14 Physician (n=1) A*STAR, OST, and
Nurses (n=5) SGH HaH team
Health care administrators (n=4)
Research engineers (n=4)
Phase 3 (development and implementation)
Session 9; group meetings (via Zoom) 17 Physicians (n=5) A*STAR, OST, and
Nurses (n=6) SGH HaH team
Health care administrators (n=4)
Research engineers (n=2)
Session 10; group meetings (via Zoom) 13 Physicians (n=2) A*STAR, OST, and
Nurses (n=5) SGH HaH team
Health care administrators (n=4)
Research engineers (n=2)
Session 11; group meetings (via Zoom) 14 Physicians (n=3) A*STAR, OST, and

Nurses (n=5)

Health care administrators (n=4)

Research engineers (n=2)

SGH HaH team

8A*STAR: Agency for Science, Technology and Research.

bOST: Office for Service Transformation.
CSHP: SingHealth Polyclinic.
dSGH: Si ngapore General Hospital.
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®HaH: Hospital-at-Home.
fUAT: User Acceptance Test.

to be developed and implemented efficiently and effectively.
To achieve this, collaborative decisions were made to develop
DrCovid+ through an expansion of the Doctor Covid use case
and to incorporate DrCovid+ into the established work processes
of the SGH CVW (Figure 2).

Phase 1 of the RAD Praocess. Requirements Gathering

The project scope, key requirements and challenges were
gathered in phase 1.

Given the widespread transmission and the need for close
medical attention for patients with COVID-19, DrCovid+ had

Figure 2. Overview of the Singapore General Hospital COVID Virtual Ward (SGH CVW) workflow.

Patientstoengage in
web-based conference
with health care
providerswithin6 hours
from hospital discharge

~
Attending clinicianto assessand
identifyeligible in-patientsfor 3GH

ovw \7 Patientisinelighle ———————

I f

Patientiseligible

Patient's receivead hoc
health-related push

Usual inpatient care unti
eligible for hospital
discharge

messages from care
providers

downloading of
Telegram services
application and
registrationfor
DrCovid+

DrCovid+

Three priorities were highlighted in phase 1. First, DrCovid+
would have to be translated into a functional and acceptable
prototype, suitable for older adults who were expected to form
the majority of the patients in SGH CVW. Second, DrCovid+
should serve as a remote monitoring app where patients would
perform self-reporting of daily vital signs through a web link.
Adherence to self-reporting was hence essential and had to be
achieved without increasing the existing workload of health
careproviders. Third, health care providers should be informed
at aglance of patients' |atest health status and be ableto provide
timely follow-up actions where necessary. This resulted in a
prototype featuring a multilingual secure communication
platform for the remote monitoring and timely dissemination
of clinical and social interventionsfor patientswith COVID-19.

Phase 2 of the RAD process: User Design

Overview

DrCovid+ consists of 2 broad components. an interactive
channel where information exchange can occur between the
patient and the health care provider via a tele-social app,
Telegram Messenger; and a back-end dashboard where health
care providers track patients health data and send push
messages. The app features a secure enrollment platform,
automatic push messaging of health reminders and scheduling
of web-based conferences, personalized push messaging, and
a back-end patient monitoring system.

https://formative.jmir.org/2023/1/e38555
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Telegram Messenger was chosen because of itswidespread and
ease of use by patients, coupled with its privacy and encryption
capabilities and its open-source application programming
interface [29]. In addition, Telegram Messenger allows for the
flexible customization of bots that facilitates the ease of
modification and communication between usersand from users
to computers. Notwithstanding, Telegram IDs that are unique
to users also facilitate the identification of patients without the
need to collect patient’s mobile numbers, thereby reducing the
risk of information leakage. Moreover, data collected through
Telegram Messenger are not integrated with the hospital’s
electronic medical recordsto minimizetherisk of datalinkages.

The app and back-end servers are hosted on a commercially
available cloud server, Amazon Web Services. As the cloud
server is readily available, it can be deployed efficiently, and
the content and storage can be scaled easily to meet the actual
demands without the need to invest in physical infrastructure,
which can be costly and time intensive. In addition, security
measures areimproved with the data security services provided
by the commercial cloud vendor (eg, Web application firewire).
Notwithstanding, data can be backed up and recovered
effectively and efficiently on a cloud storage compared to
on-premises storage [29].

Enrollment

To overcome data security issues, eligible patients enrolled in
the project are required to register for DrCovid+ via FormSG,
a Singapore government—ed web-based data collection form
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for public officers’ use to preserve the integrity of all patient
data [30]. Patients are only required to register for enrollment
with thelast 4 characters of their National Registration |dentity
Card number and their last name (Figure 3) for data security
purposes. Upon registration, nurses are required to verify and
confirm the patient’s enrollment viaa corresponding dashboard

Tanet a

Patients who successfully registered for DrCovid+ will receive
awelcome message through the Tel egram app with an automatic
prompt to select their preferred communication language. This
catersto the multiethnic population as health care providers can
tailor messages in a language best understood by the patients
(Figure5).

(Figure 4).

Figure 3. Registration for DrCovid+ via FormSG. FIN: Foreign Identification Number; NRIC: National Registration Identity Card; SGH: Singapore
General Hospital.

SGH Virtual Covid Ward

Registration Form

Instructions

Kindly fill up your details below for SGH Virtual
Covid Ward registration.

You will receive daily notifications upon
successful registration.

1. NRIC / FIN [ Passport

se enter the last 4 digits/characters e.g. 123A

123A

2. Surname as in NRIC [ Passport
th Johr JOHN; Muhammad Bin

ock Seng - TAN, Devi d/o

Examples: Paul S

)

Ahmad - 2

Marimuthu - MA

Figure 4. Dashboard for verification and confirmation of enrollment. NRIC: National Registration Identity Card.

SingHealth

Verify Registered Patients

Verify Registered Patients Patient NRIC Patient Surname Language - Verification Status -
o Register Date (from agiatar Date ()
Vital Signs
Patient List Registration Date Patient Surname Last 4 digit NRIC Language Discharge Status Status
Sun, 31/10/2021 Wang 321A English Confirmed [] Removed
Tue, 09/11/2021 ARBAIN 4562 Malay Confirmed [] Removed
Fri, 29/10/2021 Qiu 123A English Confirmed [] Removed
Mon, 13/12/2021 Thamilselvan 670c Tamil Confirmed [] Removed
nt Administration
Fri, 29/10/2021 Lim 178C English Confirmed [] Removed
Change My Password
[=][>> | Page 1 of 31 Go to page: [1 [Show 5 W]

Logout
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Figure 5. Welcome message on DrCovid+. SGH: Singapore General Hospital.

& Back SGH Virtual Ward

What can this bot do?
Welcome to SGH Virtual Ward

 Today

Please choose language.

WERIEE.

fstart o

Guonfleniug EHih e sGEESD

Sila pilih bahasa.

a o

English

ER]

Bahasa Melayu

Telegram Services App | nterface—Automatic Push
Messaging

DrCovid+ serves as a remote monitoring app by prompting
patients to measure and report their vital signs daily. An
automatic push messaging function on Telegram Messenger is
used to send regular reminders at 8 AM, 12 PM, and 4:30 PM
to remind patients to monitor and submit the following vital

signsthrough aHome Monitoring Form (Figures 6 and 7): body
temperature, heart rate, oxygen level, and blood pressure. The
reminders are automatically triggered 30 minutes before the
submission time. The care team’s contact information is also
included in the reminders, should patients have any queries or
concerns. Collectively, this reduced the need for manual
prompting from health care providerswhile ensuring adherence
to medical instructions.

Figure 6. Reminder push message for vital signs submission. SGH: Singapore General Hospital .

< Back SGH Virtual Ward
Dot

Please chack your vital signs at 12pm

today and submit your readings via the

link below

If you have any enquires or if you are
feeling unwell, please call us at

6576 or 8764

Home Monitoring Form 0

https://formative.jmir.org/2023/1/e38555

XSL-FO

RenderX

JMIR Form Res 2023 | vol. 7 | €38555 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

Tanet d

Figure7. Vital sign updating form on FormSG. NRIC: National Registration Identity Card.

2. Surame as in NRIC / Passport

Examples: Paul Smith John — JOHN; Muhammad Bin Ahmad - AHMAD; Tan Tock Seng - TAN, Devi d/o Marimuthu -

MARIMUTHU

Tan

3. Temperature (°C) - to include picture of thermometer

Example: 36.5

4. Oxygen Saturation (SPO2)

Example: 99

5. SYSTOLIC BLOOD PRESSURE (SYS)
Please enter the SYS number
Range: (Systolic Pressure) [60- 220]

Back-end Dashboard—~Patient Monitoring System

Patients’ daily submissions of vital sign readings are sent to a
back-end cloud dashboard, monitored by health care providers.
The dashboard captures patients' vital signs and is embedded

£

to show error message I patient keys in a value out of the range

with logic to highlight abnormal readings in yellow or red,
whereas normal and nonmandatory readings are highlighted in
green and grey, respectively. This allows for ease of
interpretation and timely follow-up actions by the health care
providers (Figure 8).

Figure8. Clinician dashboard for patient'svital signstracking. BP: blood pressure; HR: heart rate; 1/C: in charge; NRIC: National Registration Identity

Card; SPO2: oxygen saturation.
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Back-end Dashboard—Personalized Push Messaging

As part of the SGH CVW workflow, patients are engaged in 2
to 3 daily web-based consultations with their health care
providers. Thisrequires scheduling of web-based consultations
and sending the meeting detailsto the patients. Moreover, health

https:/formative.jmir.org/2023/1/e38555
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RenderX

care providers may also need to convey tailored messages or
multimedia documents to patients. The back-end dashboard
allows health care providers to send these tailored messagesto
patients at ascheduled time and frequency (Figures 9-12), hence
increasing the efficiency of communication with patients and
decreasing the workload of health care providers.

JMIR Form Res 2023 | vol. 7 | €38555 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Tanet d

Figure9. (Test message) Interface for drafting tailored messages.

PLEASE TYPE MESSAGE TO BE SENT BELOW.

Broadcast to all

Hello, Welcome to COVID Virtual Ward bot.
This is a test message sending at 17:07.

@® SendNow () Send Later ¢C/Mm/yyyy 17:07 (O Daily

SUBMIT

Figure 10. (Test message) Interface for scheduling tailored virtual meetings. NRIC: National Registration Identity Card; SGH: Singapore General

Hospital.
Unicast (zoom link) to:  Patient Surname: Yang  NRIC: XXXXX123E
SGH Virtual Ward care team has arranged for a video consult with you at Thu, 28/11/2022, 5:20:00 pm today.
Kindly click on the zoom link below:
Join Zoom Meeting
https://ihis.zoom.us/j/96925815998?pwd=2ZEdKVIdJK01seUFqaHdXWngreml
@® Scheduled Zoom Meeting 28/11/2022©  17:20 ®
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Figure 11. Example of atailored message on Telegram services. SGH: Singapore General Hospital .

< Back

SGH Virtual Ward

This is an auto generated message,
please do not reply.

¥ If you have any enquiries or if you are
| feeling unwell, please call us.
- Monday to Friday (8am - 5pm):

é 657616  or 876499

- Monday to Friday (after Spm),
" Weekends and Public Holidays:

| (Speedoc) 316330

For any emergency, please call 995.

Hi, Mr Lee,

You are no longer required to submit
your vital signs/health data on FormSG.
You may leave this chat. Thank you and

take care.

Figure 12. Example of a scheduled ZOOM meeting on Telegram services. SGH: Singapore General Hospital.

( Back

Join Zoom Meeting

SGH Virtual Ward

Kindly click on the zoom link below:
SGH Virtual Ward care team has
arranged for a video consult with you at

Thu, 28/11/2022, 5:20:00 pm today.

Kindly click on the zoom link below:

https:/fihis.zoom.us/j/969258159987

pwd=ZEdKVIdJKO1seUFgaHdXWngreml

e

Zoom Video

Join our Cloud HD Video Meeting

| | Zoom is the leader in modern enterprise

video communications, with an easy, reliable
cloud platform for video and audio

| | conferencing, chat, and webinars across

Phase 3 of the RAD process. Development and
I mplementation

DrCovid+ has been developed and incorporated into the SGH
CVW workflow to complement the remote care services (Figure
2) since October 2021 and has enrolled 400 patients with
COVID-19 to date. These are patients who would otherwise be
isolated asinpatients and receive care from the hospital premises
in the absence of DrCovid+. Table 3 illustrates the
demographics of the patients. The DrCovid+ app catersto older
adults who are deemed medically stable to receive remote care
for their existing medical conditions beyond COVID-19. To
date, 94.5% (378/400) of patients enrolled onto the DrCovid+
app has been discharged, with only 5.5% (22/400) of casesbeing
escaated dueto unforeseen medical conditions such asabnormal

https://formative.jmir.org/2023/1/e38555

RenderX

mobile, desktop, and room systems. Zoom
Rooms is the original software-based
conference room solution used around the

vital signs readings or the patient having died due to other
medical conditions. With DrCovid+ providing complementary
care to the SGH CVW workflow, this has resulted in a shorter
total length of stay (LOS), despite an average L OS of 0.64 days
more as compared to patients enrolled in the SGH CVW only.
The LOS for patients in the DrCovid+ has contributed to an
equivalence of 2822 hospital bed—days saved. Additionally, the
remote care capability aso reduced the need for routine home
visits, contributing to productivity and person-days saved.

Ongoing enhancements and feedback sessions were conducted
routinely to ensure the system’s reliability and usability.
Although minor technical issuesincluding downtime and crashes
were recorded, these issues were escalated and rectified
immediately by the research engineering support team.
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Table 3. Patient characteristics (n=400).
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Characteristic Vaue
Mean age in years (SD) 51.45 (15.1)
Gender, n (%)

Male 184 (46)

Female 216 (54)
Case escalation® during enrollment in DrCovid+, n (%)

Yes 22 (5.5)

No 378 (94.5)
Total LOSP (days), n

SGH® cvw9 only 3816

SGH CVW with DrCovid+ 2822
Average L OS (days) , mean (SD)

SGH CVW only 6.45 (3.69)

SGH CVW with DrCovid+ 7.09 (3.53)

8Case escalation refers to patients who require inpatient readmission or have died.

bLos: length of stay.
®SGH: Singapore General Hospital.
devw: CoVID Virtual Ward.

To further cope with the growing care demands of patientswith
COVID-19, DrCovid+ was implemented at Changi General
Hospital (CGH), another acute hospital in Singapore since
March 2022. CGH was selected as the second site for
implementation asit is an academic medical institution located
in Eastern Singapore that serves a community of more than 1
million citizens in Singapore. Moreover, the process and
requirements for early inpatient discharge and home care for
patients with COVID-19 were similar at both CGH and SGH.
The implementation process including development,
vulnerability assessment test, and security assessment at CGH
took only 2 weeks, highlighting the adaptability and flexibility
of the app and its capacity for rapid deployment and
implementation in asimilar setting.

Discussion

Principal Findings

As part of the response plan to the COVID-19 crisis in
Singapore, this paper documents the RAD process of a
tele-social app, DrCovid+. Equipped with essential functions
such as secure tele-social communication and back-end patient
monitoring, the app was codeveloped with key stakeholdersto
allow for timely remote monitoring and continuity of care for
existing patients with COVID-19.

The implementation of DrCovid+ served to address many of
the unprecedented challenges posed by the COVID-19
pandemic. Knowing that COVID-19 spreads predominantly
through droplets, there was a need to support early hospital
discharge and home recovery as the default care management
model for suitable patients to minimize the spread [31] without
compromising the quality of care delivery. DrCovid+ was

https://formative.jmir.org/2023/1/e38555

developed to ensure that patients are adequately cared for
remotely, with a corresponding platform to track, monitor, and
communicate with patients. Moreover, given the need to divert
resources to meet the needs of existing patients and curb the
spread of thevirus, innovative solutions to manage and care for
patients had to be developed efficiently [16]. DrCovid+
leveraged existing program workflows and processes and the
use case of Doctor Covid and its engineering team’s expertise
to assist with its development and implementation. This
expedited the devel opment process, resulting in the completion
of DrCovid+ within ashort duration. DrCovid+ also servesto
reduce the personnel required to care for patients. Compared to
an inpatient setting where approximately 1 consultant, 5 junior
doctors, and 5 nurses are required to care for 20-30 patients, the
same number of health care professionals can now carefor over
100 patients with such remote monitoring system [32]. In
addition, this can also contribute to substantial cost savingsin
the form of bed-days saved, hence improving issues relating to
bed crunch. Notwithstanding, with any patient data storage
platform, security issues must be addressed to safeguard
confidential patient data. Given the need for rapid devel opment
and implementation, an elaborate and sophisticated security
system may be challenging and inefficient to achieve.
Nevertheless, DrCovid+ has various security measures such as
collecting only enrolled patients' last names and the last 4
characters of their National Registration Identity Card number
during registration, restricted accessto the back-end dashboard,
and manual verification for onboarded patientsto minimize any
possible security breaches and leakage of patient data. With a
large majority of patients enrolled for SGH CVW being older
adults, DrCovid+ is aso equipped with multilingual
communication functionsto prevent communication breakdown
and enhance the usability of the app.
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mHealth solutions are gaining traction among health care
professionals, especialy for remote monitoring during the
pandemic to manage theincreasing casel oads, and thisis evident
from the existing literature. For instance, e-CoVig, a system
featuring a mobile app, web/cloud platform, and a device for
acquiring patient’svital signs, was developed, and it allows for
real-time monitoring of patients with COVID-19 without the
need for direct phone callsand has demonstrated high flexibility,
modularity, and accuracy and positive feedbacks from users
[33]. Another program, Get\WellLoop, a remote patient
monitoring solution consisting of patient engagement and
educational materials, has also been implemented to monitor
the symptoms of patients with COVID-19, send daily check-in
guestions and reminders, and serve as a platform for queries
[34]. Similar to the DrCovid+ app, these programs were
designed to be developed rapidly and cost-effectively, serving
the needs of the population and the urgent demand for remote
care amid the pandemic. However, DrCovid+ is unique in that
it tapped and expanded on existing resources to develop an
innovation that serves existing needs. Moreover, despite the
limited time frame for development and implementation, a
systematic RAD process was in place to ensure that the final
prototype adheresto the needs and requirements of itsend users.

Use Case of DrCovid+

The ubiquitous nature of mobile technology coupled with the
increasing acceptance of mHealth has provided new windows
of opportunity to augment its usein population health. Shifting
from the COVID-19 pandemic to other pressing global public
health issues such as the aging population, where increasing
chronic and complex health care needs are pertinent and care
needs extend beyond the hospital walls[35], aconcerted effort
has to be invested to empower patients and increase access to
resources within the community to ensure a sustainable health
care system [36]. Tele-socia apps such as DrCovid+ can be a
promising innovation to advance patient care and empowerment
[37]. Designed to ensure modularity and flexibility, the app can
be tailored to suit various use cases, such as sending text
remindersfor vaccination or medication intake, providing health
education materials, and teleconsultations [38-40]. This aso

Tanet a

addresses the concern on sustained engagement given that
DrCovid+ engagesthe patient on multiple fronts with different
use cases. The adaptation of the use case for DrCovid+ can
potentially minimize unnecessary waiting time and travel
expenses for clinic visits and contribute to the reduction in
hospital-acquired infection [41,42], making it apromising way
forward.

Strengths and Limitations

The development and implementation of DrCovid+ had to be
rapid to copewith theincreasing COVID-19 casel oads. Despite
this constraint, the process of developing the app used systematic
RAD processes and co-designing principles such as continual
engagement and taking the stance of equal collaboration to
ensure the relevance and adoption of the eventual product.
Regular meetings were also conducted to gather feedback and
suggestions on the groundsfor further modifications of the app.
The current project, however, requires an evaluation of the
cost-effectiveness and overall efficacy as more patients are
enrolled. It will also be appropriate to assess time savings for
health care providers and the difference in the characteristics
of patients who onboarded the DrCovid+ app compared to
controls.

Conclusions

Theimpetusto provide remote care and support to theincreasing
home recovery of COVID-19 cases and the urgency of the
COVID-19 situation prompted the need to leverage mHealth
technol ogies and rapid deployment. However, thiswas met with
various challenges including cost-, labor-, and time-intensive
requirements in developing an app; data security issues; and
poor adoption rates due to communication-rel ated barriers. The
DrCovid+ app was devel oped to address the pressing demands
for remote patient management and support the existing cost
and technological bottlenecks. The rapid, cost-effective, yet
strategical development of atele-social app efficiently reaches
out to a large number of patients while ensuring timely care
provision, and this use case can also be scaled and expanded to
meet other population health needs to tackle rising health care
challenges.
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