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Abstract: Artificial intelligence (AI) has entered the mainstream as computing power has improved.
The healthcare industry is undergoing dramatic transformations at present. One of the most recent
industries to heavily use AI is telehealth, which is used for anything from issuing electronic healthcare
cards to providing individual counselling. Artificial intelligence (AI) is influencing telehealth in
the United States in a major way. Using AI in telehealth to allow clinicians to make real-time, data-
driven rich choices is critical to offering a better patient experience and improved health outcomes as
practitioners strive toward expanding virtual care options along the care continuum. Research in
the medical industry has started to use AI’s strengths in data processing and analysis in telehealth,
reflecting the widespread adoption of AI in other sectors. Because of the difficulties inherent in
telemedicine’s deployment, there is an urgent need to broaden its capabilities and enhance its
processes so that they may be tailored to address particular issues. This article is aimed to study
different areas of telemedicine and analyze the effect of AI in the field of health and medicine.
The literature surveyed in this study demonstrates the infinite growth potential afforded by the
combination of AI and telemedicine. There are four main directions that the expanding use of this
technology is heading: patient monitoring, healthcare IT, intelligent aid in diagnosis, and information
analysis with other specialists.

Keywords: telehealth; healthcare sector; artificial intelligence; innovations

1. Introduction

With the internet’s reach and data processing power on the rise, the global health
business, and telemedicine in particular, has new growth opportunities. Data sharing and
analysis, wearables, cloud computing, robotics, and the Internet of Things (IoT) are just
a few of the potential areas for innovation in the coming decade. These considerations
highlight the importance of artificial intelligence (AI) in healthcare technology administra-
tion and deployment. In healthcare, it is utilized to deal with the influx of data, the need
for precision in complicated operations, and the growing demand for medical treatment.
Automating hospital logistics is necessary to improve the efficacy of resource allocation
and the delivery of healthcare demands and operations [1].

Telemedicine is the practice of conducting remote medical consultations, exams, and
operations and facilitating interprofessional teamwork in the healthcare industry. It is
frequently emphasized that telemedicine is an “open and continually growing science”
that reacts and adapts to the changing health demands and settings of communities by
incorporating new technological developments. The major goals of telemedicine include: [2]

1. Increasing access to healthcare.
2. Improving communication between healthcare providers.
3. Improved time efficiency and reduced cost of logistics.
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Research on effective and reliable procedures for medical fields and studies on wireless
technology’s application to sensors have been growing over the last decade, particularly in
the context of electronic patient records and home monitoring. In the healthcare industry,
data have always played a vital role in the provision of quality patient care and decision-
making. With the advent of digital technology in healthcare, a vast amount of data is
being generated from various sources, such as medical equipment, insurance, life sciences,
and medical research [3,4]. The abundance of data presents a tremendous opportunity to
transform healthcare by providing valuable insights to support decision-making, improve
patient care, respond to real-time situations, and save more lives. This transformation is
made possible by leveraging advanced analytics, machine learning, and artificial intelli-
gence techniques that allow stakeholders to extract meaningful and actionable insights from
the data [5]. In addition to analyzing historical data, these techniques enable predictive
analytics to forecast future outcomes and prescriptive analytics to determine the best course
of action for the current situation. By harnessing the power of data, healthcare stakeholders
can optimize resource utilization, improve processes and services, and reduce costs on the
operational and financial front [6,7].

However, our understanding of AI and data analytics is expanding, allowing for even
greater potential applications. Telemedicine aims to improve productivity by allocating
resources according to the most pressing needs while also making available a wider range
of specialized knowledge and trained personnel [8]. In this study, we will examine the
significance of AI and its potential future application to the goals of telemedicine. Uses
of AI in telehealth, patient monitoring, IT healthcare, and information analysis will be
discussed in the article. Furthermore, the novelty of this review and its importance is
as follows:

• This study provides a comprehensive overview of the potential benefits and challenges
of using AI in telehealth, which is lacking in many existing studies that focus on a
specific aspect of AI or telehealth.

• It emphasizes the importance of understanding the ethical, legal, and social
implications of using AI in telehealth, which is a critical issue in the current
healthcare landscape.

• It discusses the potential of AI to improve patient outcomes and reduce healthcare
costs, which aligns with the goals of many existing studies.

• It highlights the potential of AI to address the issue of healthcare access, which is a
major concern in many existing studies.

• It discusses the potential of AI to enable personalized medicine and patient-centered
care, which is an important topic in many existing studies.

• It provides examples of AI applications in telehealth, such as decision support, di-
agnosis, monitoring, and personalized treatment, which is valuable information for
researchers and practitioners.

• It acknowledges the limitations of AI in telehealth, such as the need for high-quality
data and the risk of bias and error, which is an important consideration in many
existing studies.

• It provides recommendations for future research, such as the need for rigorous evalua-
tion of AI applications in telehealth and the importance of involving stakeholders in
the design and implementation of AI systems, which is useful guidance for researchers
and practitioners.

• It emphasizes the need for interdisciplinary collaboration between healthcare providers,
data scientists, and other stakeholders in the development of AI applications in tele-
health, which aligns with the recommendations of many existing studies.

• It contributes to the ongoing dialogue on the role of AI in telehealth and highlights
the need for continued research and development in this area, which is an important
contribution to the field of telehealth.

AI in telehealth can have a positive impact on sustainability in several ways.
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Reduced carbon footprint: Telehealth eliminates the need for patients to travel to
clinics or hospitals for routine appointments, which reduces the carbon footprint associated
with transportation. By reducing the number of vehicles on the road, telehealth can help to
reduce air pollution and greenhouse gas emissions.

Efficient use of resources: Telehealth can help healthcare providers to use resources
more efficiently. For example, AI algorithms can help to predict which patients are at risk of
developing certain conditions and enable providers to intervene early, potentially reducing
the need for more costly interventions later on.

Better patient outcomes: By using AI to analyze patient data and provide personal-
ized care plans, telehealth can help patients to manage chronic conditions more effectively
and reduce the need for hospitalizations and emergency department visits.

Improved access to care: Telehealth can help to improve access to care for patients in
rural or remote areas, who may not have easy access to healthcare facilities. This can help
to reduce health disparities and ensure that everyone has access to quality care.

Overall, AI in telehealth has the potential to improve sustainability by reducing waste,
improving efficiency, and improving patient outcomes. By leveraging technology to provide
better care, we can create a more sustainable healthcare system that benefits both patients
and the environment.

2. Research Methodology

To address the research questions driving this review, the systematic literature review
(SLR) methodology was chosen because it makes it easier to develop trustworthy knowl-
edge from a dispersed knowledge base and allows the researcher to map and assess the
body of knowledge that is currently available. In fact, the SLR is a research approach that
can synthesize the body of current information, identify gaps in the literature, and create
new research objectives, all of which are aims of this study. The SLR identifies, selects,
and critically assesses research to provide a solution to a well-stated issue. It adheres to
a set of precise rules to conduct a thorough, repeatable, and transparent search for the
most pertinent literature [9]. In that regard, an SLR was carried out by adhering to the
three-step method recommended by Tranfield et al. [9] to respond to the research questions
in this paper: planning, carrying out, reporting and disseminating the review are the first
three steps.

2.1. Planning the Review and Database Search

The first step of the SLR includes planning and searching for relevant articles using elec-
tronic databases. Therefore, the process began by identifying the relevant, peer-reviewed
literature relating to the issue being investigated. The article selection process, shown in
Figure 1, followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. A set of keywords to search the academic research databases was
defined by the authors. Several keywords related to telehealth, artificial intelligence, and
telemedicine were used to create different strings to search the databases and the final
string the authors agreed upon was the following: ((“Health innovation” AND “Telehealth”)
OR (“innovation in telehealth” AND “Artificial intelligence”) OR “health issues” OR “smart
health” OR (“health management” AND “telehealth management”) OR (“innovation for health”
AND “e-health”)).

The search was conducted in December of 2022 using three academic databases, viz.,
Scopus, Web of Science (WoS), and the Business Source Complete and Academic Search
Complete collections in the EBSCO database. The search string was searched for in titles,
keywords, and abstracts and the initial search encountered 1018 papers (391 in WoS, 415 in
Scopus, 212 in Business Source Complete and Academic Search Complete).
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Figure 1. Article selection process.

Only peer-reviewed papers were considered in this research. Articles published
in outlets such as conference proceedings, reviews, book chapters, etc., and articles not
written in the English language were excluded. Duplicates were also eliminated, reducing
the number for further analysis to 516. Next, a preliminary screening was performed
by analyzing the papers’ titles and, if needed, their abstracts. Only 200 papers—all of
which the authors unanimously agreed discussed the links between health innovation and
telehealth—were chosen for full-text analysis. This includes 10 papers that were identified
through the snowball sampling technique. The authors determined from the full-text
analysis that 70 articles contributed to the topic and were pertinent to respond to the
research questions guiding this paper. All papers were examined by the three authors to
guarantee the validity of the selection procedure, and any disagreements were discussed
until an agreement was achieved; only then were the articles chosen for full-text analysis.

2.2. Conducting the Review

In total, 116 articles chosen in the preliminary screening were examined to gauge the
caliber of the sources and the applicability of the subject under investigation as well as their
annual distribution. The journals were chosen from Scopus, Business Source Complete,
and Web of Science for further article clarity based on the references. After screening the
papers, a full-text analysis was performed on the 70 papers selected to enable the content
analysis. The technique proposes a structured approach which enables the identification of
the papers’ focus and the emerging patterns in the body of knowledge.

2.3. Reporting and Disseminating the Review

To enable the content analysis, the articles’ basic information was translated into an
Excel file, according to an initial codebook developed by the authors, which was adjusted
and updated during the full-text analysis to incorporate new categories, until no new
categories emerged. The authors first coded all the selected articles and subsequently
compared and discussed the results for each article to resolve any discrepancies in coding
Table 1. Themes found inductively during the literature review process could be examined
through full-text analysis of the literature.
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Table 1. Codebook for content analysis.

Code Description

Title Title of the article

Authors Authors of the article

Source title Publication in which the article was published
Research method(s) Interview, case study, conceptual, or others

Application area Area of application or type of industry explicitly stated in the article

Theoretical lens Theoretical perspective adopted in the article

Research themes Key research themes of the article

Key findings Key findings explicitly stated in the article

Crossovers and
connections between
telehealth and AI

Explicitly stated evidence of connections between health innovation
and AI in health innovation (HI) lifecycle, principles, transversal
management processes, and/or tools and techniques

Tools and techniques Tools and techniques of HI and AI addressed in the article

Future work Avenues for future research explicitly stated in the article

3. Telehealth in Healthcare

Through electronic means of communication, telehealth facilitates the transmission
of health-related data that may then be used to provide direct patient care, as well as
patient education and training. It aims to make healthcare more accessible and affordable
in developed and developing countries by removing barriers such as time, distance, and
geography. It plays an important part in times of crisis, such as natural disasters. Lengthier
life expectancy and the accompanying rise in the prevalence of chronic illnesses have
increased both the need for and complexity of treatment, resulting in longer contacts
between patients and clinicians (and across providers) and, therefore, a greater need for
telehealth care assistance.

In the past, telehealth was divided into two distinct types: synchronous, where the
patient and doctor are in constant contact, and asynchronous, where messages are stored
and sent at a later time. Telemonitoring, the third kind, has recently been recognized; it
entails gathering information from dispersed devices, such as those connected to the Inter-
net of Things (IoT). Four examples of well-embedded telehealth services were identified
in the most recent WHO global eHealth observatory survey: teleradiology, telepathology,
teledermatology, and telepsychiatry. The first three use asynchronous models of care,
while the fourth uses a synchronous model. This exemplifies the inherent challenge of
substituting or supplementing services supplied in real time by clinicians. More than 60%
of respondents to the same poll also cited a lack of knowledge of clinical practice connected
to telehealth as a major barrier to widespread adoption [10].

Telemedicine is the remote delivery of medical treatment via electronic medical records,
videoconferencing, and other information and communication technologies. A physician’s
provision of remote medical care is known as telemedicine, but telehealth incorporates a
broader range of non-physician services.

It is common practice to employ telemedicine to manage long-term conditions such
as cardiovascular disease, diabetes mellitus, cancer, and mental illness. In certain cases,
such as with elderly patients, telemedicine may be a viable, cost-effective option.
Patients, particularly those in remote places, may easily keep tabs on their care with
mHealth applications.

One of the most promising uses of telehealth is in the field of digital psychotherapy.
It facilitates constant two-way communication between patients and their psychiatrists.
Telepsychiatry may save money compared to traditional therapy sessions. To make up for
the absence of psychiatrists and other mental health specialists in the country’s outlying
regions, digital psychotherapy has emerged as a means for individuals to connect with their
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metropolitan providers. Patients may find that mobile applications are a more convenient
and cost-effective option than telepsychiatry. Smartphones may provide home care for
those with mental diseases such as depression, anxiety, schizophrenia, and more. Across
the globe, cancer is the biggest killer. Most people with cancer need to be monitored
consistently to keep their condition under control.

For cancer patients, telehealth has made it easier to receive palliative care at home.
With the help of mobile applications, patients can communicate with their doctors and
loved ones and access the necessary resources for providing quality care. This seamless
communication allows for timely support, enhancing patient care and improving the
quality of life during long-term treatment processes. Telehealth plays an essential role in
enhancing patient care by providing timely resources and support, even when patients are
receiving treatment from the comfort of their homes. It is a cost-effective and convenient
alternative for managing long-term conditions and providing access to mental health
specialists in remote regions. With the rapid advancement in communication technologies,
telehealth will undoubtedly continue to revolutionize the delivery of medical treatment in
the future [11].

4. Why Artificial Intelligence Is Necessary

Artificial intelligence has been studied for decades. Artificial intelligence technology
could be used in several ways:

1. To improve medical care;
2. To enhance procedures through incorporating digital intelligence into medical equip-

ment and instruments or;
3. To provide a means of assessing patient records to identify error-causing factors;
4. To propose new treatments in light of existing ones.

The ability to spot patterns quickly and with planned accuracy helps find the best
medical practices and judgments. The ability to enhance surgical procedures and foresee
problems depends on identifying patterns in the outcomes of these procedures. More and
more hospitals are using such tools to maximize the impact of their available resources [12].

5. Concept of Artificial Intelligence

AI popularized the term “artificial intelligence” (AI) in the 1950s [13]. Artificial
intelligence, or AI, is the capacity of computers to simulate human intelligence by acting
and reacting to events in a predictable manner. Developers and scientists have been
working to enhance AI-based algorithms ever since the late 1990s when network and
technological infrastructures began to mature. Functionality and technical considerations
led to the categorization of AI into seven distinct varieties. Machine learning and deep
learning are two branches of artificial intelligence [14]. Artificial intelligence (AI) describes
computer programs that can learn and improve their performance over time. Artificial
neural networks are used in deep learning to think like human brains. Machine learning
uses methods to learn based on the previous experiments and to make judgments [15]
(Table 2).

Table 2. Classification of artificial intelligence.

Sr. No. Type Property

1 Reactive machines

It is the simplest kind of artificial intelligence and has the fewest
features. It can function independently of a persistent storage
medium. It is designed to operate similarly to the human brain
in various situations. It cannot remember past events and
conclude how they will behave [16].
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Table 2. Cont.

Sr. No. Type Property

2 Limited memory

The capacity to respond to new information is combined with
the ability to learn from experience. AI systems can analyze
current conditions and learn from previous experiences to make
judgments in the future, thanks to the accumulation of datasets.
The fingerprint scanner is the most prevalent example of a
memory system that AI constrains [17].

3 Theory of mind

It is made to examine many different things, such as how you
feel, what you believe, and what kind of thoughts you have. It
will aid robots in understanding human beings and the many
factors influencing their thought processes [18].

4 Self-aware

Theory frameworks are still in the making. Highly complex
systems, on par with the human brain, will eventually be aware
of themselves and able to function independently. The time
required for these AI strategies to mature is still up
in the air [19].

5 Artificial narrow
intelligence

Currently, ANI is the most popular subset of AI. ANI can
multitask and perform one or two tasks at once. It makes use of
the information it has learned through its training and from
previous encounters. Any model of artificial intelligence (from
the most basic techniques to the most complex algorithms
employed by computers to arrive at conclusions) may be
categorized as ANI. Due to its constrained functionality, ANI is
classified as a flawed artificial intelligence system [20].

6 Artificial general
intelligence

There is a connection between this and the unfinished business
of the scientific community known as the theory of mind for
practical purposes. The eventual objective is to build devices
capable of making connections across several domains [21].

7 Artificial super
intelligence

ASI needs lots of memory to think and make decisions like
humans. Complex activities would be much easier and take
much less time to complete if machines had more memory,
processing power, and the ability to make intelligent decisions
quickly. They will be capable of undertaking things they have
never undertaken before, including making complicated
judgments that are affected by various factors. It still needs to
be completed [22].

Artificial intelligence (AI) has become a valuable resource in many industries today.
The following are the uses of AI in different industries [23]:

Online and personalized shopping (E-commerce);
Navigation (traffic prediction and GPS technology);
Robotics (artificial intelligence-based robots);
Healthcare (disease diagnose and cure);
Agriculture (identification of soil defects and nutrients);
Gaming (prediction of human behavior, human–computer interaction);
Facial recognition.

Disease hotspots were located, and their geographical patterns were evaluated using
artificial geospatial intelligence (GeoAI). It was utilized for modelling and tracking disease
outbreaks in infectious disease research. An artificial neural network-specific algorithm was
used to geotag tweets from Twitter and statistics on CDC cases of influenza-like sickness
to provide real-time disease predictions. These geotagged tweets centered on the location
from when the tweet was sent and enabled the Twitter App to track the tweet’s movement.
Another research employed a machine learning strategy to forecast seasonal influenza
epidemiology in the United States [21–23].
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Different initiatives are starting to use location-based information and GeoAI for
treatment and other healthcare applications. Expanding existing GeoAI technology will
allow for new avenues of study in spatial epidemiology and public health, such as mod-
elling places that still need to be recorded in high resolution or analytics to produce new
geographically vast data sources [24].

Artificial Intelligence in Telehealth

Artificial intelligence (AI) has been rapidly expanding into the healthcare industry,
and telehealth is no exception. Telehealth refers to the use of technology to deliver remote
healthcare services, including diagnosis, treatment, and monitoring. AI technology can
assist telehealth in several ways, such as improving diagnostic accuracy, enhancing patient
outcomes, and increasing the efficiency of healthcare delivery [25].

One significant benefit of AI in telehealth is the ability to process large amounts of data
quickly and accurately. AI algorithms can sift through medical records, lab results, and
patient-generated data to identify patterns and make predictions about a patient’s health
status. This information can help healthcare providers make more informed decisions
about patient care and treatment plans, leading to better outcomes [26].

Another important application of AI in telehealth is in the development of chatbots
and virtual assistants. Chatbots and virtual assistants can help patients access healthcare
resources and provide basic medical advice. These tools can also help healthcare providers
manage their workflows, such as scheduling appointments and reminding patients to take
their medication [27].

AI can also be used in telehealth for remote monitoring and early detection of health
problems. Wearable devices and sensors can collect patient data and send them to AI
algorithms for analysis. These algorithms can detect changes in a patient’s health status
and alert healthcare providers if action is necessary, allowing for early intervention and
improved patient outcomes. AI can also assist in reducing healthcare costs by automating
routine tasks and improving the efficiency of healthcare delivery. For example, AI algo-
rithms can help optimize staffing levels and improve patient flow, leading to reduced wait
times and shorter hospital stays [28].

In recent years, the use of artificial intelligence (AI) in healthcare and telehealth has
been steadily increasing. One area of development is the use of computer-generated con-
versation to facilitate communication between patients and healthcare providers. This
technology can provide a range of benefits, from enabling remote therapy sessions to
automating simple healthcare tasks. The potential uses of automated conversational inter-
actions are vast and can range from simple message delivery to more complex interactions.
For basic tasks, such as providing reminders or confirming appointments, simple audio or
visual cues may be sufficient. These types of interactions can be managed by rule-based
systems, which rely on pre-defined decision trees or expert systems to construct responses
to user inputs [29].

However, more complex interactions require a higher level of AI sophistication. These
may include virtual assistants capable of responding to questions, providing health advice,
or even performing basic diagnosis. For example, virtual assistants could provide assistance
to individuals with cognitive impairments or offer avatar-based support to elderly patients.
To facilitate these types of interactions, AI models must be capable of understanding the
context of the conversation and adapting to the user’s needs [30].

In healthcare, the potential for AI-assisted virtual assistants is significant. They can
provide healthcare professionals with a cost-effective and scalable solution for patient care,
helping to reduce the burden on overworked healthcare systems [31]. Furthermore, the use
of AI can help to improve patient outcomes by providing personalized, real-time advice and
support. As the technology continues to evolve, we can expect to see an increasing number
of healthcare applications that leverage AI to improve patient care and outcomes [32].

Dealing with cognitively impaired individuals, making online clinical information
more accessible, and providing avatar-based patient agents are just a few examples of
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health applications where virtual assistants can provide a viable supplement or alternative
to conventional healthcare delivery models [33]. In these situations, the conversational
goal and knowledge base need to be increasingly complicated, and the complexity of the
AI agent increases as it learns more from the data it collects. To have a genuine discussion,
it may be important to include emotive behavior via multimodal contextual awareness
processes [34]. For instance, a personalized model of the individual’s context will be
required in addition to the context model for the present discussion if difficulties emerging
from the patient’s prior interactions or past medical history need to be addressed in making
conversational judgments [35].

According to [36], that looked at the most recent developments in the field of tele-
health, two major forces are driving change: high volume demand, which is occurring
because it is becoming increasingly difficult to co-locate the patient physically, the clini-
cians, and the associated data; and high criticality applications, which are situations in
which specialized expertise is required at the precise moment that clinical demand arises.
The provision of medical treatment will always include at least one face-to-face clinical
encounter, the needed frequency of which will vary depending on the case’s specifics [37].
This is true regardless of the mode of delivery that is chosen. In the telehealth field, infor-
mation and communication technology (ICT) applications may be used to find solutions to
problems caused by an imbalance between the demand for and supply of medical services.
AI could help with this problem by building algorithms that match the number of care
providers who have the relevant clinical abilities to the number of people who need those
skill sets in the nearby area [38]. Telehealth does, however, provide several operational
challenges, such as when the connection to the remote communications system breaks or
when the physician providing remote treatment is not accessible remotely. AI can eliminate
various issues in healthcare departments. Interaction between humans and computers
can be increased by using artificial intelligence to provide better situations and solve
problems [39–41].

Medical care is becoming more complex due to the steady stream of discoveries and
advancements, so a single clinician can no longer handle it. By tailoring care to the unique
needs of each patient or patient cohort, AI can facilitate the development of expertise in
clinical procedures. Artificial intelligence (AI) may be used, for instance, to learn how
to use recent medical care advances best. To extend life expectancy and effectively treat
chronic illnesses that include numerous ailments, a team approach comprising specialists
from many fields is essential. Care must be provided at the patient’s own home or another
location within the community [42]. Inadequate adherence to integrated care pathways and
care continuums has a detrimental effect on healthcare access and quality for all patients.
Support or remote care is required due to the inability of all team members to be physically
present at all times. There should be consistent communication and connections between
the various parts of the healthcare delivery system. Artificial intelligence (AI) might assist in
meeting this demand by creating a smart information and communication environment in
which practitioners could collaborate and by keeping a comprehensive virtual knowledge
base throughout a patient’s illness and therapy [43].

As [44] elaborated, artificial intelligence encompasses “problem-solving and search,
logic and inference, planning, probabilistic reasoning and decision making, learning, com-
munication, vision, and robotics.” They also theorized that computers may act as “intelli-
gent agents” in the field of AI and that these machines would be able to replicate human
cognitive behavior and cognitive performance to the point that they would be able to
outperform humans in these areas. The reasoning behind this was the assumption that
computers might execute mental tasks in a human-like manner and have human-like
cognitive abilities. In a recent article, ref. [45] summarized the possible influence of AI in
telemedicine based on four developing themes serving different healthcare goals. A few
examples of these tendencies include:

1. The expansion of healthcare IT to remote patient monitoring.
2. The use of AI in medical diagnosis and support.
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3. The growing emphasis on teamwork in data analysis.

This is a reasonable approach to summarize the possible effects of AI on telehealth,
given the breadth of those effects. They may be merged into two main foci, both of which
will become topics of discussion in the next sections of this study. First, bolstering high
standards for established clinical practice and service delivery, and second, developing and
bolstering experimental approaches to patient care.

6. Artificial Intelligence, Telehealth, and Quality Improvement

There has been an explosion in the volume of health-related data generated digitally
by patients and medical professionals in the last few years. As a result, there has been a
push for the general use of EHRs (electronic health record systems) and the automated
collection of patients’ data. The availability of huge datasets and the rapid development of
computational data science allow for the extraction of innovative findings and actionable
insights with the potential to significantly improve health outcomes (including AI-based
machine learning approaches). As a result of the increased sophistication of the data
available, clinical decision-making may be supported by automated methods, which in
turn encourages progress toward intelligent aid and diagnosis [45].

6.1. Clinical Assessment and Evaluation

Clinical assessment used to rely heavily on a patient’s history, and a physical exam
before sophisticated diagnostic tools and imaging technologies such as MRI and CT were
widely available. The authors of [46] found that a patient’s medical history accounted
for 76% of the diagnostic process, whereas a physical exam only accounted for 11%. The
researchers discovered that the significance of the history was about the same, while the
importance of the examination was considerably lower (7.6%). Healthcare is deteriorating
due to the declining skill in taking and analyzing patient histories in the present day [47].

Investigations simplify telecare because of the convenience of collecting and trans-
mitting data in this way. Computed tomography, magnetic resonance imaging (MRI),
and ultrasound (gallstone, liver abscess) have helped in the diagnosis and enhanced the
importance of computed diagnosis. The expenses associated with this level of complex-
ity have yet to be justified by the quality gains seen in healthcare delivery. Because it is
time-consuming and tedious for doctors to take a patient’s history, telemedicine is only
sometimes utilized to its full potential. It is a pity since it is a step that can be accomplished
remotely and does not call for any specialized tools. However, the cost–benefit advantage
of telecare is diminished when conducting high-end examinations due to the need for more
expensive distant infrastructure.

A patient’s medical history might provide important insights for a seasoned doctor
trying to diagnose their condition. It helps with the diagnosis, of course, but it also
helps narrow down the scope of the study. Artificial intelligence (AI) has the potential
to streamline the history-taking process by giving suggestions, diagnostic clues, and the
right follow-up questions depending on the clinician’s response. Someone with gastritis,
for instance, may have long-term, dull aching discomfort in the upper abdomen without
disrupting sleep. Effective use of mobile ICT may allow for the delivery of a summary of
such queries asked in succession as part of a telehealth application.

For instance, if a patient is experiencing chest discomfort and the risk of myocardial
infarction, streptokinase or at least Sorbitrate or aspirin should be urgently considered for
remote administration even if a doctor cannot be reached. With the help of a local nurse
practitioner, the patient may immediately benefit from these inquiries and their findings.
The user interface may be made more accessible for such questions by using universally
understood icons.

6.2. Telediagnosis of Clinical Conditions

Because of advancements in telemedicine, off-site medical diagnosis is now a real
possibility. Medical professionals may now diagnose and treat patients remotely. Patients
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with diabetic retinopathy, for instance, have seen fewer doctor’s appointments. Artificial
intelligence (AI) in screening procedures is expected to reduce visits even more. If an
AI system is included in the screening method, the algorithm will require only retinal
images. The AI system can analyze the photos and precisely assess the disease’s severity
by comparing them to historical data. Doctors and patients would benefit greatly from
using AI in the screening process since it will reduce the amount of time and effort required.
Because of the ease of identification enabled by AI in telemedicine, doctors and patients
may expect the diagnosis to become more efficient, saving both time and money [48].

In the past, doctors relied on clinical examinations to make diagnoses. Still, nowadays,
patients and doctors rely on a combination of objective evidence and the doctor’s expert
interpretation of that data. In this context, AI has emerged to greatly assist medical pro-
fessionals in evaluating evidence in recent years. Considering the progression of illnesses
related to the creation of malignancies, various disease diagnostic patterns may represent
varied cancer risk profiles. This is especially important in oncology. The prediction may be
improved by simulating illness development and possible course changes. AI is on track to
significantly affect illness diagnosis worldwide by using machine learning algorithms to
enormous databases of disease populations [49].

Teledermatology is an established branch of telediagnostics that may benefit greatly
from AI-powered automation. The current state of melanoma diagnosis relies on the
expertise and training of the examining physician. It was recently discovered that a
computer program that used convolutional neural networks was more accurate in detecting
melanoma than most of the 58 dermatologists who were also assessed (median area under
the receiver operating characteristic curve 0.86 vs. 0.79, P 0.01). Another study classified
skin lesions using deep convolutional neural networks (CNNs). These CNNs relied only
on pixel-level image data and disease labels during training. By using CNNs, we can show
that AI is capable of skin cancer classification at a level of expertise on par with that of
dermatologists. For example, screening for breast and cervical cancer might benefit greatly
from automated diagnosis [7,50].

7. Artificial Intelligence, Telehealth, and Models of Care

There has been a notable rise in the prevalence of chronic illnesses throughout the
world. The traditional methods of healthcare delivery are overstressed to the point that
they are no longer viable. This is compounded by the fact that the base of aging people
with numerous morbidities is expanding. Telehealth is a viable option that may maximize
the use of information and communication technology for diagnosing, monitoring, and
delivering healthcare at a distance. However, the full promise of delivering healthcare
across long distances has yet to be realized because of several system-level restrictions that
have precluded the scaling up of revolutionary telehealth models at the national or regional
levels. Recent studies on telehealth interventions have found that to successfully implement
a complex innovation, such as remote care, it needs to be allowed to develop naturally,
respond to and adapt to the local health and social care system, and be pushed forward with
the backing of front-line staff and management. Consequently, the improved healthcare
opportunities afforded by patient monitoring must be implemented in an environment that
places a premium on information analysis and communication between care teams and
organizations accountable for health systems.

7.1. Conversational Agents and Virtual Assistants

Computer-to-human engagement in telehealth is a logical extension of human-to-
human communication. This expansion is made possible by advances in computer-based
dialogue production and interpretation. The benefits of choosing between a human coun-
sellor or a computer have been well recognized for some time. Recent years have shown
the benefits of synchronous and task-oriented computer-generated discourse for various
applications, including those dealing with mental health. There are several applications
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throughout the care continuum where automated conversational interactions may supple-
ment or even replace human carer duties [51].

Virtual assistant (or conversational agent) solutions may range widely in scope and
sophistication. Audio speech or visual text communication is typically sufficient for basic
activities, which need nothing more than a message or signal to alert the receiver. It may also
transmit a low complexity response, such as a confirmation acknowledgement. Chatbots
that can take voice or textual inputs and respond in kind are one such technology. They may
be programmed with restricted dialogue systems that can understand and generate just
a small subset of sentences for a certain task. Solutions such as this work best when both
the circumstance and the user’s context are well established and straightforward. Expert
systems and decision trees are common rule-based AI methods used by these agents [48,52].

Ref. [53] state that a chatbot is “a system that aims to imitate dialogue rather than
comprehend it.” Chatbots may answer customer service questions, provide instructions,
or perform searches. In the corporate world, they are used as virtual assistants or as
the initial point of contact. The first successful chatbot, ELIZA, successfully engaged in
natural-sounding conversations with humans. It worked by paraphrasing phrases as input
when they conformed to a set of rules. Vocal recognition is another developing tool. These
advancements in technology allow for the provision of a service available around the clock
to assist patients and their caretakers. There is also the possibility of a hybrid technology in
which chatbots and people work together to provide patient care.

Health applications where virtual assistants may be a useful addition to or replacement
for conventional healthcare providers include helping people with cognitive impairments
and increasing access to online clinical information. In these cases, it is crucial to have a
deeper conversational purpose and knowledge base, and the complexity of AI grows as
the AI agent learns more about its surroundings. Using multimodal contextual awareness
techniques, including elements of emotional behavior, may be necessary to promote a
genuine conversational dialogue.

7.2. Remote Patient Monitoring and Management

The complete patient monitoring system works in a managed way. Data are collected
from patients by using a sensor. Data are then transmitted to the clinics and combined with
other data. The combination of previous and current data is used to make proper actions
such as the escalated care of the patient. Telemonitoring AI systems are dependent on and
contribute to the growth of other ICT parts of the healthcare system. In certain situations,
they may even be superior to humans. They reliably and mathematically carry out their
commands, mostly based on internal logic but also factoring in statistical evidence acquired
through machine learning techniques from massive datasets. Data from other devices, such
as global positioning systems (GPS), accelerometers, motion sensors, gyroscopes, etc., may
be instantly integrated and coordinated. Humans would require education and training to
incorporate these new data into care delivery, which is time-consuming.

Studies on patients with chronic diseases, including diabetes, COPD, and heart failure,
have tested the viability of telemonitoring as a means of remote surveillance. There have
been improvements in both the therapy and monitoring of COPD thanks to AI methods.
Classification and Regression Tree algorithm has been used in the research to diagnose
a patient. Data are taken from telehealth measurements at home and them used to early
diagnose a disease. Algorithms and procedures are very useful to diagnose disease at
early stages. In addition to the measures described above that are focused on deterioration,
the management of recovery conditions provides another option for patient monitoring
through telehealth. For instance, software that measures the extent of wounds may be
used as a complement to visual evaluation, which can improve performance and help with
remote treatment. In this particular illustration, a specialized scale that computers can read
is made available, and automated image-processing techniques are used to modify the
contrast of the picture to facilitate the accurate sizing and automatic determination of the
border and area dimensions. Human supervision and correction are currently required,
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and this may continue to be the case for a significant portion of AI-based telemonitoring, at
least in the short-term [54].

Artificial intelligence has made it possible to simulate face-to-face interactions between
medical professionals and their patients while also allowing for remote patient health
monitoring. There has been a recent uptick in interest in using artificial intelligence in
telehealth settings. The automated decision-making solution based on AI is available
for use by general practitioners and experts. The most general applications of artificial
intelligence in telehealth include the following:

Data analysis and cooperation.
Remote patient monitoring.
Intelligent diagnosis and assistance.
Competent support.

AI could be utilized to aid physicians in diagnosing and treating patients, as well
as to prevent professional burnout and enhance the overall patient experience. These
applications could also be used to improve the overall patient experience.

Because public health problems are not going away, executives in the healthcare
industry are increasingly focusing on artificial intelligence (AI) and telehealth. Artificial
intelligence has been of great use in monitoring customers’ welfare in the comfort of
their homes.

8. Trends of Artificial Intelligence in Telehealth
8.1. Patient Monitoring

Telemedicine has been used for various purposes, one of the oldest and most common
being the distant observation of patients. This paves the way for a less expensive and more
efficient way to have regular doctor-to-patient consultations via the phone or internet to
assess the current health of the patient and the clinical results. This has been designed to
work similarly to an in-person consultation via video conferencing and the attachment of
digital medical equipment to gather and record the patient’s clinical data. This development
aims to enhance the practicability, efficiency, cost-effectiveness, and ease of use of patient
monitoring compared to the standard approach.

Recent telepresence robot designs prioritize autonomy, allowing them to find their
way through doors and rooms without human input. This is achieved using a software
interface that permits remote control of the robot through a Wi-Fi connection between the
user and the robot. This concept has recently expanded thanks to the integration of AI
and vision systems for mapping environments and spotting hazards. Dr Rho, Medical
Telepresence Robot, is an example; it features a screen and a mobile body to improve
patient–doctor communication. Its microprojector and intuitive visual system facilitate
collaborative examinations and surgeries. When AI is put into practice, the concept of
machine learning will work well with it. The sensors on board will allow for simultaneous
mapping and interior navigation, allowing the software to plot a course for the robot
based on the user’s input of simply its final destination. A similar system might be used
to customize the robot’s physical configuration for the patient’s benefit. Modifying the
monitor’s or camera’s viewing angle and height may be necessary.

The research on an ankle rehabilitation system using feedback from a smartphone
wireless gyroscope platform and machine learning classification exemplifies the use of
AI and telemedicine to track a patient’s recovery without the need for live video or in-
person consulting. Therefore, the sick person has greater privacy. This research proposes
employing a gadget consisting of a wireless gyroscope platform on a 3D-printed frame
linked by way of a smartphone to keep track of the numerous beneficial consequences of
the ankle treatment and to “evaluate the success of the rehabilitation plan” using a machine
learning algorithm. Therefore, it is shown that vital wireless sensors play an important role
in telemedicine. Given the rapidity with which information may be sent to devices, robust
wireless sensors are crucial for 24/7 monitoring. If you are looking for a more effective and
real-time method of gathering information from patients with sickle cell disease, a web-
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based management system that makes use of machine learning methodologies is one option.
The system’s artificial intelligence component allows for accurate dosing predictions based
on historical data [55]. The system’s primary function is management, including but not
limited to patient housing and monitoring. The recent improvements in patient monitoring
have led to a rise in the use of self-diagnosis techniques and telemedicine in hospitals
and people’s homes. The increasing storage capacity necessitates the development of
uniform data architectures across all devices. Most non-hospital applications of patient
monitoring equipment and technologies focus on the care of the elderly and those with
long-term diseases.

8.2. Healthcare Information Technology

In hospitals, data are captured not via manual registration but through self-diagnosing
technology; it will be difficult to maintain such a huge record. This is because of the large
size of the data. In addition, given that the purpose of telemedicine is to link medical
experts and patients from different parts of the globe, it is necessary to develop a universal
record system that can be used by all institutions participating in the practice.

The up-and-coming technology uses big data analytics in conjunction with neural
networks to efficiently maintain and retrieve electronic medical information. The current
trend of using AI in the process of systematizing the retrieval and analysis of data offers
a solution to the challenges presented by medical operations. As a result of research
indicating that physicians spend fifty per cent of their time on electronic health records
and desk work, Remedy was developed. This technology streamlines the patient intake
procedure by substituting the traditional method of taking a patient’s vitals with a chat-
based questionnaire, storing the data, and alerting the attending physician. The patient
and medical personnel can communicate more effectively thanks to this method. Because
of this, it is now possible to immediately deliver prescriptions and other information to the
patient, who may even provide images or videos for assessment. This makes the process
much quicker [56].

The use of cloud computing as a solution to problems with electronic infrastructure,
such as the limited bandwidth available in certain regions and the complexity of the
installation process, is another trend in the development of patient monitoring. By using
the services in data centers and utilizing distant servers to store and handle the information,
this innovation intends to make gathering and disseminating patient information more
efficient. This concept has been used in a research project titled “A Cloud Computing Based
Telemedicine Service” to increase the rate at which medical assessments are performed
through the transmission of ECG wave signals to a diverse number of locations, including
a mobile phone, by way of the cloud. The “traditional healthcare information system
architecture and developing eHealth consumer electronics technology” may be linked via
cloud computing, which is another use of this technology. The use of cloud computing in
this situation will result in an improved capacity for transactional processing and enhanced
speed when retrieving data. Not only will this be important for data processing and
collaboration, but it will also be important for the widespread application of an automated
system in facilities throughout the region. This can be a step toward standardizing medical
information and records throughout areas, and it can be a step in the right direction.
Because of this, the processes involved in telemedicine will be completed more quickly,
and the new programs will be implemented more consistently [57].

Since telemedicine relies on wireless connections and the constant transfer of patient
information, there was a potential risk to patient privacy and confidentiality. This was one
of several factors making some medical facilities wary about telemedicine. There remains
more to be achieved in the field of data security utilizing wavelet-based watermarking,
despite the fact that various studies using image processing and AI have offered techniques
for doing so. The results of this study, which was conducted in India, suggest using an algo-
rithm for the digital watermarking of medical pictures to safeguard patient confidentiality.
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Incorporating authentication and evaluating the demonstration of the device’s capabilities
into device-to-device interactions make for a secure mode of transmission.

Even though telemedicine has the potential to reduce the number of in-person hospital
visits, these trips are nevertheless often required. When faced with such circumstances,
AI can aid in lowering the time patients are required to wait before being seen and in
ensuring that patients are treated as quickly as feasible. The artificial intelligence system
provides members of staff with up-to-date information on the influx of patients visiting
the hospital, high-priority cases, the need for more beds, and other aspects of patient
care. As a direct result of the initiative, the medical facility’s ability to treat patients with
complex medical conditions has increased by around sixty per cent. In addition, the
effectiveness of ambulance services has increased, which has resulted in ambulances being
sent one hour sooner. Patients in the emergency department may also be given a bed up
to thirty per cent quicker in certain places thanks to artificial intelligence and predictive
analytics. As telemedicine and telehealth gain in popularity, the role of artificial intelligence
(AI) in the industry will grow significantly. Healthcare workers will benefit greatly from
incorporating AI into telehealth applications. Decreasing patient wait times, advising on
the best treatment options, and, most importantly, making healthcare available 24 h a day,
7 days a week will help cut costs, deliver better healthcare to people, and enhance the work
environment. Better healthcare for the public is another benefit.

8.3. Intelligent Assistance

Healthcare delivery through telemedicine is another area where AI is being used.
Healthcare, including medical treatment, may now be provided to patients over great
distances because of advancements in telemedicine. Patients in rural locations or those
with mobility issues may benefit from this care delivery. Artificial intelligence (AI) is being
utilized in telemedicine, for instance, to provide doctors with instantaneous feedback.
Machine learning algorithms are used to examine patient data and draw conclusions that
may be used to enhance medical treatment. Teladoc is a service that connects patients with
physicians via video conferencing and utilizes machine learning to provide clinicians with
immediate feedback during in-person appointments. Automatic reminders are another
way that AI is being utilized in telemedicine. Machine learning techniques are used to
examine patient records to achieve this goal.

The incorporation of mechanical aids and the intelligent use of medical data and
findings are two major current trends in robotic technology. Both aspects are designed to
benefit the present healthcare system by helping patients in some way, either physically or
through studying the initial medical assessment. Neural networks and machine learning
may be used algorithmically to make these instruments functional. Because of this, the
technology may learn from its inputs and improve over time. Self-diagnosis technologies
in telehealth are already under development, with a variety of software and smartphone
apps on the horizon [58].

As is typical for the industry, self-diagnosing software and gadgets have emerged for
rapid assessments of vital signs, including pulse, heart rate, and respiration. For example, a
new firm, named Lemonaid Health, has created an AI model for screening and evaluating
patients based on their responses to a questionnaire and their satisfaction with a few
conditions. After the initial evaluation, the patient will be assigned to a certain group. After
determining the best course of action, doctors may provide telephone consultations or
arrange for direct prescription delivery, depending on the circumstances. Carbon Health has
also designed a chatbot-based triage evaluation method. A consultation will be scheduled
if necessary. The program will keep an eye on medication compliance and the emergence
of new symptoms [59].

Wireless telemedicine applications may also be used in emergency circumstances, such
as when an ambulance has to share its patient’s medical records with a hospital or clinic
nearby to work together to provide the patient with prompt, high-quality treatment [59]
(Figure 2).
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9. Role of Healthcare 4.0 in Telemedicine

Healthcare 4.0, often known as the fourth healthcare revolution, is the actualization of
the idea of speeding up medical innovation while simultaneously enhancing the effective-
ness of patient care. Healthcare 4.0 describes the recent advancements in medicine made
possible by automation, management, and data processing [60]. The term “healthcare 4.0”
refers to the increased integration of cyber and physical components and the connectivity
solutions made possible by cutting-edge information and communication technologies such
as big data, the Internet of Things (IoT), and cloud computing. The healthcare 4.0 systems
combine these technologies and promise to provide truly individualized healthcare to pa-
tients, doctors, and carers in real time. There has been a rise in interest in using engineering
methods to deliver healthcare services throughout the globe in the aftermath of significant
developments in medical equipment, clinical advancements, and data analytics. These
technological advances have presented enormous opportunities and severe challenges to
the healthcare industry [61].

Specifically, healthcare 4.0 facilitates the shift from a hospital-centered to a patient-
centered system, whereby many departments, roles, and duties are combined to provide the
best possible healthcare results for individual patients. Healthcare 4.0 improves upon the
capabilities of the conventional medical system, which in turn aids in strategizing support
for the distant provision of high-quality treatment. Healthcare 4.0 aspires to improve the
quality of care provided to patients and health promotion, cost management, and clinician
happiness. Accessing data from anywhere is a crucial feature of this approach, which also
involves deploying computing power for data management. Those parts of our society that
have begun to embrace these technological breakthroughs stand to benefit significantly
from these dramatic shifts [62].

Some healthcare 4.0-promoting innovations are given in the Table 3.

Table 3. Principal promoting innovations for healthcare 4.0.

Technology Features

Telemedicine Medical assistance can be provided to remote areas using this technology [63].

Biosensors Sensors can be used to detect viruses and diseases. Temperature and other
symptoms of patient can be measured.

Robotics
Robotics is used to scan patients. It reduced risk for patients, doctors, and
healthcare faculty. Provides critical and non-critical services according to
requirements [64].

Bioactuators Performs various functions of patient’s beds, chairs, and tables. Changes the
accessories according to patient’s needs [61].
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Open Innovation in Telehealth

One industry that may gain from open innovation is healthcare. Around 12.8 percent
of the world’s economy is devoted to healthcare, making it one of the largest users of human
information systems in the service of problem-solving. When applied to the healthcare
industry, open innovation can boost the quality and quantity of ideas, help solve problems
more quickly, save money, reduce risk, motivate workers, encourage new perspectives, and
boost a company’s reputation. The delivery of both online and in-person medical care is
one area that could use some help from the open innovation movement. Ninety percent of
healthcare executives have developed or implemented a telehealth program within their
organization as a result of the COVID-19 pandemic. As the COVID-19 pandemic subsides,
however, a hybrid in-person/remote model of telehealth visits may emerge [65].

10. Discussion: Issues and Considerations

AI has a lot of promise for expanding access to healthcare via telehealth solutions, but
we must think about the social and ethical repercussions before we accept it. AI and other
technology breakthroughs in the healthcare industry will change many facets of healthcare
delivery, including processes, communication, access to medicines, and relationships
between physicians and patients. Instead of focusing on developing cutting-edge AI
tools and algorithms, we should be developing means of incorporating AI into daily life,
since this is where the “last mile” issue most often originates. This implementation is the
“last mile” of any project. Medical informaticians have been looking at HIT-related UICs
for a while now. These UICs occur not necessarily as a result of negligence on the side
of system designers, but rather as a result of our failure to anticipate the emergence of
novel forms of connection and communication as a result of the widespread use of HIT.
Optimism and hope for the future of AI-enabled telehealth will inevitably peak, followed
by disappointment and fear as the field matures. Rapid progress toward peace should be
our top priority. This essay will highlight four important social and ethical considerations
that should be made before deploying telemedicine assisted by artificial intelligence.

While telemedicine has the potential to improve healthcare in many ways, it also
comes with certain risks. Dismantling the wall between doctors and their patients, ex-
amining how doctors talk to one another, addressing worries about the quality of health
data, and overcoming organizational and legal barriers are all essential to the successful
implementation of telemedicine.

There has been a rise in interest in mobile devices, cloud computing, internet net-
working, and wearable technology among academics, businesspeople, and consumers.
Academics and professionals in the healthcare industry are now functioning in a digital
ecosystem. This ecosystem consists of technologies that are simple to install, have a loose
coupling between them, and provide effective care delivery and monitoring capabilities.
Nevertheless, there are many obstacles to overcome to protect the privacy of persons and
the confidentiality of their information.

Concerns have been expressed about the ethical and contextual implications of data
sharing, particularly the absence of uniform privacy standards. Methods for enhancing
health data sharing and linking, as well as a consensus on data governance, are urgently
required. The European Union’s General Data Protection Regulation is one example of a
comprehensive piece of law that has started to address this issue, but additional tailored
solutions, such as the voluntary privacy regulation for mobile health apps, are needed.
Recent ethical studies have also shown that users need to consider the full scope of their
results before acting.

Lack of control, suboptimal benefits for information producers or administrators,
unfair advantages resulting from a more advanced technological background, and technical
questions related to data consistency, interoperability, and misinterpretation risks are
just a few of the difficulties that plague Africa’s data exchange. It is generally accepted
that most of the technical issues have been handled. In regions such as Africa, where
there is a possibility that data exchange needs to be maximized, there needs to be more
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documentation of problems relating to worry, danger, and insecurity. Ethical issues are also
acknowledged or dealt with less often in these nations.

Sometimes there are gaps in the official data-sharing norms, and others could be
more precise and consistent. There is only sometimes a good control or definition of the
balance that should exist between making data available, protecting individuals’ right to
privacy, and safeguarding the intellectual, time, and monetary contributions made by public
health staff.

Advocates for public health research will not stop pushing for change and developing
mechanisms for data sharing. However, the obstacles responsible for the lack of data
sharing have yet to be sufficiently examined. Lack of financing, employment routes that
underestimate the importance of crucial data-processing skills, and systems that promote
research are considered. In addition, certain logistical issues need to be answered, such as:

1. How and where may long-term data be stored?
2. Where may data be stored?
3. Who will regulate access?
4. Who will pay for these services?

The rules now in place for metadata need to be relaxed to make health information
more readily available.

The expense involved in putting telemedicine programs and equipment into action is
one of the most significant obstacles in the way. It is inevitable that healthcare institutions,
such as hospitals, would have to invest in installing and training new technology, despite
efforts to develop more cost-effective cost models. Moreover, there is an issue with the
availability or speed of the connection, which hinders efforts to build a system for the
rapid and dependable transmission of high-quality telemedicine data. Changes to the
infrastructure may be required, which may be challenging in any setting, but especially
in remote or poorly equipped areas. There is a lot of potential for future directions of
artificial intelligence in healthcare information because there are concerns about protecting
the secrecy and security of telemedicine consultations and operations. Under the subject of
healthcare IT, it was mentioned that there is still a security and privacy risk. Studies that
intend to solve this issue have yet to be thoroughly polished, and it may still take some
time before their use in real telemedicine technology. The risk of malpractice, which occurs
with other medical procedures and equipment, is another concern. This risk has led to the
mandated need for training and licensing to use telemedicine devices correctly. Because of
the increased cost and length of time required, this may discourage facilities from putting
the plan into action. Patients’ consistency and preferences might be negatively impacted by
unprofessional medical care and a lack of understanding, which can result in disdain for
the use of or advancement in technology.

While AI and other forms of technology may improve access to and delivery of
services, it also has the potential to widen the gap between those who have and those
who do not. People who live in rural and distant locations and underdeveloped nations
are some of the populations who benefit the most from implementing healthcare delivery
systems enabled by technological advances. There are many different kinds of people in
the world. While some cultures have mastered the art of using technology, others have yet
to do so. Those who are expected to reap the most benefits from telehealth innovations,
such as the elderly and the gravely ill, may not be as tech savvy as others. In order to
ensure that all of our citizens have access to high-quality, patient-centered care, it is our
responsibility to ensure that the use of artificial intelligence does not further the digital
divide. There is an old adage that “health information technology adoption is a journey,
not a destination,” but as healthcare continues to be digitized at unprecedented speeds,
this is truer than ever before. We have no choice but to accept the idea of AI if we want
to create a healthcare system capable of continuous improvement. However, we must
take a practical approach to develop and distribute AI-enhanced instruments. People are
the first and foremost consideration when providing medical treatment. AI technologies
will revolutionize the way interactions take place between various actors in the healthcare
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system. We need to ensure that these tools’ primary emphasis is on outcomes such as the
emancipation of patients and the prevention of burnout among providers.

Telehealth has become an essential part of healthcare delivery, particularly in recent
years as a result of the COVID-19 pandemic. Telehealth organizations are experienc-
ing an increased demand for remote healthcare services, and they are turning to artifi-
cial intelligence (AI) to provide innovative solutions that improve patient outcomes and
increase efficiency.

One of the main issues in telehealth organizations is ensuring the privacy and security
of patient data. Telehealth services are delivered through remote communication channels,
such as video conferencing and messaging, which can be vulnerable to cyber-attacks. AI
can play a crucial role in securing these communication channels by providing end-to-end
encryption, multi-factor authentication, and other cybersecurity measures.

Another consideration in telehealth organizations is ensuring equitable access to
healthcare services. AI-powered telehealth solutions can help to reduce barriers to health-
care access, particularly for underserved populations. For example, AI algorithms can
analyze patient data to predict health outcomes and identify potential health issues before
they become more severe, which can help to improve patient outcomes and reduce the
need for expensive medical procedures. However, the use of AI in telehealth also raises
ethical concerns, particularly around issues such as bias, transparency, and accountability.
AI algorithms are only as unbiased as the data that they are trained on, and there is a risk
that biased datasets can result in biased healthcare outcomes. Furthermore, the use of
AI in healthcare can lead to concerns around accountability, particularly if the AI system
makes a mistake or fails to detect a potential health issue. Despite these challenges, AI-
powered telehealth solutions offer enormous potential for improving healthcare outcomes
and increasing efficiency. Recent studies have shown that AI-powered telehealth solutions
can improve the accuracy of diagnostic assessments, increase the speed of treatment, and
reduce the cost of healthcare delivery [49,66,67].

In conclusion, telehealth organizations are facing a range of issues and considerations
when implementing AI-powered solutions. Privacy and security, equitable access to health-
care services, and ethical concerns around bias, transparency, and accountability are all
key areas that need to be addressed. However, with careful planning and consideration,
AI-powered telehealth solutions can improve patient outcomes and increase efficiency,
making them an important tool for the future of healthcare delivery.

11. Future Considerations for AI in Telehealth: Research Perspectives

Artificial intelligence (AI) is expected to revolutionize the field of telehealth by pro-
viding innovative solutions that can enhance the quality of care and improve patient
outcomes. As we continue to develop new AI-powered telehealth solutions, there are
several important future considerations that need to be taken into account.

One key area for future research is the development of AI-powered diagnostic tools.
Currently, many telehealth services rely on video conferencing to provide remote con-
sultations with healthcare providers. However, AI-powered diagnostic tools have the
potential to take telehealth to the next level by providing accurate and reliable diagnoses
without the need for in-person consultations. For example, AI algorithms could be trained
to analyze patient data such as medical images, lab test results, and vital signs to provide a
diagnosis. This would greatly enhance the accessibility and efficiency of telehealth services,
particularly in areas where there is a shortage of healthcare providers.

Another future consideration for AI in telehealth is the need for standardized data
collection and analysis. In order for AI algorithms to be effective, they require large volumes
of high-quality data to be trained on. However, the quality of data in healthcare can vary
greatly, and there is a risk that AI algorithms could be trained on biased or incomplete
datasets. Standardized data collection and analysis protocols can help to address these
issues by ensuring that data are collected in a consistent and reliable manner, and that
datasets are representative of diverse patient populations.
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Additionally, ethical considerations around the use of AI in telehealth will continue to
be a focus of future research. One of the key ethical concerns with AI is the potential for
bias. AI algorithms are only as unbiased as the data they are trained on, and there is a risk
that biased datasets can result in biased healthcare outcomes. Future research should focus
on developing AI algorithms that are more transparent and explainable, so that patients
and healthcare providers can better understand how AI-powered telehealth solutions are
making healthcare decisions.

Another ethical consideration is the potential for AI-powered telehealth solutions
to exacerbate existing healthcare disparities. For example, AI algorithms may be less
accurate when diagnosing certain health conditions in underrepresented populations.
Future research should aim to address these disparities by ensuring that AI algorithms
are trained on diverse datasets that are representative of all patient populations [68–70].
Finally, there is a need for ongoing evaluation of the effectiveness of AI-powered telehealth
solutions. While there is great potential for AI to improve healthcare outcomes and increase
efficiency, it is important to ensure that these solutions are actually delivering on these
promises. Future research should aim to evaluate the impact of AI-powered telehealth
solutions on patient outcomes, healthcare costs, and healthcare provider satisfaction.

Another important area for future research is the development of AI-powered predic-
tive models. These models can be used to identify patients who are at risk of developing
certain health conditions, allowing healthcare providers to intervene early and prevent the
onset of disease. For example, AI algorithms can be used to analyze patient data such as
lifestyle factors, medical history, and genetics to identify patients who are at risk of devel-
oping conditions such as diabetes, heart disease, or cancer. By identifying these patients
early, healthcare providers can take proactive measures to prevent the onset of disease
and improve patient outcomes. In addition to predictive models, there is also potential
for AI-powered virtual assistants to improve the patient experience in telehealth. Virtual
assistants can be used to answer patient questions, provide basic medical advice, and even
assist with scheduling appointments. By leveraging AI technology, virtual assistants can
provide personalized and efficient support to patients, freeing up healthcare providers to
focus on more complex tasks. However, it is important to ensure that virtual assistants are
designed with patient privacy and security in mind, and that patients are fully informed
about the role of AI in their care [50,71].

In conclusion, the development of AI-powered telehealth solutions has the poten-
tial to transform the way healthcare is delivered. However, as we continue to develop
these solutions, it is important to take into account key future considerations such as the
development of AI-powered diagnostic tools, standardized data collection and analysis,
ethical considerations around bias and healthcare disparities, and ongoing evaluation of
effectiveness. By doing so, we can ensure that AI-powered telehealth solutions are able to
deliver on their promise of improving healthcare outcomes and increasing efficiency.

12. Conclusions

In light of what has been said thus far, AI-enabled telehealth may make useful contri-
butions in the form of quality enhancements to established practice and the introduction of
novel approaches to medical treatment. We explored many facets of telehealth, including
teleassessment, telediagnosis, tele-interactions, and telemonitoring. Expanded use will
need further research into foundational algorithms and technique validation.

Computer intelligence is now at an advanced stage of development, and it has the
potential to vastly improve upon both human processes and already existing technologies.
This article highlights the significance of this technology’s use in the medical profession
and discusses the many areas in which it has proven useful. Because of its adaptability and
vast growth potential, telemedicine already has a profound influence. However, certain
problems must yet be fixed. Telemedicine has caught up with the times in terms of the use
of AI.
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As AI-enabled telemedicine grows more widespread, it is important to consider a
number of social and ethical implications. In contrast to humans, artificial intelligence
systems never lack desire or drive; yet, in the absence of emotions, such systems lack the
capacity to evaluate the morality of actions and the repercussions thereof. Continuous
testing and improvement are necessary to advance human–AI interaction since most AI
technologies need a lengthy learning period that can only attain dependability after a very
long time. Controlling telehealth services is especially challenging since certain parts of
the service delivery infrastructure may only include a person sometimes. If anything goes
wrong in such a situation, society will have to figure out who to punish (Table 4).

Table 4. Comparison of the literature and current study based on AI Telehealth [72].

Role of Artificial Intelligence within the
Telehealth Domain Current Paper

The telehealth domain is experiencing
significant growth due to advancements in
technology and the need for remote
healthcare services.

Artificial intelligence (AI) has entered the
mainstream as computing power has improved.
The healthcare industry is undergoing dramatic
transformations at present.

Artificial intelligence (AI) has the potential
to greatly enhance telehealth by improving
diagnostic accuracy, facilitating remote
monitoring, and enabling
personalized medicine.

Artificial intelligence (AI) has been rapidly
expanding into the healthcare industry, and
telehealth is no exception. Telehealth refers to the
use of technology to deliver remote healthcare
services, including diagnosis, treatment,
and monitoring.

AI algorithms can help to identify patterns
in large datasets, which can be used to
develop predictive models for patient
outcomes and optimize treatment plans.

Healthcare 4.0 aspires to improve the quality of
care provided to patients and health promotion,
cost management, and clinician happiness.
Accessing data from anywhere is a crucial feature
of this approach, which also involves deploying
computing power for data management.

Natural language processing (NLP) and
machine learning (ML) can be used to
analyse unstructured data, such as
electronic health records and patient notes,
to identify potential health risks, and
provide personalized care.

AI could be utilized to aid physicians in
diagnosing and treating patients, as well as to
prevent professional burnout and enhance the
overall patient experience. These applications
could also be used to improve the overall
patient experience.

AI-enabled chatbots and virtual assistants
can provide 24/7 support for patients,
answering questions and providing
guidance on treatment options.

Chatbots and virtual assistants can help patients
access healthcare resources and provide basic
medical advice. These tools can also help
healthcare providers manage their workflows,
such as scheduling appointments and reminding
patients to take their medication.

However, there are several challenges that
need to be addressed in the
implementation of AI in telehealth, such as
data privacy concerns, ethical
considerations, and the need for healthcare
professionals to be trained in AI.

AI has a lot of promise for expanding access to
healthcare via telehealth solutions, but we must
think about the social and ethical repercussions
before we accept it. AI and other technology
breakthroughs in the healthcare industry will
change many facets of healthcare delivery,
including processes, communication, access to
medicines, and relationships between physicians
and patients.

Author Contributions: Conceptualization, A.A. and P.K.; methodology, A.A.; validation, A.A.;
formal analysis, A.A.; investigation, A.A.; data curation, A.A.; writing—original draft preparation,
A.A.; writing—review and editing, A.A., P.K. and G.F.; visualization, P.K.; supervision, P.K. and G.F.
All authors have read and agreed to the published version of the manuscript.

Funding: This research is sponsored by national funds through FCT—Fundação para a Ciência e a
Tecnologia, under the project UIDB/00285/2020 and LA/P/0112/2020.



Sustainability 2023, 15, 6655 22 of 24

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The Authors would like to acknowledge the Faculty of Organization and Man-
agement, Silesian University of Technology Roosevelta 26, 41-800 Zabrze to support the publication.
and Ayesha Amjad want to express the gratitude to her family for their unfailing support and pa-
tience while she was writing. Even during the most trying period, their inspiration and support kept
her going.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Fernandez-Marcelo, P. Telehealth and eMedicine; Presentation, National Telehealth Center: Manila, Philippines, 2013.
2. WHO. Telemedicine: Opportunities and Developments in Member States: Report on the Second Global Survey on eHealth. Global

Observatory for eHealth Series 2; WHO: Geneva, Switzerland, 2010.
3. Raghupathi, W.; Raghupathi, V. Big data analytics in healthcare: Promise and potential. Heal. Inf. Sci. Syst. 2014, 2, 3. [CrossRef]

[PubMed]
4. Bates, D.W.; Saria, S.; Ohno-Machado, L.; Shah, A.; Escobar, G. Big data in health care: Using analytics to identify and manage

high-risk and high-cost patients. Health Aff. 2014, 33, 1123–1131. [CrossRef] [PubMed]
5. Kayyali, B.; Knott, D.; Van Kuiken, S. The big-data revolution in US health care: Accelerating value and innovation. Mc Kinsey Co.

2013, 2, 1–13.
6. Mohammed, E.A.; Far, B.H.; Naugler, C. Applications of the MapReduce programming framework to clinical big data analysis:

Current landscape and future trends. BioData Min. 2014, 7, 22. [CrossRef] [PubMed]
7. Wang, Y.; Hajli, N. Exploring the path to big data analytics success in healthcare. J. Bus. Res. 2017, 70, 287–299. [CrossRef]
8. Maglogiannis, I.G.; Karpouzis, K.; Wallace, M. Image and signal processing for networked e-health applications. Synth. Lect.

Biomed. Eng. 2005, 1, 1–108.
9. Tranfield, D.; Denyer, D.; Smart, P. Towards a methodology for developing evidence-informed management knowledge by means

of systematic review. Br. J. Manag. 2003, 14, 207–222. [CrossRef]
10. Wilson, L.S.; Maeder, A.J. Recent directions in telemedicine: Review of trends in research and practice. Healthc. Inform. Res. 2015,

21, 213–222. [CrossRef]
11. Portnoy, J.; Waller, M.; Elliott, T. Telemedicine in the era of COVID-19. J. Allergy Clin. Immunol. Pract. 2020, 8, 1489–1491.

[CrossRef]
12. Pacis, D.M.M.; Subido, E.D., Jr.; Bugtai, N.T. Trends in telemedicine utilizing artificial intelligence. AIP Conf. Proc. 2018,

1933, 040009.
13. McCarthy, J.; Minsky, M.L.; Rochester, N.; Shannon, C.E. A proposal for the dartmouth summer research project on artificial

intelligence, august 31, 1955. AI Mag. 2006, 27, 12–14.
14. LeCun, Y.; Bengio, Y.; Hinton, G. Deep learning. Nature 2015, 521, 436–444. [CrossRef] [PubMed]
15. Hassani, H.; Silva, E.S.; Unger, S.; TajMazinani, M.; Mac Feely, S. Artificial intelligence (AI) or intelligence augmentation (IA):

What is the future? Ai 2020, 1, 8. [CrossRef]
16. Morioka, M.; Inaba, S.I.; Kureha, M.; Zárdai, I.Z.; Kukita, M.; Okamoto, S.; Murakami, Y.; Muireartaigh, R.Ó. Artificial Intelligence,

Robots, and Philosophy. J. Philos. Life 2023.
17. Cuzzolin, F.; Morelli, A.; Cirstea, B.; Sahakian, B.J. Knowing me, knowing you: Theory of mind in AI. Psychol. Med. 2020, 50,

1057–1061. [CrossRef] [PubMed]
18. Zirar, A.; Ali, S.I.; Islam, N. Worker and workplace Artificial Intelligence (AI) coexistence: Emerging themes and research agenda.

Technovation 2023, 124, 102747. [CrossRef]
19. Chatila, R.; Renaudo, E.; Andries, M.; Chavez-Garcia, R.-O.; Luce-Vayrac, P.; Gottstein, R.; Alami, R.; Clodic, A.; Devin, S.; Girard,

B.; et al. Toward self-aware robots. Front. Robot. AI 2018, 5, 88. [CrossRef]
20. PRivoltella, P.C. The third age of the media. Res. Educ. Media 2018, 10, 1–2. [CrossRef]
21. Zhang, C.; Lu, Y. Study on artificial intelligence: The state of the art and future prospects. J. Ind. Inf. Integr. 2021, 23, 100224.

[CrossRef]
22. Reddy, P.P. Artificial Superintelligence: An AI That Makes Better AI’s Recursively. EasyChair Preprint No. 4077. 2020. Available

online: https://easychair.org/publications/preprint/BHDQ (accessed on 25 January 2023).
23. Zhang, Y.; Balochian, S.; Agarwal, P.; Bhatnagar, V.; Housheya, O.J. Artificial intelligence and its applications 2014. Math. Probl.

Eng. 2016, 2016, 1–6. [CrossRef]
24. Kamel Boulos, M.N.; Peng, G.; VoPham, T. An overview of GeoAI applications in health and healthcare. Int. J. Health Geogr. 2019,

18, 1–9. [CrossRef]

https://doi.org/10.1186/2047-2501-2-3
https://www.ncbi.nlm.nih.gov/pubmed/25825667
https://doi.org/10.1377/hlthaff.2014.0041
https://www.ncbi.nlm.nih.gov/pubmed/25006137
https://doi.org/10.1186/1756-0381-7-22
https://www.ncbi.nlm.nih.gov/pubmed/25383096
https://doi.org/10.1016/j.jbusres.2016.08.002
https://doi.org/10.1111/1467-8551.00375
https://doi.org/10.4258/hir.2015.21.4.213
https://doi.org/10.1016/j.jaip.2020.03.008
https://doi.org/10.1038/nature14539
https://www.ncbi.nlm.nih.gov/pubmed/26017442
https://doi.org/10.3390/ai1020008
https://doi.org/10.1017/S0033291720000835
https://www.ncbi.nlm.nih.gov/pubmed/32375908
https://doi.org/10.1016/j.technovation.2023.102747
https://doi.org/10.3389/frobt.2018.00088
https://doi.org/10.1515/rem-2018-0001
https://doi.org/10.1016/j.jii.2021.100224
https://easychair.org/publications/preprint/BHDQ
https://doi.org/10.1155/2016/3871575
https://doi.org/10.1186/s12942-019-0171-2


Sustainability 2023, 15, 6655 23 of 24

25. Hendy, J.; Chrysanthaki, T.; Barlow, J.; Knapp, M.; Rogers, A.; Sanders, C.; Bower, P.; Bowen, P.; Fitzpatrick, R.; Bardsley, M.; et al.
An organisational analysis of the implementation of telecare and telehealth: The whole systems demonstrator. BMC Health Serv.
Res. 2012, 12, 403. [CrossRef] [PubMed]

26. Barak, A.; Klein, B.; Proudfoot, J.G. Defining internet-supported therapeutic interventions. Ann. Behav. Med. 2009, 38, 4–17.
[CrossRef] [PubMed]

27. Weizenbaum, J. ELIZA—A computer program for the study of natural language communication between man and machine.
Commun. ACM 1966, 9, 36–45. [CrossRef]

28. Klopfenstein, L.C.; Delpriori, S.; Malatini, S.; Bogliolo, A. The rise of bots: A survey of conversational interfaces, patterns,
and paradigms. In Proceedings of the 2017 Conference on Designing Interactive Systems, Edinburgh, UK, 10–14 June 2017;
pp. 555–565.

29. Lisetti, C.; Amini, R.; Yasavur, U. Now all together: Overview of virtual health assistants emulating face-to-face health interview
experience. KI-Künstliche Intell. 2015, 29, 161–172. [CrossRef]

30. Yaghoubzadeh, R.; Kramer, M.; Pitsch, K.; Kopp, S. Virtual agents as daily assistants for elderly or cognitively impaired people:
Studies on acceptance and interaction feasibility. In Proceedings of the Intelligent Virtual Agents: 13th International Conference,
IVA 2013, Edinburgh, UK, 29–31 August 2013; Springer: Berlin/Heidelberg, Germany, 2013; pp. 79–91.

31. Bickmore, T.W.; Utami, D.; Matsuyama, R.; Paasche-Orlow, M.K. Improving access to online health information with conversa-
tional agents: A randomized controlled experiment. J. Med. Internet Res. 2016, 18, e1. [CrossRef]

32. Shaked, N.A. Avatars and virtual agents–relationship interfaces for the elderly. Healthc. Technol. Lett. 2017, 4, 83–87. [CrossRef]
33. Riccardi, G. Towards healthcare personal agents. In Proceedings of the 2014 Workshop on Roadmapping the Future of Multimodal

Interaction Research Including Business Opportunities and Challenges, Istanbul, Turkey, 16 November 2014; pp. 53–56.
34. Nangalia, V.; Prytherch, D.R.; Smith, G.B. Health technology assessment review: Remote monitoring of vital signs-current status

and future challenges. Crit. Care 2010, 14, 233. [CrossRef]
35. Inglis, S.C.; Clark, R.A.; McAlister, F.A.; Stewart, S.; Cleland, J.G. Which components of heart failure programmes are effective? A

systematic review and meta-analysis of the outcomes of structured telephone support or telemonitoring as the primary component
of chronic heart failure management in 8323 patients: Abridged Cochrane Review. Eur. J. Heart Fail. 2011, 13, 1028–1040.

36. Das, T.; Raman, R.; Ramasamy, K.; Rani, P.K. Telemedicine in diabetic retinopathy: Current status and future directions. Middle
East Afr. J. Ophthalmol. 2015, 22, 174–178. [CrossRef]

37. Bolton, C.E.; Waters, C.S.; Peirce, S.; Elwyn, G. Insufficient evidence of benefit: A systematic review of home telemonitoring for
COPD. J. Eval. Clin. Pract. 2011, 17, 1216–1222. [CrossRef]

38. Polisena, J.; Tran, K.; Cimon, K.; Hutton, B.; McGill, S.; Palmer, K. Home telehealth for diabetes management: A systematic review
and meta-analysis. Diabetes Obes. Metab. 2009, 11, 913–930. [CrossRef] [PubMed]

39. Mohktar, M.S.; Redmond, S.J.; Antoniades, N.C.; Rochford, P.D.; Pretto, J.J.; Basilakis, J.; Lovell, N.H.; McDonald, C.F. Predicting
the risk of exacerbation in patients with chronic obstructive pulmonary disease using home telehealth measurement data. Artif.
Intell. Med. 2015, 63, 51–59. [CrossRef]

40. Loh, E. Medicine and the rise of the robots: A qualitative review of recent advances of artificial intelligence in health. BMJ Lead.
2018, 1–5. [CrossRef]

41. McDonald, C.J.; Overhage, J.M.; Mamlin, B.W.; Dexter, P.D.; Tierney, W.M. Physicians, information technology, and health care
systems: A journey, not a destination. J. Am. Med. Inform. Assoc. 2004, 11, 121–124. [CrossRef]

42. Friedman, C.; Rubin, J.; Brown, J.; Buntin, M.; Corn, M.; Etheredge, L.; Gunter, C.; Musen, M.; Platt, R.; Stead, W.; et al. Toward a
science of learning systems: A research agenda for the high-functioning Learning Health System. J. Am. Med. Inform. Assoc. 2015,
22, 43–50. [CrossRef] [PubMed]

43. Epstein, R.M.; Fiscella, K.; Lesser, C.S.; Stange, K.C. Why the nation needs a policy push on patient-centered health care. Health
Aff. 2010, 29, 1489–1495. [CrossRef]

44. Russell, S.; Norvig, P. Artificial Intelligence: A Modern Approach; Pearson Education, Inc.: Harlow, UK, 2022.
45. Das, K.P.; Chandra, J. A survey on artificial intelligence for reducing the climate footprint in healthcare. Energy Nexus 2023,

9, 100167. [CrossRef]
46. Peterson, M.C.; Holbrook, J.H.; Von Hales, D.E.; Smith, N.L.; Staker, L.V. Contributions of the history, physical examination, and

laboratory investigation in making medical diagnoses. West. J. Med. 1992, 156, 163. [CrossRef]
47. Roshan, M.; Rao, A.P. A study on relative contributions of the history, physical examination and investigations in making medical

diagnosis. J. Assoc. Physicians India 2000, 48, 771–775.
48. Hoermann, S.; McCabe, K.L.; Milne, D.N.; Calvo, R.A. Application of synchronous text-based dialogue systems in mental health

interventions: Systematic review. J. Med. Internet Res. 2017, 19, e267. [CrossRef]
49. Grigsby, B.; Brega, A.G.; Bennett, R.E.; Delisle, T. Artificial intelligence in telehealth: Implications for nursing. J. Nurs. Regul. 2021,

12, 42–49.
50. Magrabi, F.; Ammenwerth, E.; McNair, J.; De Keizer, N. Editorial: Artificial intelligence in healthcare: Past, present, and future. J.

Am. Med. Inform. Assoc. 2020, 27, 354–355.
51. Laranjo, L.; Dunn, A.G.; Tong, H.L.; Kocaballi, A.B.; Chen, J.; Bashir, R.; Surian, D.; Gallego, B.; Magrabi, F.; Lau, A.Y.S.; et al.

Conversational agents in healthcare: A systematic review. J. Am. Med. Inform. Assoc. 2018, 25, 1248–1258. [CrossRef]

https://doi.org/10.1186/1472-6963-12-403
https://www.ncbi.nlm.nih.gov/pubmed/23153014
https://doi.org/10.1007/s12160-009-9130-7
https://www.ncbi.nlm.nih.gov/pubmed/19787305
https://doi.org/10.1145/365153.365168
https://doi.org/10.1007/s13218-015-0357-0
https://doi.org/10.2196/jmir.5239
https://doi.org/10.1049/htl.2017.0009
https://doi.org/10.1186/cc9208
https://doi.org/10.4103/0974-9233.154391
https://doi.org/10.1111/j.1365-2753.2010.01536.x
https://doi.org/10.1111/j.1463-1326.2009.01057.x
https://www.ncbi.nlm.nih.gov/pubmed/19531058
https://doi.org/10.1016/j.artmed.2014.12.003
https://doi.org/10.1136/leader-2018-000071
https://doi.org/10.1197/jamia.M1488
https://doi.org/10.1136/amiajnl-2014-002977
https://www.ncbi.nlm.nih.gov/pubmed/25342177
https://doi.org/10.1377/hlthaff.2009.0888
https://doi.org/10.1016/j.nexus.2022.100167
https://doi.org/10.1097/00006254-199210000-00013
https://doi.org/10.2196/jmir.7023
https://doi.org/10.1093/jamia/ocy072


Sustainability 2023, 15, 6655 24 of 24

52. Schumaker, R.P.; Ginsburg, M.; Chen, H.; Liu, Y. An evaluation of the chat and knowledge delivery components of a low-level
dialog system: The AZ-ALICE experiment. Decis. Support Syst. 2007, 42, 2236–2246. [CrossRef]

53. Mohktar, M.S.; Basilakis, J.; Redmond, S.J.; Lovell, N.H. A guideline-based decision support system for generating referral
recommendations from routinely recorded home telehealth measurement data. In Proceedings of the 2010 Annual Interna-
tional Conference of the IEEE Engineering in Medicine and Biology, Buenos Aires, Argentina, 31 August–4 September 2010;
pp. 6166–6169.

54. Khalaf, M.; Hussain, A.J.; Al-Jumeily, D.; Keenan, R.; Keight, R.; Fergus, P.; Idowu, I.O. Applied difference techniques of machine
learning algorithm and web-based management system for sickle cell disease. In Proceedings of the 2015 International Conference
on Developments of E-Systems Engineering (DeSE), Dubai, United Arab Emirates, 13–14 December 2015; IEEE: Piscataway, NJ,
USA, 2015; pp. 231–235.

55. Shaik, T.; Tao, X.; Higgins, N.; Li, L.; Gururajan, R.; Zhou, X.; Acharya, U.R. Remote patient monitoring using artificial intelligence:
Current state, applications, and challenges. Wiley Interdiscip. Rev. Data Min. Knowl. Discov. 2023, e1485. [CrossRef]

56. Garai, Á.; Adamkó, A. Comprehensive healthcare interoperability framework integrating telemedicine consumer electronics
with cloud architecture. In Proceedings of the 2017 IEEE 15th International Symposium on Applied Machine Intelligence and
Informatics (SAMI), Herl’any, Slovakia, 26–28 January 2017; IEEE: Piscataway, NJ, USA, 2017; pp. 000411–000416.

57. Ahmed Kamal, M.; Ismail, Z.; Shehata, I.M.; Djirar, S.; Talbot, N.C.; Ahmadzadeh, S.; Shekoohi, S.; Cornett, E.M.; Fox, C.J.; Kaye,
A.D. Telemedicine, E-Health, and Multi-Agent Systems for Chronic Pain Management. Clin. Pract. 2023, 13, 470–482. [CrossRef]
[PubMed]

58. Mukhopadhyay, A.; Raghunath, S.; Kruti, M. Feasibility and performance evaluation of VANET techniques to enhance real-time
emergency healthcare services. In Proceedings of the 2016 International Conference on Advances in Computing, Communications
and Informatics (ICACCI), Jaipur, India, 21–24 September 2016; IEEE: Piscataway, NJ, USA, 2016; pp. 2597–2603.

59. Lasi, H.; Fettke, P.; Kemper, H.G.; Feld, T.; Hoffmann, M. Industry 4.0. Bus. Inf. Syst. Eng. 2014, 6, 239–242. [CrossRef]
60. Thuemmler, C.; Bai, C. Health 4.0: Application of industry 4.0 design principles in future asthma management. In Health 4.0: How

Virtualization and Big Data are Revolutionizing Healthcare; Springer: Berlin/Heidelberg, Germany, 2017. [CrossRef]
61. Nino-Tapias, G.; Shaw, J.; Coutinho, A. Impact of the transition to telehealth on healthcare providers at a large, urban FQHC in

the early COVID-19 pandemic. Ann. Fam. Med. 2022, 20, 3262.
62. Shen, Y.T.; Chen, L.; Yue, W.W.; Xu, H.X. Digital technology-based telemedicine for the COVID-19 pandemic. Front. Med. 2021,

8, 646506. [CrossRef]
63. Chatterjee, P.; Tesis, A.; Cymberknop, L.J.; Armentano, R.L. Internet of things and artificial intelligence in healthcare during

COVID-19 pandemic—A south american perspective. Front. Public Health 2020, 8, 600213. [CrossRef]
64. Thuemmler, C.; Bai, C. (Eds.) Health 4.0: How Virtualization and Big Data Are Revolutionizing Healthcare; Springer International

Publishing: Cham, Switzerland, 2017; pp. 2168–2194.
65. Abdel-Basset, M.; Chang, V.; Nabeeh, N.A. An intelligent framework using disruptive technologies for COVID-19 analysis.

Technol. Forecast. Soc. Change 2021, 163, 120431. [CrossRef] [PubMed]
66. Gong, B.; Meng, J.; Jiang, Y. Applications of artificial intelligence in telehealth. J. Healthc. Eng. 2020, 2020, 1–6. [CrossRef]

[PubMed]
67. Suresh, G.; Devi, A.R. Artificial intelligence in telehealth: A review. J. Clin. Diagn. Res. JCDR 2021, 15, EM01–EM05.
68. Bui, N.T.; Sundaravadivel, P.; Subramanian, V. Artificial intelligence in healthcare: Past, present, and future. J. Med. Syst. 2021, 45,

1–14.
69. Cabitza, F.; Rasoini, R.; Gensini, G.F. Unintended consequences of machine learning in medicine. JAMA 2017, 318, 517–518.

[CrossRef] [PubMed]
70. Ghassemi, M.; Naumann, T.; Schulam, P.; Beam, A.L.; Chen, I.Y.; Ranganath, R.; Ossorio, P.N. Opportunities in machine learning

for healthcare ethics. Am. J. Bioeth. 2019, 19, 1–6.
71. Topol, E.J. High-performance medicine: The convergence of human and artificial intelligence. Nat. Med. 2019, 25, 44–54.

[CrossRef]
72. Kuziemsky, C.; Maeder, A.J.; John, O.; Gogia, S.B.; Basu, A.; Meher, S.; Ito, M. Role of Artificial Intelligence within the Telehealth

Domain. Yearb. Med. Informatics 2019, 28, 35–40. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.dss.2006.07.001
https://doi.org/10.1002/widm.1485
https://doi.org/10.3390/clinpract13020042
https://www.ncbi.nlm.nih.gov/pubmed/36961067
https://doi.org/10.1007/s12599-014-0334-4
https://doi.org/10.1007/978-3-319-47617-9_2
https://doi.org/10.3389/fmed.2021.646506
https://doi.org/10.3389/fpubh.2020.600213
https://doi.org/10.1016/j.techfore.2020.120431
https://www.ncbi.nlm.nih.gov/pubmed/33162617
https://doi.org/10.1155/2020/8829219
https://www.ncbi.nlm.nih.gov/pubmed/33299537
https://doi.org/10.1001/jama.2017.7797
https://www.ncbi.nlm.nih.gov/pubmed/28727867
https://doi.org/10.1038/s41591-018-0300-7
https://doi.org/10.1055/s-0039-1677897

	Introduction 
	Research Methodology 
	Planning the Review and Database Search 
	Conducting the Review 
	Reporting and Disseminating the Review 

	Telehealth in Healthcare 
	Why Artificial Intelligence Is Necessary 
	Concept of Artificial Intelligence 
	Artificial Intelligence, Telehealth, and Quality Improvement 
	Clinical Assessment and Evaluation 
	Telediagnosis of Clinical Conditions 

	Artificial Intelligence, Telehealth, and Models of Care 
	Conversational Agents and Virtual Assistants 
	Remote Patient Monitoring and Management 

	Trends of Artificial Intelligence in Telehealth 
	Patient Monitoring 
	Healthcare Information Technology 
	Intelligent Assistance 

	Role of Healthcare 4.0 in Telemedicine 
	Discussion: Issues and Considerations 
	Future Considerations for AI in Telehealth: Research Perspectives 
	Conclusions 
	References

