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Abstract: Healthcare is a critical field of research and equally important for all nations. Providing
secure healthcare facilities to citizens is the primary concern of each nation. However, people living in
remote areas do not get timely and sufficient healthcare facilities, even in developed countries. During
the recent COVID-19 pandemic, many fatalities occurred due to the inaccessibility of healthcare
facilities on time. Therefore, there is a need to propose a solution that may help citizens living
in remote areas with proper and secure healthcare facilities without moving to other places. The
revolution in ICT technologies, especially IoT, 5G, and cloud computing, has made access to healthcare
facilities easy and approachable. There is a need to benefit from these technologies so that everyone
can get secure healthcare facilities from anywhere. This research proposes a framework that will
ensure 24 /7 accessibility of healthcare facilities by anyone from anywhere, especially in rural areas
with fewer healthcare facilities. In the proposed approach, the patients will receive doorstep treatment
from the remote doctor in rural areas or the nearby local clinic. Healthcare resources (doctor, treatment,
patient counseling, diagnosis, etc.) will be shared remotely with people far from these facilities. The
proposed approach is tested using mathematical modeling and a case study, and the findings confirm
that the proposed approach helps improve healthcare facilities for remote patients.

Keywords: healthcare; pandemic; remote areas; IoT; 5G; cloud computing

1. Introduction

Access to healthcare facilities is challenging in rural areas of the country due to
constraints such as long distances to care sites, lack of secure telehealth services, travel sites,
staffing shortages, etc. According to [1-4], travel time to get specialist treatment for chronic
illnesses, including cardiovascular disease, chronic kidney disease (CKD), and cancer, may
increase morbidity and mortality in far-off places since it is a factor that can be changed to
improve results [5,6]. Even within a relatively limited geographic area, increased healthcare
consumption and superior outcomes are strongly correlated with shorter travel times to
healthcare services and the availability of such services at the nearest location. To enhance
service and healthcare outcomes for rural communities, careful planning is needed to
optimally locate future healthcare facilities [7,8].

In recent years, the death toll from heart disease, cancer, and stroke has decreased
in almost every country, but not uniformly between urban and rural regions, even in
industrialized nations such as the United States [9,10]. The rural-urban health gap in
the United States is widening as rural improvements slow or regress. As can be seen
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in Figure 1, the discrepancy between rural and urban America’s death rates has tripled
over the previous 20 years. The reasons for this gap include a lack of healthcare facilities
equipped to handle severe trauma emergencies in rural locations.
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Figure 1. Death rate disparity between urban and rural areas in the US [11].

Healthcare problems, especially pandemic situations such as COVID-19, may emerge
fortnightly without alarming and allowing time for preparation to fight against it glob-
ally [12]. These pandemics and other fatal healthcare problems always bring a higher level
of community losses in several aspects until the world reaches some conclusion to defeat
it. Emerging technologies, including 5G, the Internet of Things (I0T), cloud computing,
and artificial intelligence (AI), can help the community fight and provide the right ways
of treatment and timely availability of healthcare facilities [13]. This research plans to use
the emerging power of the mentioned technologies to improve remote healthcare facilities.
These technologies can benefit healthcare in the following way: improving healthcare facili-
ties and reaching patients remotely require more internet speed and bandwidth, which has
become possible with the emergence of 5G internet [14]. Furthermore, monitoring patients’
health remotely is now possible with the help of the latest ICT, especially IoT devices [15].
The massive amount of patients” data generated by IoT devices can also be easily stored
using cloud computing technology. This massive amount of data can be further reused for
various predictions using Al techniques [16]. IoT, cloud computing, 5G, and Al have made
healthcare more accessible and successful.

Considering the benefits of the above-mentioned technologies, this study leverages
the potential benefits of these technologies and proposes a framework to bridge the gap
between urban and rural areas. The explicit contribution of this research is as follows:

Examine the use cases of I0T, 5G, cloud computing, and Al in healthcare
Propose an approach to provide doorstep healthcare facilities to people living in
remote areas.

e  Design and develop a model based on IoT, cloud computing, 5G, and Al for the timely
accessibility of healthcare facilities by anyone and anywhere

e  Provide insight into making design strategies and policies to manage healthcare facilities

The above-stated points will be achieved by presenting an effective model using
the IoT, cloud computing, 5G, and Al since these technologies have already proved their
effectiveness in healthcare. The remaining paper is organized into five sections: Section 2
will provide the essential use cases of suggested cutting-edge technologies in healthcare and
a brief overview of existing literature to provide the current state of the art. Section 3 will
discuss the proposed methodology; Section 4 will evaluate the proposed methodology with



Appl. Sci. 2023, 13, 6479

30f16

Early detection & Diagnosis

Decision making
Associated care

Checking health using wearable ; ’/:”4

Robots assisted surgery
Connected machines
Fraud detection
Dosage error reduction

the help of mathematical modeling and a case study; and Section 5 will discuss our findings.
Finally, the paper will conclude in Section 6 by providing insights into future work.

2. Background

This section will explore the relationship of suggested technologies with healthcare
to better understand the proposed solution and the motivations behind it. Further, it will
review rural communities’ potential healthcare challenges and the existing solutions to find
the current gaps and propose a solution based on the identified gaps.

2.1. 5G Use Cases in Healthcare

When it comes to digital healthcare transformation, 5G is at the forefront, and its potential
applications in the healthcare sector are exciting. High-speed data transfers and real-time, high-
quality internet access are made possible by 5G, allowing both local and distant authorities to
link their medical equipment and workers on a centralized network [17-19]. Some critical use
cases of 5G in healthcare include (a) telemedicine in which health-related information and
services are sent remotely via data networks and telecommunications systems, (b) remote
patient monitoring and surgery using wearables and eHealth devices, (c) real-time patient
data/information (sensors and HD videos) flowing between the hospital and the ambulance
to connect the ambulance service, etc. [20-23]. Some other use cases of 5G in healthcare are
shown in Figure 2.
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Figure 2. 5G, 10T, cloud, and Al use cases for healthcare.

2.2. IoT Use Cases in Healthcare

We often think of intelligent sensors and connected hospitals when considering the
IoT in the healthcare sector. However, the answers go beyond this. Spending on IoT
solutions in healthcare is expected to reach USD 1 trillion by 2025 [24]. The IoT has
the potential to assist healthcare providers in offering high-quality, cost-effective, and
individually tailored healthcare services to a broader population. Several applications exist
for healthcare 10T, such as remote health monitoring and transmitting real-time alarms [25].
Some compelling use cases of 10T in healthcare are remote patient monitoring, emergency
care, staff monitoring, inventory tracking, and virtual monitoring, etc. [20,26-29].
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2.3. Cloud Computing Use Cases in Healthcare

Since the COVID-19 pandemic, cloud computing in healthcare has become more
prevalent. With a predicted global market size of $25.54 billion by 2024, the importance
of cloud computing in the healthcare industry cannot be overstated. Undoubtedly, cloud
computing is an essential tool for the healthcare business to provide a first-rate, person-
centered service to its patients [30]. Among the crucial applications of cloud computing in
healthcare are the following [31-35]:

e Improved analysis and monitoring of data pertaining to the diagnosis and treatment
of various illnesses

e  Massive storage capacity for huge electronic health record (EHR) and radiological
imaging files
Capability to offer access to computer resources on-demand
Sharing EHR with only authorized physicians, doctors, and hospitals in various parts
of the globe allows rapid access to life-saving information and decreases the need for
redundant testing
Better data analysis
Enhanced monitoring of patients” health information

2.4. Al Use Cases in Healthcare

Al can automate operations and analyze large patient data sets to provide better
healthcare sooner and at lower costs. Insider Intelligence estimates that 30% of healthcare
budgets are spent on administration. Time and resources spent by healthcare workers on
administrative tasks such as insurance pre-authorization and billing follow-up may be
saved if Al were to automate these tasks [27,33,36-38]. According to research compiled by
Insider Intelligence, 30% of healthcare budgets are spent on administrative costs [39]. Al
has the potential to save healthcare providers’ time and money by automating tasks such as
insurance pre-authorization, invoice follow-up, and record keeping. Al is being integrated
into wearable medical equipment to serve patients better. FitBits and smartwatches driven
by Al might analyze data to warn users and physicians about potential health risks. One
may lessen the load on doctors and avoid unnecessary hospitalizations and readmissions
by using health monitoring technologies [40-42].

2.5. Literature Review

The applicability of 5G wireless transmission technologies in healthcare was reviewed in a
paper by Li [14]. It underlines the possible obstacles to 5G technology availability. According to
this study, there are still considerable obstacles to providing healthcare services to a population
growing older. Recent observations have prompted concerns about the rising expenses of
healthcare, the imbalance of medical resources, the ineffective management of the healthcare
system, and uncomfortable medical encounters. To meet these challenges, however, cutting-
edge technologies, such as the IoT, big data, Al, and 5G wireless transmission technology, are
being developed to improve the efficacy of healthcare services while lowering the overall
cost of healthcare. According to the conclusions of the research, these new technologies are
starting to influence and transform healthcare substantially. A survey was performed by
Jenesn et al. [43], and the analyses found several conclusions that contributed to the following
four major themes: rural communities have their own culture, rural mental health workers
face particular problems, rural communities face barriers to mental healthcare, and new
ideas are required to overcome these barriers. According to a study by Iglehart [44], there
is a persistent shortage of physicians, dentists, pharmacists, and non-physician providers; a
wave of hospital closures; and a deepening gap in life expectancy between urban and rural
inhabitants. According to a study by Taqi et al. [45], planners, researchers, and healthcare
providers should pay close attention to the accessibility and availability of health facilities and
the delivery of high-quality services in rural areas. In this context, the current paper identifies
and evaluates the inequalities in health infrastructure availability and accessibility in India’s
rural areas. According to Dassah et al. [46], access to primary healthcare is a fundamental
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human right and a critical component of healthcare system performance; unfortunately,
people with disabilities face more obstacles to PHC than the general population. According
to Lanksono et al. [47], in Indonesia, there is a discrepancy in hospital utilization as an
outpatient and as an outpatient-inpatient at the same time in urban and rural regions. Further,
gender, marital status, education level, job type, socioeconomic status, insurance, travel time,
and transportation expenses all contribute to the discrepancy in hospital utilization. The
applicability of 5G wireless transmission technologies in healthcare is reviewed in Paper 15. It
underlines the potential obstacles to 5G technology availability.

According to a study by Bhattacharya [48], 5G has exceptionally low latency and
one hundred times faster data transmission than the current 4G network. In the field of
healthcare, this characteristic of 5G will provide quicker internet connection for large items
and medical equipment, as well as enhanced bandwidth, coverage, and accessibility. 5G is
not a single technology or standard but rather an amalgamation of emerging technologies,
including big data, cloud computing, Al, supercomputing, the IoT, and digital security
capabilities such as blockchain. Together, they will create an ecosystem that will trans-
form the fields of medical training and research, remote diagnosis and treatment, smart
ambulance and emergency services, home care for the elderly and their recovery, and even
remote surgery.

The research by Rahman et al. [49] examines the relationship between 5G technology
and present healthcare concerns and identifies 5G-based solutions that can address COVID-
19 issues in various settings. This study thoroughly analyzes 5G technology and the
integration of other digital technologies in developing healthcare applications. The study’s
findings indicate that 5G’s promising features have the potential to advance healthcare, and
that the healthcare industry is currently adopting 5G-based technologies. These features
include improved health services, enhanced quality of life, more effective medical research,
and better experiences for medical professionals and patients. This study further highlights
the growing role of 5G technology in addressing epidemiological concerns. The paper also
covers a variety of technical obstacles and opportunities associated with the development
of 5G-powered healthcare solutions.

Hameed et al. [50] presented an IoT with a cloud-based clinical decision support
system for illness prediction and severity level monitoring by integrating 5G services and
blockchain technology. The proposed framework gathers patient data through medical
devices linked to the patient, which are kept on a cloud server with pertinent medical
documents. Blockchain and 5G technology enable the secure transfer of patient data at a
rapid transmission rate with an adequate reaction time. In addition, a neural network (NN)
classifier is used to forecast illnesses and their severity, and different classifiers are used to
validate the proposed model.

The above discussion highlights the importance of the latest ICT technologies in
improving the healthcare sector; however, we did not find any study that explicitly uses
these technologies to provide 24 /7 healthcare facilities to patients living in remote/rural
areas with fewer healthcare facilities. Table 1 provides a comparison of existing studies to
better understand the current state of the art.

Table 1. Comparison of existing studies.

Paper  Problem Discussed Solution Proposed Research Methodology Used Gaps

Improvine digital Explore the applications of
[14] P &g 5G wireless transmission Review of existing studies Validation is missing

healthcare .

technology in healthcare
This investigation sought Understand the barriers . .
. . The sample size (8) is
[43] to better understand the rural residents face in Semi-structured interviews very small for
) barriers to mental health obtaining mental Y

care for rural individuals healthcare

generalizing results
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Table 1. Cont.

Paper  Problem Discussed Solution Proposed Research Methodology Used Gaps
Rural issues such as life Provide the list of efforts
expectancy gaps, the ACA, . . .
rural health workforce needed to expand the rural =~ Review for comparing the major
[44] . health workforce, and the issues between rural and urban ~ Validation is missing
expansion, and rural .
. pace of rural hospital areas
hospital closures are closures
discussed in this report
Examine the disparities in
Inadequate healthcare the availability and Review of current healthcare Findings are based on
[45] . . - e .
infrastructure in rural areas  accessibility of health facilities in rural areas of India secondary data
infrastructure in rural India
Modify the access
This study explored the framework to better The number of studies
[46] factors affecting access to understand PHC access Review of existing studies used for evaluation
PHC for PWDs in rural challenges and & was not sufficient for
areas globally opportunities in rural generalization
settings
The disparity in hospital Mlustrate the differences
[47] utilization between between hospital Data analysis based on data Validation is missin
urban-rural areas in utilization in urban and collected in 2013 &
Indonesia rural areas
The benefits of using 5G ngmlght the role of . . - . Findings are not
[48] L cutting-edge technologies ~ Review of existing studies .
technologies in healthcare . validated
in healthcare
Role of cutting-edge ésﬁsg?sgh;?;g:ls of 5G
[49] technologies in improving . 8y an Review of existing studies Validation is missing
integration with other
healthcare . .
digital technologies
Integrating 5G services and  Propose a framework to
blockchain technologies collect patients’ data to Usine one aleorithm
with IoT and a cloud-based  predict diseases and their ins teg dof exgminin
[50] CDSS framework for the severity level using Employing different classifiers &

prediction of disease and
its severity level through
the use of 5G services

blockchain and 5G
technology with a neural
network (NN) classifier

the data by using
different algorithms

3. Proposed Framework

The above discussion shows that the key reason behind the death rate disparity
between urban and rural areas is the lack of healthcare facilities in both areas. Although
the mortality rate in rural areas is decreasing with time, there is still a need to provide
24/7 healthcare facilities and access to remote areas. A framework is proposed to address
this need, as shown in Figure 3. The proposed framework leverages the potential benefits
of modern cutting-edge technologies and provides healthcare facilities to patients living
in remote areas. According to the proposed framework, healthcare centers in remote
areas are connected with the healthcare professionals of urban areas, e.g., doctors, nurses,
ambulances, pharmacists, etc., through the 5G internet. In urban areas, the healthcare
system is fully automated, and the overall data of the hospital are transferred to the cloud
through the 5G internet; these big data are stored in the cloud and are mined using Al
techniques to extract useful information. Healthcare centers in remote areas are connected
to the cloud to get information about healthcare professionals. Thus, timely remote medical
care is provided to patients who cannot reach the city healthcare center due to the limitations
of time and money.

In the proposed framework, the remote patient request for healthcare facilities is
handled using the process mentioned in Algorithm 1.
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Figure 3. Proposed methodology.

Algorithm 1 Working of Proposed Methodology

Let p denote remote patient; yp = physician in remote areas with limited healthcare facilities; I' = telehealth system; ¢ = patients’
vital signs; 0 = doctor; C = cloud; I = IoT sensors; §) = laboratory; p= pharmacist; F = 5G; 7 = treatment

Begin

p — register(T)

I — Collect(?)
Transmit(¢) - C — F
rp — Receive (9) — C

Ol W

If handling( ¢) — yp = true
Thensend 7 — p
Else forward (¢) — T — (F,C)

6. I' — Observe(d)
Ifd—o

Send (¥) — 9

Elseif 9 - 9

(%) —5

Elseif ¢ —

Send (8) — ¢

I' — Receive (7))

I' » Forward (7) — yp — (F,C)
yp — Prescribe( T) — p
10. End

0O X N

/ /remote patient is registered to telehealth system
// patient’s vital signs are collected through IoT sensors
/ /patient’s vital signs are transmitted to the cloud using 5G
/ /remote physician receives vital signs through cloud

/ /remote physician will first try to handle the patient if he can
/ /remote physician will suggest treatment for the remote patient
/ /remote physician will forward vital signs to telehealth system through cloud & 5G

/ /telehealth system observes vitals
/ /if vitals show that remote patient needs consultation
/ /telehealth system forwards vitals to the doctor
/ /if vitals show that remote patient needs consultation Send
/ /telehealth system forward vitals to the lab
/ /if vitals show that remote patient needs medicines
/ / telehealth system forward vitals to the pharmacy
/ /treatment is received by the telehealth system
/ / telehealth system forward the treatment details to a remote physician
/ /remote physician prescribes treatment to the remote patient
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4. Mathematical Modeling

This section will evaluate the proposed approach mathematically; our objective func-
tion is to optimize healthcare facilities in remote areas under the constraints of limited
healthcare facilities. Equation (1) models our objective function

OF = maxf(7T|[d;]) std € Q 1)

where f(7|[d;]) is the objective function, 7 is the treatment provided to the remote patient,
[d;] is the set of decision variables, and Q) is the constraint set (or feasible set). Minimize
and subject to are shortened to min. and s.t., respectively. The [d;] include four variables as
shown in Equation (2):

d; = {19,1“,5,9} ?)

While Q € {I,C,F, A} 3)

According to Equation (2), correct vitals, a working telehealth system, accurate patient
status, and proper clinical guidelines are the key decision variables to facilitate healthcare
facilities in remote areas. Equation (3) describes the constraints that are necessary for opti-
mizing decision variables. These constraints include the proper working of IoT sensors to
collect vitals, full-time 5G internet availability to transmit patient vitals to the cloud, and Al
algorithms applied to the data fetched through the cloud to get useful information.

The remote patient participating in a treatment process according to a clinical guideline
¢ often follows a cyclical procedure. In this loop, the patient is in constant contact with his
physician. Data on his health are gathered automatically through IoT sensors and uploaded
to the cloud, where a treating physician may keep a close eye on things from afar. Different
status S is proposed related to the proper therapy or diagnostic approach depending
on the more adequate clinical guideline ¢ and the vitals of the patientd. Depending on
the patient’s condition and the established therapeutic criteria, a remote physician may
alter the course of therapy. Therapy outcomes are affected by a patient’s response to the
treatment, which might vary based on the patient’s disease and other personal factors.
These findings will be included as new iteration entries in the subsequent cycle. The
therapy in this approach is the conversation system’s response to the patient’s symptoms.
A physician’s daily procedure includes iterative analyses of patient data, current status S,
and applicable clinical guidelines  to bring the patient’s condition into compliance with
the guidelines. The doctor can change the patient’s status if they see fit. That is, using
therapy or a diagnostic approach that goes beyond the recommendations of established
practice standards. Suppose a doctor thinks the patient’s severity is low, while the evidence
suggests it is high, for instance. In that case, he may downgrade the patient’s status and use
the therapies recommended by the clinical guidelines for low severity cases. If he thinks the
patient’s condition is dire, he may consult an expert panel through the telehealth system.

S= max;p (S

g, 59) )

- maxsp(gf‘S)p<S’SQ) ®)
In order to prescribe the proper treatment to the patient, the status of the patient should

be best represented by S in Equations (4) and (5), where the status can be maximized based
on clinical guidelines followed by the patient and the previous status of the patient such
that vitals are correct.

;: max g, p (9

9,5,8%, r) 6)

= maxgp(ﬁ,S\g, ﬂg,r)p(éx’

T, 199) @)
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According to Equations (6) and (7), clinical guidelines need to be maximized to get
proper treatment, which is only possible when the patient’s vitals are captured accurately,
and the patient’s status is best. Furthermore, the previous vitals record is also there, and
the telehealth system is working correctly.

r=maxrp(1]6,F,C, s, 6" ®)

= maxyp(d|I)maxrp (I F,C,S, ﬂQ) 9)

According to Equations (8) and (9), the telehealth system should be working and
available all the time to remote physicians to provide proper treatment. It is only possible
when IoT sensors are working correctly so that patients’ vitals can be collected in a timely
manner, IoT data are transferred to the cloud using 5G, and previous status and vitals are
available.

9= maxgp (I ) (10)

= maxlgp(g|l)maxl9p<l‘19§> (11)

According to Equations (10) and (11), vital signs must be correct, which is only possible
if the remote patient follows the clinical guidelines and the IoT sensors are working correctly
to capture vitals. Furthermore, the previous vitals collected through IoT sensors are also
available and correct.

Based on Equations (4)—(11), our objective function can be modeled as

OF = max f(T[d]) > max (5 9,T, 5) — O(L,C,F,A) (12)
maxsp (S ) mmax g p g ,F) M maxrp (I ) 13)
Mmaxgp | I )Q(I, C,F,A)
Thus A
OF = ) d; = £(S, ¢,T,3) Ik Q@ C,F,A) (14)

The individual impact of every decision variable on objective function can be evaluated
using partial derivatives of Equation (14) as shown in Equations (15)—(18):

B 20 56) 202
s as ds 9s d 9s

d +
S
for. = 2 (@) = % <s> +ad( > +af(F) + 4
g o9 o9 09 09 o9
ad ad
_l’_ -

for. — 2 (oF) = ad( )+ad( >+N(f) =
T ar or or or or

f@)Fg—ad(@F) ad< )+ad<;>+ad( )+j§(5)+s (18)
90 90 a0 90 ¢

For optimization, we need a threshold value to determine whether the optimiza-
tion is achieved or not. Let 11, T», 73, and 14 be the preferences/threshold values set for

<5> te (16)
<N

19> te (17)



Appl. Sci. 2023, 13, 6479

10 of 16

5, 2, IN", and 5 respectively. Then, the comfort index C; will be calculated using the formula
mentioned in Equation (19):

2 2 2 2
cz:rl—(il) +n- |2 +T3—<‘i°’) +r4—<?i‘> (19)
S g r 8

where 71 + T2 + 13 + 4 = 1 and ¢y, €2, €3, and e4 represent differences between actual values
and estimated values.

Let T(ny),T(ny), T(n3),..... be the execution time taken to transfer vitals between
various components of the proposed methodology and P(ny), P(nz),,P(n3),..... be the
probability that a particular transfer will be done successfully. Then, the average case time
complexity of the proposed model will be calculated using the formula given in Equation (20):

T(n1)P(ny) + T(np)P(ny) + T(nz)P(n3),....T(n,)P(ny,) (20)

The suggested framework’s throughput varies in various places. The quantity of data
transmitted successfully from one location to another in a certain time period is measured
in bits per second (bps). When data from various sources are stored in the cloud, the storage
throughput is estimated based on the quantity of data that can be received and written to
the storage medium. Thus, the throughput of the proposed model will be calculated using

the formula mentioned below: N S
TH = — + = 21
Tt T (21)

where N refers to the number of requests and T refers to the time in which certain transmis-
sion or storage requests are received, while S refers to the number of storage requests in a
particular amount of time.

In the proposed system, quick information transmission is required since healthcare
data are particularly sensitive and require fast delivery and reaction. As a result, the delay
should be as short as possible. The proposed framework’s delay will be determined using
the methodology shown below.

P D
Delay = - + — 22
elay = = + < 22)
where P is the packet size, T is the time taken to transmit a packet, D is the distance between
the sender and the receiver, and S is the speed of the link.
Now, we evaluate the proposed model using a case study. The description of the case
study is as follows:

Case Study

Bob is a cardiac patient who uses wearable sensors to monitor his vital signs. He
lives in a rural region with few medical services. In his neighborhood, 5G internet service
is available, and Bob is using his smartphone to take advantage of it. Bob’s vital signs
are recorded by wearable sensors and assessed using threshold vital sign values. If the
vital signs are aberrant, they are transmitted immediately through 5G to the cloud, where
Al algorithms operate to predict abnormal vital signs. Al algorithms evaluate vital signs
and classify them into normal and abnormal vital signs. The abnormal vital signs are
then accessed by the doctor from the cloud. The doctor determines the severity of Bob’s
vitals by evaluating his vitals following clinical standards and his prior health. He sends
the patient’s vitals to the telehealth system if he determines they are of high severity.
The telehealth system monitors Bob’s vitals and then selects from the three available
alternatives. (1) If it considers that vitals severity is high and an expert panel needs to be
contacted, then it transmits vitals to the expert panel. The expert panel evaluates vitals and
sends prescriptions back to the telehealth system using 5G and the cloud. The telehealth
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system sends this prescription to the remote physician via the cloud. The remote physician
accesses the prescription and sends it to Bob through a smartphone app installed on Bob’s
smartphone. (2) If the telehealth system considers that vitals need lab examinations, then
it transmits the vitals to the lab experts. The lab experts evaluate the vitals and send the
required diagnostics using 5G and the cloud to the telehealth system. The telehealth system
sends these diagnostic details to the remote physician via the cloud. The remote physician
accesses the diagnostic information and sends it to Bob through a smartphone app installed
on Bob’s smartphone. (3) If the telehealth system considers that vitals need medicines
based on the prescriptions received by the doctor, then it transmits vitals to the pharmacy.
The pharmacist evaluates vitals and dispatches the required medicines to the telehealth
system using 5G and the cloud. The telehealth system sends medicine details to the remote
physician via the cloud. Remote physicians access the medicine details and send them to
Bob through a smartphone app installed on Bob’s smartphone.

The detailed working of the case study is shown in the sequence diagram in Figure 4.
The aforementioned case study scenario is a success if all the requirements (IoT sensors are
operational, the patient follows clinical recommendations, 5G is operational, healthcare
data are stored and retrieved through the cloud, the telehealth system is operational, etc.)
listed in the objective function are met. The timely accessibility of a healthcare facility to a
remote patient will be impacted, nevertheless, if any of the aforementioned constraints are
not present.
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Figure 4. Detailed working of the case study.
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5. Discussion

High regional inequalities are often brought about by concentrated economic activity
and growth in one specific area. Urban regions are often where economic activity is
concentrated. In the end, inequities develop in every subject, including the realm of health.
The hospital is often constructed in metropolitan areas as a basic health treatment facility. It
seems understandable that a hospital would be built in this metropolitan location. The main
motivation is to guarantee that community access is made simpler due to the availability of
improved mobility options, including infrastructure and public transit. Every healthcare
system has adopted equal access to hospitals, patient happiness, and respect for patient
wishes as fundamental principles. Health planners and policymakers primarily focus on
disentangling or downgrading inequities in healthcare consumption. This has to be done
as part of the endeavor to raise the performance indicator for the healthcare system [47,51].

Further, the COVID-19 pandemic gave us a peek at how the healthcare business will
continue to grow using cutting-edge technologies. It also highlighted the significance
of remotely monitoring and treating patients. It is anticipated that IoT, 5G, and cloud
computing will play a crucial role in the future of healthcare by linking everything from
wearables to emergency services, medical campuses, and hospitals [52]. By lowering
latency, enhancing dependability, and boosting security, new healthcare use cases will be
enabled and will profit from the availability of these innovative technologies.

This study makes use of 10T, 5G, cloud, and Al technologies, which have the potential to
be very beneficial. After examining how these technologies are used and how they enhance
healthcare, this article offers patients, particularly those who reside in rural locations with few
healthcare options, a remote healthcare alternative. The study aims to provide distant patients
with the best care possible while adhering to specific limitations. The suggested strategy
assumes that the patient and doctor are in constant communication. IoT sensors affixed to
the patient’s body gather his vital signs. If there is any irregularity in the vitals, the smart
application on the patient’s smartphone quickly sends data through 5G to the cloud [53,54].
The doctor accesses patients” information from the cloud and evaluates their vitals. If the vital
signs are somewhat out of the ordinary, the doctor will prescribe medicine and deliver it to
the patient through the cloud, 5G, and a smartphone app. If the doctor determines that the
severity of the vitals is high, he connects to the healthcare facilities using telehealth technology
and sends the vitals to the appropriate healthcare division. In this manner, patients get prompt
medical attention, even in rural areas. A real-life case study and mathematical modeling
were used to assess the proposed system. The findings imply that cutting-edge contemporary
technologies help enhance healthcare facilities.

Constraint and Limitation

The study proposed the use of cutting-edge technologies to provide remote access to
healthcare facilities. However, a few implementation details mentioned in the proposed
methodology are generic to make it more flexible. Further, 5G is provided as a means of
communication between various healthcare entities, while 5G is not implemented com-
pletely yet, especially in remote areas. How the organization will use cloud computing
facilities and in which capacity, what ML algorithms and techniques will be used for predic-
tion and detection of vitals is also mentioned generically so that healthcare organizations
may tailor it according to their needs.

6. Conclusions and Future Work

Healthcare is one of the most significant fields of study and the nation’s top priority.
However, even in industrialized nations, individuals living in distant places cannot access
timely and adequate healthcare services. Many deaths occurred during the recent COVID-
19 outbreak due to the inaccessibility of healthcare services. Therefore, this study suggests a
strategy that might provide residents in distant locations with adequate and safe healthcare
services without requiring them to relocate. The suggested solution uses new, creative
technology and proposes a strategy that would make healthcare facilities accessible 24/7,
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and from any place, particularly in rural regions where healthcare facilities are few. In
the proposed method, patients would receive care at their homes from a remote doctor in
rural regions or a nearby local clinic. Remotely accessible healthcare resources (physician,
treatment, patient counseling, diagnosis, etc.) would be made available to those who live
far away from healthcare facilities. The suggested method is evaluated using mathematical
modeling and a case study; the results confirm that the technique is beneficial for enhancing
healthcare services for distant patients.

In the future, we plan to augment the suggested framework with other novel technolo-
gies, such as big data and edge computing. In addition, we want to confirm our results by
applying the proposed paradigm to a real-world scenario.
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