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Abstract

Background: Asymptomatic and high-risk COVID-19 patients are advised to self-isolate at home. However, patients may not
realize that the condition is deteriorating until too late.

Objective: This study aims to review various artificial intelligence-based telemedicine research during the COVID-19 outbreak
and proposes a framework for developing telemedicine powered by artificial intelligence to monitor progression in COVID-19
patients during isolation at home. It also aims to map challenges using artificial intelligence-based telemedicine in the
community.

Methods: A systematic review was performed for the related articles published in 2019-2021 and conducted in the PubMed
and ScienceDirect database using the keywords “telemedicine,” “artificial intelligence,” and “COVID-19". The inclusion cri-
teria were full-text articles and original research written in the English language.

Results: Thirteen articles were included in this review to describe the current application of artificial intelligence-based tele-
medicine during the COVID-19 pandemic. Various current applications have been implemented, such as for early diagnosis
and tracing of contact for the users, to monitor symptoms and decision-making treatment, clinical management, and virtual
and remote treatment. We also proposed the framework of telemedicine powered by artificial intelligence for support the
self-isolation of COVID-19 patients based on the recent update in technology. However, we identified some challenges for
using digital health technologies because of the ethical and practical use, the policy and regulation, and device use both
for healthcare workers and patients.

Conclusion: Artificial intelligence promises to improve the practice of medicine in various ways. However, practical applica-
tions still need to be explored, and medical professionals also need to adapt to these advances for better healthcare delivery
to the public.
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infection." COVID-19 can also be particularly dangerous
for certain high-risk patients, including elderly patients
and those with specific pre-existing health conditions.? In
practice, asymptomatic and high-risk patients self-isolate
at home and are expected to call their doctor if their condi-
tion worsens.>* However, patients can begin to deteriorate
without notice, and by the time they realize that something
is mistaken, the chance for early life-saving treatment may
have been missed.* Based on the issue, it is necessary to
develop methods to communicate efficiently with asymp-
tomatic and high-risk COVID-19 patients under self-
isolation at home.

Telemedicine is a term that was invented back in the
1970s, which means “healing from afar” and refers to infor-
mation communication technology used to improve
society’s health and well-being by enhancing access to
healthcare information.” It allows clinicians to provide
health services when social distancing is needed without
direct contact with patients.® The most commonly used
technologies are voice and video calls.” Telemedicine
allows using technology without requiring healthcare pro-
fessionals and patients to be in the same place.®
Telemedicine combines convenience, comfortability, and
low-cost access to information regarding health and com-
munication technology to support health practice remotely
through phone, video, email, and mobile health applica-
tions.®? However, data security problems, poor user educa-
tion background, and lack of telemedicine features have
been found as the problems faced today in the application
of telemedicine in the community.'°

Although artificial intelligence (AI) was initially intro-
duced > 60 years ago, the rapid evolution of Al-based tech-
nology and applications occurred after the improvement of
graphic processing units in the 2010s.'" Al is the term used
to describe computers and technology to simulate intelli-
gent behavior and critical thinking comparable to a
human being.'? John McCarthy first defined Al in 1956
as the science and engineering of making intelligent
machines.'® Recently, Al algorithms have been studied
and established in various medical fields to facilitate
exam interpretations, improve the accuracy of diagnoses,
and reduce time and human resource consumption.'*

This review focuses on recent advances in Al technology
and its current application in telemedicine during the
COVID-19 era. The proposed framework for the devel-
opment of telemedicine powered by Al to support self-
isolation in COVID-19 patients is provided in the follow-
ing description. It also identifies the challenges and
acceptable use of Al in telemedicine during the
COVID-19 era. The contributions of this article are sum-
marized as follows:

1. Provide a clear insight into the current implementation
of Al in telemedicine for various diseases during the
COVID-19 outbreak.

2. Identify challenges and recommend solutions for
researchers to develop an advanced Al-based telemedi-
cine system for quarantining of COVID-19 patients
based on the integration of recent studies.

3. Helps policymakers and clinicians identify the key
points for implementing Al-based telemedicine in
patients.

Methods

To give a brief description of the current application of
Al-based telemedicine during the COVID-19 pandemic in
the medicinal field, we conducted a systematic review in
accordance with the Preferred Reporting Item for
Systematic reviews and Meta-Analyses.'> It includes
various processes: information source and eligibility cri-
teria, study selection, and data extraction.

Information source and eligibility criteria

The selection for the related article published in 2019-2021
was conducted in the PubMed and ScienceDirect database
using the keywords “telemedicine,” “artificial intelligence,”
and “COVID-19.” The inclusion criteria were full-text arti-
cles written in the English language and original research
studies. We excluded the articles that did not describe the
use of Al-driven technology in telemedicine in
COVID-19 cases or other diseases during the COVID-19
pandemic, protocol studies, conference abstracts, case
reports, commentaries, editorials, and reviews.

Study selection

The search process of this study consisted of three sub-
processes, they are a collection of articles, scanning of
title and abstract, and reading of the full text. Each article
was assessed by two reviewers to ensure the inclusion cri-
teria and the extracted data. Any disagreement between
the two reviewers was resolved by a senior reviewer. The
senior reviewer also evaluated the quality of the included
articles to ensure their significance to this review. A total
of 626 publications were found, 13 of which met the inclu-
sion criteria (Figure 1).

Data extraction

We extracted the required data and collected it for further
analysis manually using an Excel spreadsheet. The numer-
ous parameters such as title, year, type of articles, and the
result were selected for achieving the key points of the sys-
tematic reviews.
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Figure 1. Flow diagram of inclusion and exclusion of studies. Reasons for exclusion are conference abstract, case reports, commentaries,
editorials, protocols, and reviews (narrative review, systematic review, and meta-analysis).

Telemedicine and Al during COVID-19 era: Current
application

Al is growing into the public health sector and will signifi-
cantly impact every aspect of primary care. Al in medicine
can be divided into two subtypes: virtual and physical. The
virtual component is represented by Machine or Deep
Learning, represented by mathematical algorithms that
improve learning through experience. It enables “systems
thinking” about healthcare; it not only focuses on the clas-
sical interactions between patients and providers but also
considers larger-scale organizations and cycles. The
virtual part ranges from electronic health record systems
to neural network-based guidance in treatment decisions."?

The second form of application of Al in medicine
includes physical objects, medical devices, and increasingly
sophisticated robots in care delivery.'® The most promising
approach is using robots as helpers; for example, a robot
companion for the aging population with cognitive
decline or limited mobility. Robots are used in surgery as
assistant surgeons or even as solo performers.'” The phys-
ical part deals with robots assisting in performing surgeries,
intelligent prostheses for disabled people, and elderly care.

The current research focuses on utilizing Al develop-
ments to support various diseases, including COVID-19
during the Coronavirus outbreak. It is categorized under

several uses: early diagnosis and tracing of contacts, mon-
itoring symptoms and decision-making treatment, clinical
management, and virtual and remote treatment (Table 1).

Early diagnosis and tracing of contact for the users

Miyake et al.'® conducted a study of the active telemedicine
method and computed tomography (CT) protocol to reduce
the risk of infection in a medical and non-medical team
dealing with COVID-19 patients. It showed no positive
serum-specific antibody testing and polymerase chain reac-
tion testing results for SARS-CoV-2 in a group of COVID
doctors. Furthermore, the 36-item short-form of the
Medical Outcome Study Questionnaire showed no deterior-
ation in physical and mental quality of life status. No
in-hospital infection occurred during the study period.
The combination strategy seems acceptable for both the
protection and stress relief among the medical staff.
Alodat et al.'® created real-time telemedicine powered
by various deep learning-based real-time telemedicine for
adapting and managing the COVID-19 pandemic crisis. It
was reported that Convolutional Neural Networks using
Tensorflow (CNN-TF) model were capable of discriminat-
ing between those with positive cases of COVID-19 and
those with negative cases. Another model, the Random
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Forest classification, was found to predict COVID-19
patients at risk of death and provided appropriate healthcare
assistance.'” Chest X-ray image analysis was also per-
formed to provide a differential diagnosis of respiratory dis-
eases related to COVID-19.

Monitor symptoms and decision-making treatment

Bassam et al.° designed the Internet of Things (IoT) based
wearable monitoring device to measure various vital signs
related to COVID-19. The system will automatically alert
the concerned clinical authorities about quarantine viola-
tions for potentially infected patients by monitoring their
real-time GPS data. The proposed approach is implemented
with three-layered functionalities: wearable IoT sensor
layer, cloud layer with Application Peripheral Interface,
and android web layer for mobile phones. This design
may serve as an essential part of COVID-19 patients and
can be used as a monitoring device to track the health and
recovery of a COVID-19 patient.

Another [oT-based remote access was also developed by
Sharma et al.?' They combined it with an alarm-enabled bio
wearable sensor system for the early detection of
COVID-19. The design was based on the ontology
method using sensory 1D biomedical signals such as elec-
trocardiogram, photoplethysmography, temperature, and
accelerometer to monitor remote patients and provide
medical help to distant locations. It was reported that the
efficiency of the proposed model was 96.33% to distinguish
between COVID-19 patients and suspected COVID-19
patients.

A recent study proposes a computer-aided intelligent
diagnosis decision support system as part of telemedicine
to help clinicians make a correct decision. The design
encompasses a fusion of machine learning (ML) models
trained based on two modalities: the patients’ symptoms
and the medical questions. The output of the combination
showed promising predictive ability with a classification
accuracy of 84.9%, indicating the potential of the model
in predicting the diagnosis of possible patient conditions
based on the given symptoms and patients’ questions that
consequently could aid clinicians in making the right
decisions.”

Clinical management

Semi-structured interviews were conducted with Al and
mental health experts. The data were then used to analyze
and synthesize gathered data to construct an enhanced
model with potential Al solutions integrated with telemedi-
cine. The result showed that AI tools could enable
improved delivery of preventive and personalized care by
opening up new data collection and analysis avenues to
enhance understanding of mental health conditions. For
example, “active data” will be collected with active

involvement from the patient, such as completing surveys
or contributing audio samples using digital apps. They are
then analyzed with Al to tailor services to the individual
by further engaging patients in their recovery process.
However, “passive data” can also be collected from
digital devices via mobile applications. The smartphone
application will collect data from mobile sensors and
phone usage, such as location and SMS logs, to monitor
the state of a patient’s disease.”

Adly et al.** compared the nonpharmacological respira-
tory treatment methods for home-isolated COVID-19
patients using a new Telemanagement healthcare system.
It was found that home-based oxygen therapy with bilevel
positive airway pressure can be a more effective prophylac-
tic treatment than osteopathic manipulative respiratory and
physical therapy techniques because it can impede exacer-
bation of early-stage COVID-19 pneumonia.

Virtual and remote treatment

The system’s performance of Notal Vision Home Optical
(NVHO) coherence tomography, telemedicine infrastruc-
ture for automated data upload, and deep learning algorithm
for automated optical coherence tomography of self-
imaging at home were evaluated in longitudinally neovas-
cular age-related macular degeneration patients. It was
found that 87.9% of patients initiated self-imaging and
97.6% of these had satisfactory image quality. Thus, it
may allow highly personalized retreatment decisions with
fewer clinic visits and alternative disease monitoring
during the COVID-19 pandemic.?

A previous study developed a home-based rehabilitation
(HBR) system that could recognize and record the type and
frequency of rehabilitation exercises conducted by the user
using a smartwatch and smartphone app equipped with an
ML algorithm in chronic stroke survivors during the
COVID-19 pandemic. It was found that the ML model
created with accelerometer and gyroscope data was the
most accurate (99.80%). It also performed a significant
improvement (17/22) in the Wolf Motor Function Test for
HBR patients.*®

Designing telemedicine powered by Al to support
self-isolation of COVID-19 patients

A built-in smartphone sensor can be implemented to test the
capturing functions of COVID-19 symptoms in the diag-
nosing process. The parameters input are CT scan images
of the lung, 30-s sit-to-stand, cough voice samples, and fin-
gerprint on the screen. The smartphone’s camera, micro-
phone, and temperature fingerprint sensor can detect all
these parameters to calculate abnormal sub-image lung
shapes, nausea or fatigue level, cough level, and fever
level. Based on a developed algorithm, symptom prediction
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Figure 2. The framework of a smartphone application for supporting self-isolation COVID-19 patients.

will be analyzed by ML techniques for positive or negative
COVID-19 initial results.>’ Inception Residual Recurrent
Convolutional Neural Network with Transfer Learning
(TL) can also be integrated into telemedicine to evaluate
X-ray and CT scan images to detect COVID-19 cases
(Figure 2).%®

A deep-learning algorithm can be used to diagnose and
stratify the risk of COVID-19 from lung sounds. It is
based on the fact that abnormal lung sounds have character-
istic frequencies and duration, differentiating them from
normal lung sounds.?® Several data augmentation techni-
ques will be explored, such as amplitude scaling, pitch
shift, and random time shift. This data set will then be fed
into a convolutional neural network with max-pooling
and dropout before binary classification by a support
vector machine into positive versus negative COVID-19
test results (diagnostic model) or hospitalization versus
outpatient.*

Wearable biosensors can be developed to continuously
monitor multidimensional physiological parameters for
the early detection of COVID-19 clinical progression. The
physiological parameters monitored include skin tempera-
ture, respiratory rate, blood pressure, pulse rate, blood
oxygen saturation, and daily activities rather than relying
solely on temperature measurement. The wearable

biosensor will be integrated with a specially designed
smartphone application, and the patient can report their
symptoms and record their cough sound using the smart-
phone. The analytics engine will process these multidimen-
sional physiology parameters to detect subtle physiological
changes preceding critical events, thereby enabling clini-
cians to review and intervene promptly.*’

Challenges and acceptable use of telemedicine
and Al

The COVID-19 pandemic has become an additional accel-
erator of changes in terms of the healthcare system digitiza-
tion. It brings healthcare workers closer to the patient,
supporting the exchange of medical data between the
doctor and the patient and improving the circulation of
information. However, digital healthcare such as telemedi-
cine has been debatable because of privacy and security,
data format and management, synchronization, over-
tracking, and lack of proper development and implementa-
tion guidelines that impact their efficacy and adoption.**
This is exacerbated by hasty, poor user engagement, ill-
prepared, or poorly communicated implementation of tele-
medicine that ultimately influences public trust>®
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Trust in the age of digital healthcare

It is confirmed that the challenges of digital technology
systems in the healthcare sector are not only technical
since they are rooted and linked to the need to create a
high level of trust in such scenarios. It is the foundation
for the ethical and practical use of new digital tools in
increased awareness and the more active role of patients
in the treatment process. Even though a number of studies
concerning trust in technology have been undertaken so
far, the problem of trust in such systems is still up-to-date
and requires further exploration.*

Mbunge et al.>® identified transparency, regular engage-
ment, and possible user parameters to boost public trust
However, poor communication and hasty implementation
of digital healthcare will undermine public confidence and
further risk efficacy. Despite the beneficial impact of
digital healthcare, its integration into clinical practice
should be carefully observed to avoid the potential violation
of ethical practices and regulatory policies.

The policy and requlation of digital healthcare

The future of digital healthcare will be significantly influ-
enced by a complex set of policy, legal, and regulatory fra-
meworks. An understanding of these frameworks will help
clinicians more effectively adopt and implement telemedi-
cine platforms. Chen et al.>® analyzed the impact of
policy instruments to promote telemedicine interventions
for COVID-19. It was reported that around 62% of policies
aimed to strengthen clinical service, and more telemedicine
technology interventions were implemented in clinical ser-
vices (38.7%). However, emergency planning and pre-
paredness had the least self-reported telemedicine
intervention (27.1%). The adoption of telemedicine has
been limited by licensure requirements, which impose com-
pliance burdens on clinicians. Policymakers could reduce
this burden by providing a telemedicine practitioner licens-
ing pathway that would enable clinicians to practice tele-
medicine more easily.>’

Challenges in device use

Many digital health technologies for various diseases are
currently available. However, adaptation into clinical prac-
tice by healthcare workers as well as patients is unclear. A
recent electronic survey found that patients are likely to use
digital healthcare recommended by healthcare practitioners
(HCPs), as reported by Ding et al.*® for digital health
devices for atrial fibrillation (AF). A total of 53.4% of
patients wanted guidelines from their HCP for optimal
use. Around 64% of patients wanted more data comparing
the accuracy of digital devices to conventional devices for
AF monitoring. It can be observed that expanding familiar-
ity with digital technology to general practitioners is

needed. Device accuracy and improvement are also barriers
identified by patients who want to use a digital device.
Another study shows that many digital health technologies
frequently did not provide a patient with the choice of a
clinician or transparent clinician credentials and offered
diagnoses without adequate medical history-taking.*®

Limitation

However, our study has limitations. Although the selected
articles in our study supported the study approach, we only
focused on two databases, PubMed and ScienceDirect, to
identify the articles that met our article selection criteria.
Thus, other related articles may not have been identified
because they are not in those two databases. Despite the limi-
tation, our study has described the current implementation of
Al in telemedicine in various diseases during the COVID-19
outbreak. It also gives clear insights into the policymakers
and clinicians to identify the key point for implementing
Al-based telemedicine in patients.

Conclusion

Al promises to change the practice of medicine so far in
various ways. However, many practical applications are
still in their infancy and need to be explored and developed
better. Medical professionals also need to understand and
adapt to these advances for better healthcare delivery to
the public. Moreover, support from a set of policies, regu-
latory frameworks, and data transparency are important
keys leading to the more accessible use of telemedicine.
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