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Abstract
Remotely monitoring a patient’s condition is a serious issue and must be addressed. Remote health monitoring systems
(RHMS) in telemedicine refers to resources, strategies, methods and installations that enable doctors or other medical
professionals to work remotely to consult, diagnose and treat patients. The goal of RHMS is to provide timely medical
services at remote areas through telecommunication technologies. Through major advancements in technology, partic-
ularly in wireless networking, cloud computing and data storage, RHMS is becoming a feasible aspect of modern
medicine. RHMS for the prioritisation of patients with multiple chronic diseases (MCDs) plays an important role in
sustainably providing high-quality healthcare services. Further investigations are required to highlight the limitations of
the prioritisation of patients with MCDs over a telemedicine environment. This study introduces a comprehensive and
inclusive review on the prioritisation of patients with MCDs in telemedicine applications. Furthermore, it presents the
challenges and open issues regarding patient prioritisation in telemedicine. The findings of this study are as follows:
(1) The limitations and problems of existing patients’ prioritisation with MCDs are presented and emphasised. (2)
Based on the analysis of the academic literature, an accurate solution for remote prioritisation in a large scale of
patients with MCDs was not presented. (3) There is an essential need to produce a new multiple-criteria decision-
making theory to address the current problems in the prioritisation of patients with MCDs.
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Introduction

Telemedicine has been increasingly used in healthcare be-
cause it offers several benefits, such as providing the health-
related information of patients [1–7] and remote healthcare
services [8–14]. Telemedicine is a remote medical practice
in which different healthcare providers cooperate and permit
their collaborative efforts in the diagnosis or treatment of a
disease [15–18]. Remote healthcare services can be beneficial
for patients living in isolated communities and far-flung re-
gions, provided that they receive professional care from phy-
sicians or specialists who travel to visit them [19–22].

Triage in telemedicine is the concept of sorting patients in
order of treatment necessity in a large-scale emergency. In
other words, it is the process of assessing and prioritising care
for all patients and casualties [23–27]. A prioritisation process
is often conducted to ensure that care is given in a suitable and
timely manner [28, 29]. The early identification of critically ill
patients and their stratification into priority levels upon accep-
tance to the emergency department (ED) are necessary for the
quality and integrity of emergency medicine [30–34]. Hence,
patient prioritisation aims to identify patients who can safely
wait and those who cannot [35]. Patient prioritisation im-
proves fairness and decreases urgent patients’ waiting times
can affect the distinctions among areas because it efficiently
appropriates available resources within each region [36, 37].
A patient’s case must be the main basis in assessing priority
according to medical guidelines [38].

Remote healthcare prioritisation systems have gained con-
siderable attention because of their significant role in the lives
of people [39, 40]. Remote prioritisation means triaging pa-
tients and identifying their priority for treatment and transpor-
tation to hospitals after the evaluation of their vital signs [41].
For remote patients, continuous monitoring from a distant
hospital is highly desirable because it ensures adequate care
and provides suitable guidelines for proper medication [42].
Moreover, remote patient care is currently becoming a major
concern in healthcare services [43]. Patients with multiple
chronic conditions (e.g., chronic heart disease [CHD], chronic
blood pressure [BP] disease, fall detection and diabetes) are at
great risk of experiencing poor daily functioning [26].
Multiple chronic diseases (MCDs) contribute to frailty and
disability. Functional limitations often complicate access to
healthcare, interfere with self-management and necessitate re-
liance on caregivers [44]. Remote home patients, especially
the elderly with MCDs, are at critical risk of harm in various
situations [45]. Thus, prioritisation processes for MCDs are
important to the continuous care of remote patients in perva-
sive environments.

A comprehensive and deeply literature review is essential
for highlighting and scrutinising the process of patient
prioritisation with MCDs in telemedicine applications.
Challenges in patient prioritisation and open issues within

telemedicine applications require further investigation
(Fig. 1).

The rest of the study is organised as follows: Section 2
systematically reviews existing patients’ prioritisation studies.
Section 3 presents RHMS for MCDs. Section 4 presents con-
cern for prioritisation process. Section 5 presents multiple-
criteria decision-making (MCDM) techniques as a solution
for problems in the prioritisation of patients with MCDs.
Section 6 summarises the research.

Systematic review protocol for patients’
prioritisation

The scope of this study was established by using the keywords
‘telemedicine’, ‘triage’, ‘priority’ and ‘sensor’. Other telemed-
icine studies, such as surveys and reviews, were excluded. The
scope was limited to English literature but considers all health-
related areas. Three digital databases were searched for target
articles: (1) the Science Direct database offering access to
science, technology and articles in highly reliable journals;
(2) the IEEEXplore Library of technical literature in engineer-
ing and technology and (3) the Web of Science (WoS) service
[46, 47]. These databases index cross-disciplinary research in
sciences, social sciences, arts and humanities [48, 49]. The
justification behind this selection is to cover scientific and
technical literature and provide an extensive insight into re-
searchers’ efforts in a wide yet relevant range of disciplines
[50–52]. Study selection involves searching literature sources
and the subsequent three iterations of screening and filtering
[53]. The first iteration excludes duplicate articles and collects
only articles from the last six years (2012–2017) by using the
Mendeley software. The second iteration filters the reading
titles and abstract and excludes articles out of our domain.
Lastly, the third iteration filters a full-text reading and ex-
cludes articles out of our domain and out of our criteria, as
shown in Fig. 2. All iterations apply the same eligibility
criteria and followed by screening and reviewing. The search
was conducted in Science Direct, IEEE Xplore and WoS da-
tabases via their search boxes on January 2017. We used a
combination of keywords that contained ‘medical system’;
‘Telemonitoring’; ‘E health’; ‘Telemedicine’; ‘Telehealth’;
‘healthcare services’; ‘remote monitoring’ and ‘mobile physi-
cian’ in different variations combined by the operators ‘OR’
and ‘AND’, followed by ‘Triage’; and ‘Priority’ in different
variations combined by the operators ‘OR’ and ‘AND’ and by
‘sensor’. The exact query text is shown at the top of Fig. 2. We
further used the options in each search engine to exclude book
chapters and other types of reports other than a journal and
conference articles, considering that those two venues are the
most probable to include up-to-date and proper scientific
works relevant to our survey in this emergent trend of tele-
medicine. Every article that met the criteria was included. We
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set an initial target of mapping the space of research in our title
into a general and coarse-grained taxonomy composed of two
categories. These categories were derived from a presurvey of
the literature with no constraint (Google Scholar was used to
obtain a preview of the landscape and directions in the litera-
ture). After the initial removal of duplicates, articles were ex-
cluded in three iterations of screening and filtering if they did
not fulfil the eligibility criteria. The exclusion reasons include
the following: (1) the article is non-English, (2) the focus is on
a specific aspect of healthcare technology and (3) the target is
the general telemedicine application. Herein, we focused on
healthcare services, patient prioritisation, patient triage, disas-
ter management, network failure, sensors in telemedicine and
security of telemedicine.

Taxonomy analysis

The initial query search obtained 3064 articles (i.e. 911 from
Science Direct, 1496 from IEEE Xplore and 657 articles from
WoS) published within 2007 and 2017. Unfortunately, we
were unable to download only two scientific articles from
WoS because of accessibility issues. With three categories,

the articles filtered by the following sequence were adopted.
Of the 1612 papers collected roughly from the last six years
(2012–2017), 62 were duplicates. After scanning the titles and
abstracts, we further excluded 1264 papers. Then, 163 papers
were excluded at the last full-text reading excluded. A total of
123 papers were finally obtained, which we read thoroughly
to determine a general map for the conducted research on this
emerging topic. Through taxonomy analysis, specific patterns
and general categories were observed in the telemedicine ar-
chitecture. The mapping and domains of telemedicine tech-
nology are illustrated in Fig. 3.

Sensor based (tier 1)

This category highlights the challenges and sensor techniques
which enables the continuous monitoring of healthcare ser-
vices. Wireless body area networks (WBANs) include small
wireless sensors that collect and carry patients’ vital sign in-
formation [54]. In the literature, sensor-based (Tier 1) tele-
medicine applications have been discussed in seven domains.

The first domain is ontology, which focuses on the extend-
ed principles of topology that deeply explains wearable

Systema�c review protocol for pa�ents’ priori�sa�on

Taxonomy analysis

Sensor based (Tier 1)

Gateway based (Tier 2)

Cri�cal review analysis

Concern for priori�sa�on process

Mul�-criteria decision making:

Defini�on and importance
Cri�cal analysis for MCDM techniques  

Review conclusion

Mul�ple-chronic diseases in remote health 
monitoring system:

Chronic heart disease
Chronic BP Diseases
Sources used to measure pa�ents’ 
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Review and analysis on pa�ents’ priori�sa�on for mul�ple-chronic diseases
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Healthcare service concerns in telemedicine

•
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•
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•
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platforms containing ‘mainstream magnetic and inertial mea-
surement units’ [55].

The second domain is reliability, which contains three
areas in the literature. The first area is congestion control;
some studies focus on detecting congestion and control
protocols for remotely monitoring the health and
healthcare conditions of patients by WBANs [56, 57].
The congestion management protocol is the main contribu-
tion of other studies and is widely used in medical appli-
cations [58, 59]. The second area is packet delay and link
quality. In [60], ‘real-time publish-subscribed middleware
functions’ were established in healthcare applications. In
[61], techniques for multiple attribute decision analysis and
scheme of decision were examined. Another study present-
ed a healthcare system architecture that addresses dynamic
behaviour and various traffic in WBAN [62]. Another

study was focused on scheme of health tracking and on
sensor structure with simulated results [63]. Another study
attempted to enhance the quality of the Telehealth system
through its proposed infrastructure [64]. Meanwhile, in the
third area, which is electromagnetic interference (EMI), the
number of users is reduced through keeping EMI on med-
ical sensors at a satisfactory level [65].

The third domain is energy efficiency. Some studies were
focused on ‘higher energy efficiency and robust data transmis-
sion’ by reducing energy consumption and prolonging net-
work lifetime by increasing the predictability of a system
[54, 66–69]. The last study introduced green-cloud-assisted
healthcare services on WBANs [70].

The fourth domain is the quality of service (QoS). Some
studies presented QoS for WBANs and provided parameters
for understanding the QoS-performance criterion [54, 66–69].

Query

‘Medical system’ OR ‘Tele monitoring’ OR ‘E health’ OR ‘Telemedicine’ OR ‘Telehealth’ OR ‘healthcare 
services’ OR  ‘Remote Monitoring’ OR ‘mobile doctor’ AND ‘Triage’ OR ‘Priority’ AND ‘sensor’

First download

Web of Science

(n=657)
+

Science Direct

(n=911)
+

Papers total

(n =3064)

IEEE Explore

(n=1496)
=

Inclusion criteria 

1) The article is an English journal or conference paper.

2) The main focus is telemedicine in healthcare, in either one or more 

of the following aspects: 

Healthcare services

Patient prioritization in telemedicine

Patient Triage in telemedicine

Disaster management and Network failure

Sensors in telemedicine

Security of telemedicine 

Title and abstract 

scan

1550 – 1264 = 286

Collect last six years 

(2012-2017)

3064 – 1452 = 1612

= = Full text Reading
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=Screen out duplicates
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•

•
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•

Fig. 2 Study selection flowchart containing the exact query and inclusion criteria
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The fifth domain is security and privacy. One of the studies
focused on securing wireless communication for sensor nodes
and implemented a prototype application for biomedical sen-
sors [71]. Another article presented secure logging for infor-
mation collected from the WSN nodes [72]. In [73], re-
searchers introduced various security levels in BANs for med-
ical devices to prevent long-distance attacks. A cryptographic
hash algorithm for preserving data integrity was proposed in
[74]. Lastly, a study integrated the healthcare enterprise into
various eHealth/mHealth systems [75].

The sixth domain is evaluation and assessment. One of the
studies focused on the performance evaluation of the IEEE
standard 802.15.6 [76, 77]. Another study evaluated the effi-
ciency of wearable health devices to enhance communication
among healthcare units [78]. Meanwhile, a study introduced
an evaluation of miniature wireless vital-sign monitor for po-
tential trauma triage in intensive care units [79].

The seventh domain is prioritisation over the sensor. Some
studies presented priority-based time-slot allocation scheme
for WBANs to achieve energy efficiency [80–82]. Another
study proposed healthcare applications based on the integrated
‘cross-layer routing protocol’ and ‘cross-layer medium-access
channel protocol’ [83]. Another study proposed two new
scheduling algorithms to satisfy QoS requirements in
WBAN networks and overcome the starvation mode of
packets without the highest priority [84]. Another article used
‘non-pre-emptive priority queue discipline’ to present a new
traffic-sensitiveWBAN [85]. Another study presented priority
based on ‘congestion-avoidance hybrid scheme’ for WSN to
provide an efficient mechanism that reduces power

consumption [86]. Furthermore, a study proposed the
medium-access control (MAC) protocol for considering the
priorities of several biosignals with different characteristics
and setting up minimum packet delay time to guarantee data
effectiveness [87]. Other studies focused on the improvement
of the performance of ‘MAC protocol of WBANs’ for the
prioritisation of numerous vital signs to ensure data efficiency
[88, 89]. Finally, [90] presented probabilistic real-time sys-
tems in BASNs with fixed-priority pre-emptive scheduling.

Gateway based (tier 2)

Gateway is a common literature term that refers to using any
wireless devices, such as phones and other devices for com-
munication, which are often used for educating consumers
regarding the use of ‘preventive healthcare services’ in med-
ical care [91, 92]. Gateway-based (Tier 2) telemedicine appli-
cations have been studied in different domains.

The first domain is a mobile user interface (MUI). In [93],
the approach depends on a context and rules to design MUIs
for mHealth use.

The second domain is evaluation. In [94], medical alarm
dissemination feasibility was explored, and mobile phones
were used in the failure or congestion cases of network in an
urban environment.

The third domain is treatment support and disease surveil-
lance. The key purpose of both topics is to decrease the harm
caused by the outbreak, epidemic, predicted and pandemic
cases, then to observe and identify the factors causing such
situations. In some articles, patients were allowed to monitor

Comprehensive review 

for telemedicine

Sensor based (Tier 1)

Gateway based (Tier 2)

Server based (Tier 3)

Analysis process

Environment management

Evaluation 

Remote monitoring 

Security and privacy

Collaboration fields

Provide Healthcare 

Services

Patient Prioritisation

Patient Triage

Fig. 3 Research taxonomy on telemedicine applications
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and manage chronic diseases. Meanwhile, chronic disease
management and patient monitoring on body temperature,
heart rate and blood pressure were conducted other studies
[95, 96]. Applications that can be used for some diseases, such
as fever, high BP and diabetes, were introduced and used in
devices based on biometrics, such as tensiometers, thermom-
eters and glucometers [97, 98]. Other studies presented sys-
tems based on social media [99], which presented the tracking
of children’s vaccination coverage in rural areas. In [100], the
researchers developed a software for dengue prevention in Sri
Lanka. Patients with major depression were treated by a meth-
od presented in [101], in which patients were allowed to ob-
tain daily interactive sessions featuring personalised and adap-
tive, as well as continuous monitoring of patients with
Parkinson’s disease [102]. In [103], the researchers presented
systems for personal coaching; the systems combines ‘on-
body sensing with smart reasoning and context-aware feed-
back’. Lastly, eating-disorder treatment was studied in [104].

The fourth domain is disaster management. The manage-
ment and organisation of all the responsibilities and resources
necessary for addressing emergency cases cover all the hu-
manitarian aspects, that is, recovery, preparedness and re-
sponse, to decrease the harmful effects of natural disasters,
indicating the system of mHealth management. These studies
applied the system of mHealth in a ‘tsunami-stricken disaster’
scenario, as well as proposed a platform for developing ‘a field
accident and emergency centre intelligent monitoring system’
[105, 106]. The study of [107] presented an assessment sys-
tem of patients in real time on the basis of ‘mobile electronic
triaging’ and has been performed by sensor-detected informa-
tion and crowdsourcing. Other systems for rescue operations
in urban areas are based on situational awareness, indoor and
outdoor [108]. Tracking system of pilgrims in holy spaces was
also developed [109]. In [110], a network called ‘Medical
Body Area Network’ was presented, which gathers triage
and general physiological data in case of a disaster by using
sensors.

The fifth domain includes the integration of data source and
aggregation. Integration refers to the incorporation of multiple
sources of data that can be heterogeneous for the utilisation of
healthcare data in the clinical field, production of a mobile
operator and development of solutions that support the con-
nection between patients and healthcare providers.
Aggregation is demonstrated in ‘Mobile Aggregation
Centres’ and enhances system scalability and flexibility. The
modelling of linear data with an expert priority was demon-
strated in [111]. The theory-based approach and the design
description among architecture, algorithmic and technology
systems were reported in [112]. Healthcare environments in
virtual organisations were integrated in [113]. Two architec-
tures for the aggregation of healthcare data. The first architec-
ture, which enables aggregation through cloud-assisted
WBAN, was first presented in [114]. In the second

architecture, a priority scheme for cloud-assisted WBANs
with privacy maintenance, was presented in [115].

The sixth domain is network management, in which any
wireless technologies, such as mobile phones, can be used to
support the objectives of mobile health through SMS, calling
and mobile phone applications, as well as to develop and
enhance the management of mobile healthcare network. A
capacity-sharing scheme for allocating radio resources de-
pends on a priority-aware pricing was proposed in [116]. In
[117], a mechanism of incentive compatibility in e-health net-
works to schedule the transmission. Scheme supports multi-
user sharing proposed in [118]. Another study presents patient
monitoring using mobile ad-hoc network to classify chal-
lenges to improve the communication reliability [119].

‘Ambient Assisted Living (AAL)’ is the seventh domain.
This domain focuses on patient tracking and monitoring, par-
ticularly for patients staying alone at home or solely receiving
treatment in hospitals. Models that simulate daily activities of
a person living alone at home were proposed in [120, 121] and
[122] for the implementation of data-driven, cloud-based and
semantic software through the knowledge acquired by such
models. ‘Internet-of-Things (IoT)’ and ‘Cyber-physical
Systems’ are more capable of predicting and more clever for
home/office in daily life and hospitals, as presented in [123].

The eighth domain is the decision support system, which is
a computerised system that assists decision-making processes
and provide precise diagnosis for any disease. Decisions re-
lated to context awareness sets and processing are enhanced,
and thus the presentation of information to professional
healthcare are improved [124]. In [125], DSSs based on
knowledge embeddable in mobile devices was proposed.
Another study focused on discovering and decreasing false
alarms produced by the monitoring sensors of patients [126].

Server based (tier 3)

This category is responsible for the real-time remote monitor-
ing of patients through the use of a remote computer in tele-
medicine environment. The vital signs of patients are collected
and then sent to a telemedicine server for further analysis and
investigation. After analysing the vital signs, the medical serv-
er can support medical professionals by identifying appropri-
ate healthcare services for patients remotely [23]. In the liter-
ature, server-based telemedicine applications have been stud-
ied in different domains.

The first domain is the analysis process. Some studies con-
ducted huge data analysis on sensing techniques that can im-
prove the efficiency of healthcare services [127, 128].
Meanwhile, ‘activity pattern mining’ was analysed in [129].

The second domain is environment management. Some
studies focused on managing the data collection process of
elderly people within hospitals [130, 131]. Another study
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focused on helping physicians to improve management and
reveal the issue of overcrowding [132].

The third domain is the evaluation and assessment domain.
Some studies evaluated the features and effectiveness of com-
mon telehealthcare systems [133–135].

The fourth domain is the security and privacy domain. The
vital signs collected from medical sensor networks were se-
cured by ensuring confidentiality and integrity [136]. Another
study focused on securing e-Healthcare society by proposing
various actors to communicate securely [137].

The fifth domain is collaboration field, which is divided
into two areas: cooperative environment and tele-expertise
between professionals. Cooperative environment involves
ubiquitous healthcare in the sharing of medical data over local
area networks. A study [138] focused on decentralised data for
the accessing of EHRs and PHRs with high performance;
these data were saved in distributed data centres. Another
study enhanced a healthcare information system to provide
high-quality information at any time and any place [139].
The second area, that is, tele-expertise between professionals,
focused on exchanging experiences between physicians or
professionals to share knowledge and formulate proper deci-
sions for diagnosis and treatment [15, 140–143].

Finally, the sixth domain is the remote monitoring
(telemonitoring). Further investigations regarding this domain
are presented in the following subsection.

Remote monitoring (telemonitoring) In remote monitoring,
the medical professional monitors the emergency cases of pa-
tients remotely, as well as provides real-time data analysis and
instant feedback to patients [15, 23]. The domain of remote
monitoring includes studies that are categorised in three areas:
patient triage, provision of services to the patient and patient
prioritisation.

The first area is patient triage, that is, categorising patients
on the basis of their emergency cases. Some studies focused
on inside ED triage, which is discussed by [144–146], where-
as other studies focused on outside ED triage, which is
discussed in [147–150].

The second area contributes to remote healthcare service
provision. Several studies have focused on an alert emergency
service that alarms a caregiver to provide fast response in case
when vital signs become irregular [151–156]. Many studies
provided services, such as suggestions, tips, drug prescrip-
tions, recommendations and telehealth consultation
[157–161]. Some studies recommended on selecting nearby
and suitable hospitals or physicians according to patients’
conditions [162, 163]. A study focused on providing
healthcare services and treatment while travelling vehicles
on the fly [164]. Another study presented the existence of
first-aid services in an ambulance [165]. Moreover, another
study introduced a new eldercare service that connects the
clinic of a remote physical therapist and the home of an elderly

[166]. Finally, [167] presented an approach for managing the
prescribed medication for patients by notifying them about
drugs and doses.

Patient prioritisation The third area is patient prioritisation.
This section addresses patient prioritisation by server-
based (Tier 3) telemedicine application, indicating that
the prioritisation of patients should be appropriately ar-
ranged to determine the necessary treatment and to trans-
port them to hospitals according to the patients’ condition.
In the literature, telemedicine application has been study-
ing on patient prioritisation. This study mainly focused on
the remote monitoring of patients, as well as on the pro-
posed application based on android and using IoT. This
application includes two stages: Firstly, vital signs are
gathered from various sensors, and then it categorises pa-
tient status. Secondly, the application sends the gathered
vital signs through LTEFemto Cell networks to healthcare
centres for patient prioritisation [168]. Another research
attempted to develop a system that is based on optimisa-
tion using multiswarm PSO technique and can handle
some healthcare issues, such as the delivery of services
to numerous patients, difficulty in storing large data be-
cause of unavailability of servers and data requests that
are uncategor ised and not enhanced by pat ient
prioritisation [169]. Another research utilised ‘MSHA’ to
present a system of telemonitoring based on integration
sensory sources (BP, ECG and SpO2) and non-sensory
source (text inputs). The research tried to enhance the
efficiency of healthcare scalability by assisting the remote
prioritisation and triaging of the heart chronic diseases of
patients [23]. Lastly, another study [26] proposed a meth-
odology to enhance decision-making process for
prioritising patients with CHD through telemedicine.

Healthcare service concerns in telemedicine This section in-
troduces an overview of healthcare service concerns in
telemedicine. Further healthcare services are apparently
required, particularly services supplied from outside of
hospitals [170]. Chronic diseases (e.g., cardiovascular dis-
eases, cancer and diabetes) are critical matters for
healthcare services, given that these diseases embody
one of the first causes of mortality, morbidity and disabil-
ity [171]. Several challenges occur in healthcare service
provision for telemonitoring systems [23, 31]. However,
this study focused on the challenges related to scalability.
The challenges in healthcare service in relation to scal-
ability problem are presented in taxonomy shown in
Fig. 4.

Telemonitoring systems face many serious issues, one of
which is patient prioritisation in healthcare service scalability
[23]. The increasing demand for healthcare service has result-
ed in the essential need to prioritise patients [172, 173].
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Patient prioritisation in healthcare services scalability con-
cerns One of the main concerns in providing healthcare ser-
vice is scalability, particularly in the processes of patient
prioritisation [23]. With the growing demand for healthcare
service, medical services that are highly effective and scalable
are seriously needed [172, 173]. Many research have been
conducted to enhance the prioritisation of patients in telemed-
icine context, as well as resolve the scalability issues [23]. The
dilemma of the growing number of elderly people who need
timely and effective telemedicine services has been discussed
in literature. The increase in the number of patients is estimat-
ed to happen in various cases, such as disasters and ageing
population, as illustrated in Fig. 5 and presented in the sub-
sections below.

Ageing population Healthcare services suffer from massive
challenges due to the increase in the number of patients [28,
174, 175]. Healthcare professionals have to use any advanced

system effectively to meet the increasing system demand
[176]. The key reasons of the continuous growth of older
generation sets are current demographic changes [177] that
cause persistent and earnest problems, such as incidence of
ageing diseases and social and economic burdens [177–179].
A study found an increase in the number of people aged
45 years or more by 11% in the last contract [180]; the per-
centage of visits by physicians in this age range for the same
duration also increased by 26%.

As the number of patients in healthcare increases, the ex-
penditure of patients for healthcare services also increases
[180]. Therefore, the increase in the number of elderly patients
is a challenge in telemedicine systems [23]. Globally, the so-
ciety and the healthcare system are loaded with burdens de-
rived from the ongoing ageing population problems
[177–179]. By 2030, 13% of the world total population is
expected to be assigned to around one billion people aged
65 years or older [181].

Scalability 

Increase in healthcare 

services demand

Online doctor 

visit

Disaster 

scene
Population 

aging 

Healthcare services 

issues

Power 
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Remote 

monitoring
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Healthcare data 
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Fig. 4 Taxonomy of healthcare service concerns and scalability problems
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Numerous problems in chronic diseases are related to the
momentary rise in ageing population and directly influence
medical healthcare expenses [182–184]. The increase of
chronic disease cases along with the increase of ageing popu-
lation (e.g., heart failure, hypertension and diabetes) makes
the healthcare management a serious issue for health systems
worldwide [182]. According to the Medicare and Medicaid
Services Centre [180], healthcare expenditure in the USA in
1970 was around $75 billion, and it increased more to than
$4.3 trillion in 2018, as shown in Fig. 6.

Challenge to global healthcare systems in terms of care
delivery quality [180, 184]. Growth in the number of senior
citizens leads to the growth in the number of elderly patients
[23]. Therefore, researchers have begun to examine how to

improve healthcare service provision systems in response to
the ageing population problems. They have been investigating
and discussing how to enhance healthcare service provision
systems responding to the ageing-population issue. A system
that could precisely identify heartbeat for elderly patient mon-
itoring was proposed in [185].

Disasters and MCIs Disasters cause injuries to a considerable
number of people yearly. However, the provision of medical
services for injured persons remains a concern [41]. In the
study of [186] a system that could be applied to monitor the
pulse rate and SpO2 of casualties was proposed. Furthermore,
in [187], researchers proposed the use of a monitoring system
for the pulse rate and ECG of casualties. These systems can be

Fig. 6 National healthcare expenditure per capita in the USA [180]

Disasters & MCIs

Aging population 

Increasing in the remote users’ number

Increasing in the remote users’ requests for the healthcare services 

Fig. 5 Problems that cause the
increase in users’ request in
RHMS
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used to transfer data to the server side. In such systems, rescue
commanders can monitor casualties in real time. However, the
casualties are not prioritised accordingly. In [188], the re-
searchers demonstrated how various characteristics for an
emergency scenario influence protocol behaviour; they com-
pared the efficiency of common opportunistic routing proto-
cols by simulating disaster scenarios. The study of [189] pro-
posed the network for queuing for the health condition of
victims in the disaster aftermath. An electronic triage system
was also proposed by [186]. This system is composed of two
types, namely, the electronic triage (E-Triage) tags and E-
Triage server. The attached E-Triage tags, which support the
monitoring of vital signs for casualties, enables officers to
identify a casualty whose physiological condition is drastical-
ly changed and requires a rapid response. However, a detailed
triage mode is insufficient in mass casualties or in cases in
which a triage officer is late. Therefore, identifying new risk
evaluation and classification systems enhances intervention
and assists patients, caregivers and their providers in disaster
preparation [190]. In MCI, patients under remote monitoring
might face disruption with the support services required [191].
The capacities of healthcare systems to immediately provide
elective healthcare services to causalities are limited; one way
to solve such problem is to prioritise the patients remotely to
deal with the crowding in case of scalability concerns [23,
192].

Critical review and analysis This section shows a critical
review and deep analysis of the telemedicine application
review in terms of patients’ prioritisation. Physicians or
nurses have no time to search huge records and determine
the vital signs of patients, particularly when the number of
patients with emergency conditions is considerable; there-
fore, a support is needed for them to focus their attention
and efforts to delivering excellent care and discerning
which patients need immediate care and which patients
can wait. A prioritisation process is utilised in telemedicine
environment to rank patients and arrange them according
to severity and facilitate the process of distinguishing pa-
tients with the most urgent condition.

Based on the systematic literature review, the studies by
[23, 26] are considered the most relevant in this area. Such
studies addressed patient prioritisation in a remote environ-
ment and identified those who had CHD. However, such
prioritisation solution can only address prioritisation on pa-
tients with single chronic disease. In [23], the patients were
prioritised by using a priority code (PC) with a range of 0–
100. However, only patients with this range can be prioritised,
whereas those with the same PC value were sorted in a de-
scending order by using the first come first serve (FCFS)
approach. Moreover, FCFS cannot be used in reality, given
that some patients may havemore urgent cases than those who
arrived earlier [193, 194].

Meanwhile, the study of [26] presented a new approach for
prioritising the large-scale data of patients with CHDs; this
approach uses body sensors during disasters and peak seasons.
The patients in this study were scored according to the
MCDM techniques, namely, integrated analytic hierarchy pro-
cess (AHP) and TOPSIS. However, one major problem in this
study is that the proposed approach can only prioritise patients
with a single chronic disease; therefore, this approach cannot
determine the emergency degree of each chronic disease indi-
vidually to accurately prioritise patients with MCDs.

This research has not come across any other research that
has exclusively presented a solution for remote prioritisation
in a large scale of patients with MCDs, especially in the server
side of telemedicine applications (Tier 3). Such issue, if han-
dled and addressed, can save lives, among other advantages.

Furthermore, [26] recommended the adoption of a
decision-making platform for different chronic diseases (myo-
cardial infarction, diabetes and high or low BP). This platform
can be used for patient prioritisation, given the different dis-
eases and emergency levels of each patient. As mentioned, the
present study aims to introduce ways to improve the
prioritisation process for patients with MCDs in the server
(Tier 3) by designing and refinement to accommodate pa-
tient’s requests and strictly prioritise and rank patients with
emergency conditions. Finally, in line with the relevant study
in the remote monitoring environment, the MCDs were con-
sidered as proofs of concept. Further investigation on RHM
through telemedicine and the case study is demonstrated in the
following section.

MCDs in RHMS

Patients may experience various chronic diseases, including
diabetes, chronic BP disease, and CHD. Chronic diseases
have become a growing serious concern in E-Systems of
healthcare worldwide. For instance, the clinical expenses of
chronic diseases in the USA are projected to reach 80% of the
total medical costs, and more than 150 million people may
have chronic diseases by 2020 [195]. Moreover, health sys-
tems and individuals bear huge burdens by chronic diseases
due to the frequent visits of patients, who have chronic dis-
eases, to the ED that are frequently unscheduled, as well as
lengthy admissions in hospital [173, 196].

Healthcare researchers and practitioners have been work-
ing on health monitoring applications out-of-hospital, partic-
ularly in the home environment, for a long time. Telemedicine
requires continuous monitoring of the data relevant to physi-
ological conditions; these data can be used to manage chronic
diseases [197]. Patients whose homes are situated far from
hospitals and who utilise telemedicine may have various
chronic cases, such as chronic BP, CHD and diabetes [198,
199]. Thus, we present a scope for two popular chronic
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diseases from two perspectives, namely, medical and chronic
diseases, as presented in the next subsections.

CHD

Around 12 million people die around the world annually due
to CHDs [195]. CHDs have several kinds, and disease symp-
toms can appear in patients. For instance, ‘cardiac arrhythmia’
is an emergency case that can be life threatening and can lead
to sudden death and cardiac arrest. According to the American
Heart Association (2010), arrhythmia caused the death of
around 55% of patients who had heart disease [198]. Serious
cases of arrhythmia, such as fibrillation or ventricular tachy-
cardia are common results of vortex-like re-entrant electric
waves in the cardiac tissue. The timely diagnosis of CHDs is
crucially needed in the medical field due to the impact of heart
disease to the health and working performance of patients,
particularly elderly patients [195]. Telemedicine plays a piv-
otal role in the delivery of efficient healthcare to patients with
various cardiologic diseases [200]. Numerous research dis-
cuss the involvement of remote monitoring in the manage-
ment of cardiac diseases and cardiac home treatments, dem-
onstrating that remote monitoring is suitable in terms of cost
effectiveness for the same health outcome. Moreover, tele-
medicine methods contribute to chronic heart failure care
[201]. In-home telemonitoring also reduces mortality and
hospitalisation rate [201].

Chronic BP diseases

Around 40% of people worldwide, aged over 25 years, have
hypertension [202]. In general, low-income countries have
weaker dominance of hypertension (35%) than other countries
(40%) [202, 203]. Moreover, the largest percentage of people
with hypertension who are uncontrolled, untreated and undi-
agnosed is higher in low-income countries due to poor health
applications and systems than in high-income countries. This
rise in the distribution of hypertension is due to population
growth, ageing and behavioural risk factors [204]. In summa-
ry, deaths caused by hypertension increases when no appro-
priate action is taken. Rapid detection, suitable treatment and
superior hypertension management have important health and
economic advantages. In [205], 4494 elderly people who lived
in Singapore have hypertension. People who live alone have a
higher rate of untreated hypertension (37.3%) than those who
do not. In [206], the researchers found that hypertension risk
in elderly people who live alone is greater than that in elderly
people who are married or living with others.

One common gradual path in managing hypertension is for
patients living at home to measure their own BP and send the
measurement results in real time to their caregivers. Research
has clarified that monitoring BP at home is as dependable and
authoritative as ambulatory BP tracking [207]. This research

suggests a telehealth system that transmits BP data to a server
and provides a messaging function, which sends daily re-
minders to patients. Moreover, in this research, users had a
positive perception of the usefulness and usability of the
telehealth system. The use of algorithms for health monitoring
through BP sensors has been proposed in many studies [23,
208–210]. Finally, clinical guidelines, as well as programs for
disease management, cover only single diseases, and clinical
studies often excludes people with MCDs [211]. However,
MCDs (e.g., CHD, high BP and low BP) have been set as a
case study in this research, despite being the leading causes of
death worldwide. The sources used to measure vital signs and
provided to patients with MCDs are further described and
summarised in the next section.

Sources used to measure patients’ medical vital signs

The continuous monitoring of health in WBAN needs the
sensors of the system to work at all times [212]. To measure
the vital signs of patients, healthcare professionals use many
medical devices. In telemedicine applications, sensors play an
important role, and patients may need to use various kinds of
sensors [184, 213]; The kind and number of sensors required
for patient monitoring vary among diseases. In [23], the re-
searchers stated that fourmedical sources related to CHDmust
be identified and validated; three of these sensors are utilised
as signal sources, and one, as a text source. A set of heteroge-
neous sources relevant to CHD can be applied in one
healthcare platform, which is significant in healthcare moni-
toring [23, 214]. Table 1 illustrates the brief description of four
related medical sources that can be used to triage patients with
various chronic diseases.

As shown in Table 1, several sensors, sources and text
(heterogeneous sources) are needed in this study. These
sources present the diagnosis and reflect the medical signs
and symptoms of patients with MCDs.

In conclusion, ECG, SPO2 and BP sensors are important,
and they must be employed for CHD. Furthermore, in remote
healthcaremonitoring, non-sensory data are necessary [23], so
that text data can be used as another medical source for the
same disease, that is, CHD.Meanwhile, in chronic BP disease,
sensors for systolic and diastolic BP can be used in this re-
search to measure the emergency level of patients to enhance
the accuracy of triage and healthcare services for patients who
have MCDs. Moreover, connections between complaints and
vital signs are operationalised as the changing relative signif-
icance of vital signs [218]. Hence, each chronic disease (het-
erogeneous data) has different sources; sensors for MCDs and
text should be engaged in this research. Vital signs, such as
SpO2 and ECG, are extremely important to the triage process
because they provide an objective complement to the triage
decision and optimise inter-rater consistency [219]. For each
source of these diseases, classifying the patients and their
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diagnostic information by using the triage process is needed.
Triage protocols can be used in determining the treatment
priority of patients depending on the severity of their situa-
tions [146].

Concern for prioritisation process

Recently, patient prioritisation in terms of MCDs has some
shortcomings, given that it still confronts problems and issues
related to making multiple decisions. Patient prioritisation
with MCDs cannot be solved in existing methods because of
various diseases affecting each other. The prioritisation of
MCDs in telemedicine applications is a difficult and

challenging task because each patient has a multi-group triage
of different diseases for evaluating their emergency status.
The multi-group triage levels vary among patients on the basis
of emergency status. For instance, data variation in multi-
group triage for each patient occurs when patient A has a risk
level for heart disease, urgent level for high BP and normal
level for low BP, whereas patient B has an urgent level for
heart disease, normal level for high BP and risk level for low
BP. In this case, patient prioritisation is difficult due to the
several levels in each patient. Patient A can be prioritised at
the highest level on the basis of heart disease (first disease). By
contrast, patient B can be prioritised at the highest level on the
basis of low BP (third disease). In such case, a confusing
question arises, that is, which patient will be prioritised first?

Table 1 Description of relevant
medical sources used in
monitoring patients

Source Description References

ECG Measure the electrical representation of the contractile activity of
the heart over time. An electrical representation of contractile
activity is used for the short-term assessment of cardiovascular
diseases, especially for people with chronic heart problems.

[23, 201, 215, 216].

SpO2 The pulse oximeter is used to measure the blood oxygen saturation
level of the patient.

[23, 201, 216].

BP Measure the physiological data of the systolic and diastolic blood
pressure of the patient.

[23, 201, 216].

Text Non-sensory measurements are used by triage nurses in the hospital
(ED) to prioritise the patients according to several categories,
such as chest pain.

[23, 215, 217].

Fig. 7 MCDM methods
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Finally, the proposed work aims to provide prioritisation
for patients with MCDs patients, with simultaneous consider-
ation of the triage levels from MCDs, thereby requiring mul-
tiple decision-making in identifying the emergency degree of
each chronic disease for each patient. In such case, all patients
have an available alternative for the decision makers. Thus,
the prioritisation of patients with MCDs involves complex
multiple decision-making problems. Hence, multiple-criteria
decision analysis is essentially needed to address this situa-
tion. The next section presents the suitability of the existing
MCDM methods to solve the complexity of the prioritisation
process for patients with MCDs.

MCDM: an overview

In this section, the definition, advantages, challenges and tech-
niques of MCDM are reviewed. The condition of the art of
MCDM techniques in the healthcare application is also
discussed.

MCDM: definition and importance

The book by Keeney and Raiffa [220] defines MCDM as ‘an
extension of decision theory that covers any decision with
multiple objectives. A methodology for assessing alternatives
on individual, often conflicting criteria, and combining them
into one overall appraisal…’ Another important definition
was provided by Stewart and Belton [221], that is, ‘an um-
brella term to describe a collection of formal approaches that
seek to take explicit account of multiple criteria in helping
individuals or groups explore decisions that matter’.

MCDM is considered one of the common techniques in
decision-making, and it handles the problems depending on
available criteria [222–225]. MCDM involves structuring,
planning and solving decision problems by utilising numerous
criteria [222, 226, 227]. The purpose of MCDM is to support
decision-makers to solve problems with numerous criteria and
alternatives [228–230]. It uses a group of qualitative and quan-
titative methods to overcome complex decision cases, consid-
ering multiple criteria, which might be conflicting [231, 232].

Table 2 Advantages and disadvantage of MCDM techniques

Method Advantages Disadvantage

HAW & WSM • Easily understood and used • Arbitrarily assigned attribute weights
• Difficult adoption with numerous criteria
• Use of common numerical scaling in calculating final score

WPM & MEW • Capability of eliminating any element to be measured
• Use of proportional (rather than real or actual) values

• Incapability of providing any solution with equal DMweight

SAW • Consideration of all criteria/attribute
• Simple calculation
• Intuitive DM

• Need for positive and maximum values for all criteria
• Common incapability of discovering real situation

AHP • Enablement of DMs to structure decision-making problems into
hierarchy trees

• Facilitation of understanding of problems
• Time-consuming support caused by large number of pairwise

comparisons and need for mathematical calculations, which
increase with number of attributes or alternatives

• Substantial restriction imposed by human capacity for information
processing (7± 2 is regarded as comparison ceiling)

• Dependency of scoring and ranking on alternatives
considered for evaluation

• Potential change in final ranking caused by removal or
addition of alternatives (rank reversal problem)

ANP • Provision of full understanding of importance level that can be
assumed by an attribute regarding its correlation with other
attributes

• Enablement of measurement of judgments’ consistency, which
cannot be evaluated when weights are specified by compromise

• Assistance in specifying weights by separation of problem into
small parts such that experts can have manageable discussion
because only two attributes are compared in specifying
judgments

• Complexity of offering proper network structure among
attributes even for experts (Different structures lead to
varying results.)

• Need for formation of super matrix to be pairwise
comparison of all attributes with all other attributes
(complex and unnatural process)

TOPSIS
&VIKOR

• Significant approaches to solving real-world problems
• Application in discretising alternative challenges
• Capability of immediately recognising proper alternative
• Decrease in number of required pairwise comparisons, with

capacity limitation not necessarily controlling the process
• Useful when alternatives and attributes are numerous and when

quantitative or objective data are available
• Basis in aggregating function representing ‘closeness to the ideal’,

which originates from compromise programming method

• TOPSIS and VIKOR include the lack of provision to weigh
elicitation and check the consistency of judgments

• TOPSIS does not consider the relative importance of
distances.
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MCDM can enhance the quality of decisions; it provides the
decision-makers to choose right decisions more effectively
and rationally than the traditional processes [233–235].
MCDM includes (A) ranking available alternatives and (B)
determining the best alternative from available set of alterna-
tives [236, 237]. Accordingly, the suitable alternative(s) will
be scored [238, 239].

MCDM, which was based on ‘Health Science Policy
Council’ recommendation, was first used in healthcare in
May 2014. MCDM involves many methods. Currently, it is
increasingly used in the healthcare field [45, 240], [241].
The aim of the task force was to present a foundational
report on a topic, that is, an MCDM primer, and then focus
on initial recommendations on how to best use the MCDM
methods to support decision-making in healthcare
[242–244].

Thus, the use of MCDM in healthcare has become familiar
[245, 246]. Owing to the different available methods of
MCDM, healthcare decisions become accurate, and the ability
of decision makers to obtain the best solutions improves
[247–249].

Critical analysis for MCDM techniques

Several MCDM theories have been explored. Figure 7 shows
the most commonly usedMCDM techniques that use different
notations [26, 250–255].

The advantages and disadvantage of the popular MCDM
methods are shown in Table 2 [22, 229, 235, 252, 256–262].

According to Table 2, the benefit of TOPSIS and
VIKOR are appropriate for situations with many alterna-
tives and attributes. These methods can find the best al-
ternative rapidly and are the best among others. Both
methods are also specifically convenient to use when
quantitative or objective data are given. However,
TOPSIS determines a solution with the shortest distance
to the ideal solution and the greatest distance from the
negative-ideal solution, but it does not consider the rela-
tive importance of these distances [256]. By contrast,
VIKOR is functionally related to discrete alternative prob-
lems. This technique is one of the most practical routes
for solving real-world problems. However, such tech-
niques cannot determine and break the decision into sub-
decisions to guarantee the accuracy of the prioritisation
process and determine the accurate emergency degree
for patients with multiple chronic diseases that represent
multiple-decision making problems. Even though VIKOR
technique produce balance between the overall utility and
minimising the regret level, increasing the priority level of
patient n over patient m in case patient n is more at risk
than patient m. Alternative solutions for prioritising pa-
tients with MCDs are necessary.

Conclusion

Telemedicine applications, especially in term of patients’
prioritisation, are becoming increasingly popular. These appli-
cations open up immense opportunities for real-time patients
offering respected medical resources and services. However,
relevant research on patients’ prioritisation in applications of
telemedicine has unaddressed restrictions. Four stages have
been presented in this research, which aims to review and
analyse the prioritisation of patients with MCDs through tele-
medicine. In the first stage, no study presented solutions for
the remote prioritisation as the ability to rank a large number
of patients with MCDs, especially in Tier 3. In the second
stage, MCDs (CHD, high BP and low BP) in RHMSs have
been identified and discussed as a case study. This stage also
summarises sources, which are used to measure the vital signs
of patients with MCDs. In the third stage, this paper highlight-
ed that multiple decision-making problems are issues in pa-
tients’ prioritisation over a telemedicine environment. As a
result from this stage, using an MCDM as a solution for com-
plex situations and this issue is essentially required. The fourth
stage discussed MCDM techniques. Here, after reviewing the
MCDM techniques, we found that current methods cannot be
used in the prioritisation process for patients with MCDs. In
conclusion, a new decision theory for prioritising patients with
MCDs over a telemedicine environment is needed.
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