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Abstract

The study is devoted to substantiating the tactics of choosing the signs of the patient’s condition for diagnostic decision-mak-
ing on corrective medical intervention in mobile medicine.

The aim of the research: to study a creation of a methodology for determining the integral informativeness of the patient’s
symptoms during remote monitoring of his condition.

Materials and methods: this article is based on search results in PubMed, Scopus, MEDLINE, EMBASE, PsycINFO, Global
Health, Web of Science, Cochrane Library, UK NHS HTA articles published between January 1991 and January 2021 and containing
the search terms «information technology», «Mobile medicine», «digital pathology» and «deep learning», as well as the results of
the authors’ own research. The authors independently extracted data on concealment of distribution, consistency of distribution,
blindness, completeness of follow-up, and interventions.

Results: concluded that to determine the Informativeness of symptoms in mobile monitoring of patients, it is possible to use
risk indicators of predicted conditions as a universal method. Given that the Informativeness of the patient’s condition changes con-
stantly, for online diagnosis of conditions during remote monitoring of the patient it is recommended to use the function of informa-
tive symptoms from time to time and use a set of approaches to assess the Informativeness of patient symptoms. It is proposed to use
the strategy of diagnosis and treatment using probabilistic algorithms based on the values of the risk of complications of the patho-
logical process, as well as the formulas of Kulbach and Shannon to determine individual trends in the pathological patient process.

Conclusion: there was proposed to use risk indicators of predicted conditions as a universal method for determining the
informational content of symptoms in mobile monitoring of patients.
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1. Introduction

Modern care of patients becomes more individualized. Personalization and constant mo-
nitoring of condition of patients is characterized by constant monitoring of the patient’s condition,
its quantitative assessment, forecasting the values of vital physiological parameters, etc. Hence
the rapid development of e-health [1]. Remote patient monitoring systems are designed to obtain
a number of physiological data from patients. Herewith, a characteristic feature of the current pe-
riod of development of e-health technologies is that in the tasks of designing new devices appear
tasks not only of monitoring, but also algorithms for making decisions about treatment [2]. At the
same time, taking a decision to clarify the diagnosis put forward a number of new requirements
for decision-making logic, new risks associated with the evaluation of information from remote
e-health devices, especially if you have to deal with chronic diseases [3].

If we analyze the problems with the evaluation of information, then, first of all, we have
to face the problem of dimensionality. Therefore, the problem of reducing the dimensionality of
the space of attributes and highlighting the most informative among them is especially topical for
medical practice. As a result, the problem of selection of informative features can be formulated.
It can be considered in the format of a combinatorial optimization problem [4]. But, with the as-
sessment of the informativeness of the information obtained is not so simple. As a matter of fact,
namely the informational content determines the strategy of diagnosis and treatment of the patient.
Indeed, the doctor, who is not able to provide a comprehensive patient workup, besides the fact that
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it is necessary to know the validity of the symptomes, it is also important to assess whether the in-
formation received is enough to make a diagnosis, and if it is not enough, which examinations will
provide the doctor in the shortest time necessary information for further examination [5]. To date,
the assessment of the informational content of the patient’s condition indicators obtained during
remote monitoring is relatively unexplored in terms of informativeness and validity of the patient’s
condition during their continuous monitoring [6].

The aim of the research. To explore the methodology for determining the integral informa-
tional content of the patient’s symptoms during remote monitoring of his condition.

2. Materials and methods

We searched the following electronic bibliographic databases MEDLINE, EMBASE,
PsycINFO, Global Health, The Cochrane Library (Cochrane Database of Systematic Reviews,
Cochrane Central Registry of Controlled Tests [CENTRAL], Cochrane Methodological Register),
Health Technology Assessment Database and the Internet Science (cited index of natural and so-
cial sciences) for articles published between January 1991 and January 2021 containing searches
for «information technology», «mobile medicine», «digital pathology» and «deep learningy», and
also the results of the authors’ own research. Lists of links also included studies. A list of subhead-
ings (MeSH) and text words used in the search strategy can be found in text S1 [7]. All of these
terms have been combined with the Cochrane Library MEDLINE filter for controlled intervention
testing. We only included studies in which a mobile electronic device was a specific intervention
assessed, i. e., a control group that receives only paper information [7].

3. Result

3.1. Definition and general formulation of the problem

Let us understand by informational content the meaning of information for solving a speci-
fic problem [8] states in medical diagnostics, predicting the consequences of treatment, theoretical
and practical results of the methods and values of indicators of the informational content of clinical
signs are studied in detail.

The greatest difficulty in assessing the patient’s condition is the assessment of the informa-
tional content of the information obtained. Usually, a measure of the value of the symptom is con-
sidered to diagnose a particular disease Dj or the patient’s condition [9]. The symptom can be quite
useful for diagnosing some diseases and useless for others [9]. To determine the role of a symptom
in a class of phenomena, an integral measure is clearly needed - the overall diagnostic value of the
symptom. The measure of the diagnostic value of a symptom for a class of different conditions of the
patient should be equal to the mathematical expectation of the measures of the diagnostic value of
the symptom for individual conditions [10]. But, the informational content of the research depends
on its place in the diagnostic process [11]. This dependence «acts» due to the probability of diagnoses
calculated on the basis of previous researches. The same probabilities serve a priori to calculate the
possibilities of diagnoses after receiving the results of the next examination [12]. Therefore, it is de-
sirable to use estimates of informational content that do not depend on the a priori distribution [13].

Mathematical software for calculating of informational content has been developed for the
last 50 years [12]. It has become quite obvious that the informational content of symptoms and cli-
nical signs depends on a large number of factors. Among them should be mentioned the presence of
comorbidities, genetic and other clinical signs with which this symptom has a possible pathogenetic
link, medical intervention and etc. The stage of diagnosis, the place of symptoms in the diagnostic
process, as well as the dynamics of the pathological process have a significant impact on the amount
of informational content of symptoms [14]. In other words, the concept of «informational content of
signs» works in the space of strictly defined clusters of states, at specific stages of the processes of
recognition and prediction of pathological processes. These features of the value of informational
content have been considered in many studies [8]. As a result, it can be concluded that for the three
main processes of modern medical practice (verification of condition of patients; identification of
the existing state of existing clusters; individualization of the approach to correct patients’ condi-
tion) should be developed new or attributed to them previously developed devices [15].
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3.2. Processes of medicine’s transformation. Information technologies in practical
medicine

Information technology (IT) is spreading with incredible speed in practical medicine.
Since 2000 in publications shown that new IT significantly improves the quality of medical care [9].
Robotics, computer monitoring supervision of the patient, augmented reality systems, the Internet,
mobile medicine, telemedicine, and simulation medicine have found widespread implementation.
Already today, «artificial intelligence» (AI) is working in medicine, which after the first successful
application in medicine [4, 16] has become a popular and important direction in both researches
and practical medicine. Devices have been developed to improve the quality of life of people with
Alzheimer’s disease [17], in oncology and other areas [18]. We emphasize that if according to sta-
tistics, in USA hospitals, the accuracy of the appointment of optimal treatment after diagnosis of
lung cancer is about 50 %, then the use of Al, these figures reach 90 %. The method of treatment
can be adjusted depending on changing situations [19].

The development of information technology has provided a new approach for providing
medical care, it is called integrated (intramural) medicine [20]. It is considered as a response to
the fragmentary providing of medical and social services, which is a generally recognized problem
in many health care systems [21]. According to the World Health Organization, complex medical
care is a concept that joins together resources, providing, management and organization of services
related to diagnosis, treatment, care, rehabilitation and health promotion [22].

Another area related to the development and implementation of information technology, which
can lead to major changes in the organization of providing of medical services to the population is
called patient participation [23]. The emergence of this area is due to the fact that the traditional pa-
ternalistic model of medicine, in which patients had a small voice in communication with the doctor
about their health, slowly, but correctly evolved towards a model in which patients and doctors work
in partnership to achieve the common goal is to improve health [24, 25]. This can be crucial in dra-
matically improving the quality of providing medical care to ensure that the patient is involved in the
health decision-making process [26, 13]. However, the emphasis on the decision-making process does
not include the many and varied areas of medical support in which the patient could participate [18].

Today robotics is becoming reality, making possible to move to the next stage of human
evolution. The new paradigm is to implement a crucial global transition from the use of sensor net-
work technology to the network of actuators. This paradigm marks the emergence of a fundamen-
tally new approach, because it creates a ubiquitous, intelligent, «live» Internet [14, 26]. It becomes
possible to provide the logic of determining trends, the real risks of pathology to «conventional
devicesy, and in the near future — to make decisions without human intervention, especially in cri-
tical situations [3]. All this led to the emergence of the Internet of Things — one of the most popular
scientific ideas of modern computer science, which is now being actively implemented [17, 27].

The Internet of Things is a global network of connected to the Internet of Things devices
equipped with sensors, sensing devices, and signalling devices, and the Internet of Medical Things is
a combination of medical devices, software applications, and healthcare systems and services [18].
This infrastructure aims to increase the availability of medical care while improving patient health
and satisfaction with health services [8]. Digital devices can use special sensors to receive various
signals from the outside world, interact with other devices, exchange data for remote monitoring
of the condition of objects, analyze the collected data and make decisions based on them [29, 30].
Examples of health care include remote monitoring of patients’ health using a variety of sensors:
video cameras, temperature sensors, blood pressure, etc. The interaction of the devices is provided
in such a way that from now on long-term data storage becomes possible [31, 16].

At the same time, the development and implementation of IT has created a new list of prob-
lems that are subject to immediate resolution [32].

The pandemic of coronavirus infection (COVID-19), caused by the SARS-CoV-2 virus, has
led to significant restrictions on regular medical treatments aimed at maintaining health, and has
created challenges for the work of medical institutions and diagnostic laboratories [13].

Treatment of patients becomes individualized. Personalization and constant monitoring of
patients determines the new «environment of their existence», which is characterized by constant
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monitoring of the patient’s condition, its quantitative assessment, forecasting the values of vital
physiological parameters [33]. Accordingly, mobile medicine began to develop rapidly. There is
a large number of microelectronic technologies designed for remote monitoring of patients’ con-
dition [34]. Remote patients’ monitoring systems are designed to obtain a number of physiolo-
gical data from patients. The most common data are electrocardiogram (ECG), electroencepha-
logram (EEQG), heart rate and respiratory rate, blood oxygen volume or pulse oximeter, nervous
system signals, blood pressure, body/skin temperature and blood glucose level [2, 35]. In addition,
data on the patient’s weight, activity levels and sleep status are sometimes collected. A characteris-
tic feature of the current period of development of microelectronic technologies is that in the tasks
of designing new devices there are tasks not only of monitoring, but also algorithms for making
decisions about treatment [23, 6]. At the same time, taking the decision to clarify the diagnosis or
ordering treatment has put forward a number of new requirements for the logic of decision-making,
new risks associated with the evaluation of information from remote devices, and etc. It is clear that
in a special risk zone began to be elderly people suffering from chronic diseases [14].

If we analyze the problems on evaluation of information, then, first of all, we have to face
the problem of dimensionality. The number of different signs that describe the patient’s health
condition is very large and sometimes reaches several tens and hundreds of indicators [36, 37].
Therefore, the problem of reducing the dimensionality of the space of signs and highlighting the
most informative among them is especially relevant for medical practice. As a result, the problem of
selection of informative features can be formulated. It can be considered in the format of a combi-
natorial optimization problem. But the greatest difficulty in assessing the patient’s condition is the
assessment of the informativeness of the information obtained [1]. Basically, the informativeness
determines the strategy of diagnosis and treatment of the patient. Indeed, for a physician who is
unable to provide a comprehensive examination of the patient, in addition that it is necessary to
know the validity of the symptoms, it is also important to assess whether the information obtained
is sufficient to make a diagnosis and, if not enough, what research (shortest for time period) provide
the physician with the necessary information for further examination. The same considerations
apply to decision-making regarding the tactics of medical intervention [22].

3.3. Identification of patient’s conditions in mobile medicine

Mobile medicine (m-Health) should provide medical care and control of a healthy lifestyle
using wireless telecommunications technology and mobile devices [35]. It began to spread at the
end of the last century [5], but the meaning of the term is constantly changing and expanding:
from simple healthcare practices using the Internet to the use of complex systems for assessing the
state of the body.

In most technologies, mobile medicine is based on the use of mobile devices designed to
monitor certain vital parameters, process, store and transmit this data. Among mobile personal
devices, a mobile phone (smartphone) is most often used, because a person almost always carries
it with him; it can store a complete medical record of the user in its memory, which can be vital at
critical moments [14].

Almost all the flagship smartphones of the largest manufacturers contain sensors and soft-
ware for m-Health (pedometer, pulse oximeter, health diaries and many more). Mobile applications
help to follow a dietary regime and medication. A smartphone can also become a personal trainer
that distributes workloads wisely and makes progress systematically with the user [29].

However, without a correct interpretation, all this information is meaningless. Moreover,
there are already technologies that are ready to provide ample opportunities for practical medicine,
but which the conservative medical community is just beginning to considerate as a convenient tool
for working with patients. The main problem that delays the implementation in practice is the logi-
cal interpretation of the information obtained by the doctor, because without professional opinion,
any data is simply an array of disordered information [13].

At the same time, it is extremely important to emphasize that mobile medicine can bring
unexpected and important results today. Let us analyze more deeply, in particular, the evaluation of
the effectiveness of remote interaction between doctor and patient [30].
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A study, conducted by team of Scheper Hospital in the Netherlands included telemonitoring
of 102 patients with chronic cardiac failure [8]. The set of measures included not only monitoring of
cardiac activity, but also distance education courses, various exercises and control of medication. If
at the beginning of the study 102 patients had 132 emergency hospitalizations per year (1.29 per pa-
tient), then after a year of remote monitoring their number decreased to 32 (0.31 per patient), or 76 %.
The total number of bed-days for all patients due to all hospitalizations decreased from 975 to 662
per year (by 32 %) [8].

In the second study, a group of authors from the USA and Canada [11] analyzed publications
and surveys about evaluation of the effectiveness of remote monitoring of patients with chronic
cardiac failure. According to the analysis of 15 surveys published in the period from 2003 to 2015,
there was a decrease in the relative risk of overall mortality (range 0.60—0.85) and hospitalization
due to cardiac failure (0.64—0.86) compared with control. The absolute reduction of similar risks
varied in the values of 1.4 % — 6.5 % and 3.7 % — 8.2 %, respectively [26].

Finally, we pay our attention on the study by a team of researchers led by Y. Nohara [6], who
conducted a mass screening of the health condition of 16,741 residents of Bangladesh cities and
villages. All patients according to the results of anthropometric and clinical data were divided into
4 risk groups according to condition. Patients at high risk received teleconsultations and doctor’s
appointments. The study used a tablet PC, tonometer, glucometer, test strips for urine tests and
other portable equipment. The main criterion for the effectiveness of screening, the authors consid-
ered a lowering the average arterial blood pressure. As a result of monitoring, most patients showed
improvement of condition, which allowed them to be transferred to lower risk groups, and the aver-
age level of systolic arterial blood pressure decreased from 121 to 116 millimetres of mercury [37].

Another important practical consequence of mobile medicine is the possibility of involving
narrowly specialized medical specialists in the diagnosis and treatment of patients [4], which can
be difficult for most regions of the country. Mobile medicine contributes to the effective solution of
dispensary observation programs for patients with chronic diseases, especially in cases of a large
number of patients who need dynamic monitoring [38].

Most studies focus on the possibility of achieving a significant economic effect when using
mobile medicine. It is clear that prevention and treatment of diseases in the early stages is econo-
mically feasible. It is also obvious that for the timely detection of abnormalities it is necessary to
ensure constant monitoring of indicators of the functional state of the organism. All this data can
be transmitted remotely.

3.4. Intellectualization of mobile medicine

From 2000 years to the present day have marked the emergence of Smart healthcare — a health
care service system that uses mobile medicine, the Internet of Things (IoT), the mobile Internet, for
dynamic access to information, connection of people, materials and institutions related to health care,
and in principle new active management of medical care. Smart healthcare can facilitate interaction
between all participants in the field of health care, ensure that participants receive the services they
need, help the parties to make informed decisions and promote the rational allocation of resources.
In other words, intelligent health care is a new level of information design in the medical field [27].

Physicians can manage medical information through an integrated information platform that
includes a laboratory information management system, picture archiving and communication sys-
tem (PACS), an electronic medical record, and etc. More accurate surgery can be achieved with the
help of surgical robots and mixed reality technology. From a hospital perspective, radio-frequency
identification technology (RFID) can be used to manage human resources and the supply chain, using
integrated management platforms to gather information and assist in decision-making [20, 24]. The
use of mobile medical platforms can improve the experience of patients, from the point of view of re-
search institutes, it is possible to use such methods as machine learning instead of manual drug screen-
ing and to find the necessary subjects using big data [22]. Using these smart healthcare technologies
can effectively reduce the cost and risks of medical procedures, increase the efficiency of medical
resources, promote exchange and cooperation in different regions, stimulate the development of tele-
medicine and self-care in health care, and ultimately make personalized medical services compatible.
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3.5. Problems of minimizing scope of researches. Informativeness of symptoms

One of the main problems in the use of mobile medicine is to minimize the number of
features to be used in procedures for monitoring, assessing the severity of patients, differential
diagnosis of their conditions and decision-making on possible intervention [4]. This problem is
obviously clear, but its solution is very difficult and does not yet have a single solution. According
to the research, the point is that there is never a complete certainty that the patient has identified all
the changes in his organs and systems that may occur during observation [26]. It is clear that if such
changes are detected during the providing of medical care in a medical institution, the correction
of diagnostic and treatment procedures can be carried out almost without problems, but in cases of
remote medicine, changing the treatment plan may be difficult [31].

Accordingly, the choice of features is of high differential significance and their aggregates
in the dynamics of treatment of similar symptoms are the first important stage in the construction
of mobile medicine systems [38].

Assessment of the significance of symptoms is often carried out using the characteristics
of informativeness. It is important to note that these characteristics depend on the stage of use of
clinical signs in the process of recognizing pathological processes [1, 39]. Indeed, at the first stage,
when there are not many advantages of any of the diagnoses, a certain symptom can justify the
strategy of further examination, ie to be very informative. In the further diagnosis of the patholo-
gical process, completely different clinical indicators may be important and provide a differential
diagnosis [7]. Many methods of determining informativeness have been studied. They are usual-
ly divided into several groups — informational, probabilistic, conditionally probabilistic, spatial,
graph-analytical and others. The Hartley function, or Hartley’s amount of information, or Hartley’s
measure, is a logarithmic measure of information that determines the amount of information con-
tained in a message [8].

More popular probabilistic algorithms are designed to solve problems, the exact solution of
which is impossible or irrational, because the distribution of the variable in the sample differs from
its distribution in the population. To determine and measure the impact of informativeness, we
compare the design and model variances of the estimated parameters (as well as the estimated pa-
rameters themselves) in the logistics model under the assumption that the model that is postulated
is true. For adequate modelling of data from informative samples, we consider two possibilities: to
use the planned conclusion about the parameters of the model or the model conclusion.

3.6. Probabilistic methods. Measures of Kullback and Shannon
Kullback’s method offers as an assessment of informativeness - a measure of the difference
between the two classes. According to this method, informativeness is calculated by formula (1):

J(x) = Y101g-P(x/Ay)-P(x;i/A2)-0.5[P(ezy) P /Ao, )

J(x;) — informativeness of the feature, P — the probability of hitting the feature in the first class 4,
P, — the probability of hitting the feature in the second class 4,, j — feature range number x;. It is
clear that J(x;) is always > 0. Hence, the value J(x;), being always positive, will reflect the absolute
value of the contribution of this range in the approach to any correct diagnostic threshold.

In turn, Shannon’s method — evaluates informativeness as a weighted average amount of in-
formation that falls on different gradations of the feature. Note that the measure of informativeness
provides in this case the assessment of information regardless of its content [15].

Note that between the classical probabilistic estimates of the value of information to solve
a particular problem and measures of information theory can be bridges. Thus, for the case of a uni-
form law of probability density distribution, Shannon’s measure coincides with Hartley’s measure.
The main advantage of Shannon’s formula is its abstractness from the semantic, qualitative and
individual properties of the system. In contrast to the Hartley’s formula, it takes into account the
difference of different probability states — the formula has a statistical character, which makes this
formula convenient for practical calculations [40, 16]. Comparing the methods of determining the
informativeness of the feature, it should be noted that the Shannon method allows to determine the
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informativeness of the feature involved in the recognition of any number of classes, and the sample
size of observations for two recognizable classes may be different [10].

The relevance of the use of probabilistic algorithms is determined by the need for economical
use of memory. They allow you to solve tasks that can be solved in other ways, but too expensive,
which requires a lot of time and other resources, help to create cheaper and more predictable sys-
tems [27]. Summarizing this section, it should be emphasized that the use of methods of probability
theory is more than acceptable, because despite the possibility of error, probabilistic algorithms
should be used on big data, they contain a share of randomness, which can be quantified. This ran-
domness can be analyzed and a reliable prediction of the behaviour of the algorithm can be obtained.

3.7. Features of technologies of remote control of processes of rendering of mobile
medical care

Dozens of recent studies have addressed four main issues — the development and applica-
tion of standards for receiving, transmitting and storing information when examining patients in
a mobile format, ensuring the compatibility of devices used in mobile medicine, remote control
of devices to obtain information about the patient’s condition, and preservation of the patient’s
personal data [41]. Network technology that provides wireless data transmission with sensory de-
vices located in the human body or around the human body is called the sensory network of the
body (BSN). It can be used to monitor multiple vital metrics in real time, ensuring that data is
stored through a base station on a remote server where it can be recorded and made available to
medical personnel [14, 28]. It is proven that this technology potentially provides significant benefits
for the diagnosis and treatment of patients, as it minimizes limitations in daily life, which allows
the patient to move freely, while providing continuous monitoring [18]. However, the wireless na-
ture of network connections creates a number of problems for communication reliability [41].

The architecture of the combination of devices varies widely. But, most BSN systems pro-
posed in the literature are based on a two-stage architecture, where sensitive devices transmit
data over non-wired networks to a personal unit, which in turn provides data transfer to the base
station [43, 44]. However, study [40] proposed an approach in which in a BSN system called Health
Monitoring for All (HM4All), sensitive devices interact directly with the base station or with Zig-
Bee routers. The latter are able to provide a route between devices and maintain communication.
They are mainly used to extend the range of the ZigBee network. This approach has the advantage
that the patient does not have to carry a personal unit. It also reduces the number of wireless con-
nections between sensitive devices and the base station. It should be emphasized that, despite the
large volume of research, there is, unfortunately, no common understanding regarding the stan-
dards of information transmission in mobile medicine [7, 38].

As you know, ZigBee is based on the CSMA protocol, which is used in two variations —
CSMA/CD (Carrier Sense Multiple Access with Collision Detection) — refers to the IEEE 802.3
standard, i. e. multiple access to the common transmitter environment in a local computer net-
work with collision control. There are two variations of CSMA CA - collision avoidance (CA)
and CSMA/CD (collision detection) refers to decentralized random (more precisely, quasi-ran-
dom) methods. It is used both in conventional Ethernet networks and in high-speed networks (Fast
Ethernet, Gigabit Ethernet). This is a common category of access control protocols in which sta-
tions listen to a channel before transmitting [28, 45].

Some versions of Ethernet use a variation of CSMA/CD, while wireless networks such as
ZigBee and Wi-Fi use a second variation of CSMA-CA (Collision Avoidance), i. e. multiple access
with carrier control and collision avoidance. It is a network protocol that uses a carrier wave listen-
ing circuit and the station that is about to start transmitting sends a special signal (congestion sig-
nal) and after a long wait of all stations that can send this signal, the station starts transmitting the
data frame [46, 47]. The node to which the data packet is to be transmitted performs the procedure
of assessing the purity of the channel, i. e. listens to the noise in the transmission medium for a pre-
determined period of time. If the transmission medium is evaluated as clean, the node may transmit
a data packet. Otherwise, if another transmission is performed, the node is «removed», i. e. waits
a certain amount of time before starting the procedure of sending the packet again [12, 29].
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Thus, in the first case, the stations stop their transmissions when a collision is detected,
allowing the channel to be used again (to detect collisions, the stations listen for interference sig-
nals during their own transmissions). This approach is usually impractical for wireless networks
because the interference signal is much weaker than the station’s own signal. In this case, these
networks rely on CA mechanisms [8]. However, in both cases, despite the use of the CSMA me-
chanism, the frequency of collisions tends to increase with increasing traffic load. In addition,
CSMA-CA-based protocols are vulnerable to the problem of hidden nodes. In a CSMA-based net-
work, a node can only transmit if the channel is idle. The hidden node problem also occurs when
the carrier detection fails, and the node starts transmitting when another node has already occupied
the channel. If both transmissions are within range of the receiver, a collision occurs, which signifi-
cantly reduces the reliability of communication [9, 18].

The lower levels of the ZigBee protocol are defined by the IEEE 802.15.4 standard, which was
widely accepted by the community of wireless sensor networks [44]. ZigBee is successfully used in
several wireless sensor network applications, which typically generate event-based traffic and low
data rates. Currently, it is also the most widely used protocol in BSN applications, the latter usually
generate periodic and often intensive data traffic. However, IEEE 802.15.4 does not provide a spe-
cific mechanism for preventing the problem of hidden nodes, which has prompted some authors to
consider specific scenarios and suggest strategies to mitigate it. The three most notable of these are
related to the grouping of nodes that have two-way communication with each other [40]. However,
these strategies require modifications to the source protocol and consider beacon-enabled networks
consisting of static nodes, which is not the scenario discussed in this paper. Given the peculiarities
of BSN traffic, it is necessary to evaluate the suitability of ZigBee for BSN applications [12].

The task of wireless networks WBAN (Wireless Body Area Network) is to maintain vari-
ous medical applications, such as monitoring the condition of the body. We emphasize that there
are two types of installation of sensor nodes: wearable devices (or can be in close proximity to the
patient), and implantable devices [48].

However, using WBAN causes a lot of problems. They are related to the need to use ex-
tremely low power consumption, light weight, the ability to implant sensors, maintain security
and confidentiality, ensure reliable transmission of vital data from the patient, the ability to call an
ambulance, connect through disparate networks in real time, low complexity, proper use of stan-
dards, ensuring interoperability, low cost, ensuring high quality service, etc. [36]. Therefore, it is
clear that with so many problems of high-quality and practical systems for monitoring the state of
the organism as of today there are few [27]. Nevertheless, the study [11] discussed the possibilities
of different types of intelligent medical sensory devices that can be placed on the human body.
Physiological information comes from sensory devices and is processed in a data bank.

One of the most important issues in the implementation of WBAN is the design of routing
structures and protocols. Routing protocols can be divided into two broad categories:

1) flat routing protocols, where each sensor node in the WBAN plays the same role;

2) hierarchical/cluster routing protocols, where different sensor nodes can play different roles.

Using the routing method, it is possible to easily measure the technological characteristics, in
particular, how many packets will pass along this route from the sensor nodes. Five routing strategies
were analyzed in [39, 40]: thermal routing protocols, cluster routing protocols, cross-level routing
protocols, QoS-previously used routing protocols, and routing protocols with latency support.

The article [13] emphasizes the advantages of the routing method in WBAN. The bandwidth
requirements for WBAN are relatively low. WBAN provides flexible data rates from 10 kilobits
per second (Kbps) to 10 megabits per second (Mbps). Each sensor unit can operate at a speed of
250 Kbps through the mechanism of cyclic mode. An efficient compression algorithm is required to
transmit medical data, and reliability is considered to be another key factor [6, 49]. WBAN uses li-
censed wireless medical telemetry services (WMTS) for the medical telemetry system, unlicensed
ISM band (2.4-2.4835 GHz) and ultra-wideband (UWB) and medical implanted communication
services (MICS) for data transmission. Other technologies are also used, such as wireless inter-
net (IEEE 802.11/a standards, c, g), Bluetooth (IEEE 802.15.1 standard), ZigBee (IEEE 802.15.4
standard), etc. The WBAN transmission bandwidth requirement is 1.2 MHz. In terms of power
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consumption, UWB provides better performance than Bluetooth and ZigBee. UWB provides
a highly integrated low-cost solution for modern, high-speed, short-distance communication. Wire-
less Broadband (WiBro) (IEEE 802.16 e) is a new type of mobile WiMax that supports real-time
medical data transmission without space and time constraints [40].

Note that remote control of devices is acute both in the tasks of «pure» mobile medicine
and in the format of a new approach, called the «Internet of Things» (IoT) and machine-to-ma-
chine (M2M) interaction. Bluetooth Low Energy (BLE) and ZigBee are most commonly used in
IoT. The devices operate at frequencies of 2.4 GHz. When designing BAN-networks, the main
attention is paid to energy efficiency, which implies low energy consumption by nodes. Also, these
networks support only the star topology, however, with a high degree of scalability.

BANSs use several sensor and/or actuators of nodes that communicate with a network con-
troller (BAN Network Controller, BNC), implemented, for example, in the form of a phone or
laptop [40]. The received information can be transferred to the user’s device, and the use of a spe-
cially developed application will allow to calculate human activity, change health indicators and, if
necessary, will give recommendations for the successful achievement of the user’s goal. In the pos-
sibility of modelling and visualization of WBAN systems for telemedicine is analyzed, which may
constitute another future era of sensor networks [1, 41]. According to the authors, the goals of the
system could be the collection and processing of vital information about patients; fast and secure
data transfer; accurate and fast monitoring and diagnosis of the body. Fig. 1 shows the proposed
structure of the network telemedicine system with sensors on the surface of the body. It consists of
three stages based on the ease of use of standards and technologies.
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Fig. 1. Telemedicine system with remote monitoring of the object: BAN — network of
the body area; BANC — coordinator of the body area network; DAC — data collection center;
TMH - telemedicine hub; WBAN — wireless network of the body area

In the first stage, the authors proposed a WBAN, consisting of several external and internal
sensor nodes, each of which receives certain physiological data from the human body and interacts
with the main node, known as BANC. It is believed that the possibility of «star» topology is quite
sufficient in WBAN (network coverage of 2 to 5 meters), where BANC is located centrally and each
sensor is directly connected to the main node. As a rule, several BANC:s are required to continuously
obtain clinical data from the source nodes. Based on the critical condition of patients, the data is pro-
cessed and transmitted to medical experts, as well as stored on a specialized medical server, which
can be used for statistical modelling, compression, privacy, optimal path design and process planning.
For the purposes of collecting images and data, an image archiving system has been proposed [40, 41].
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3.8. Features of problem statement in e-health

Traditional systems collect data using sensors attached to the body. But these systems create
difficulties in terms of mobility for the patient and his activities in everyday life. Because such
devices affect patient comfort, sensitive physiological data are affected. Thus, the indications may
not represent the actual disease of the patient, but rather indicators of the discomfort he feels during
physiological examinations [13].

It has already been noted that the informational content of the research depends on its place
in the diagnostic process. This dependence «acts» due to the probability of diagnoses calculated
on the basis of previous studies [14]. These probabilities are a priori for calculating the possibilities
of diagnoses after receiving the results of the next examination. Therefore, it is desirable to obtain
such estimates of informational content, which would not depend on the a priori distribution of
probabilities of pathological processes (condition of patients) [21, 50]. The author has previously
proposed the use of risk indicators of the condition (or transition to another condition with higher
risk characteristics) as a universal method of determining the informational content of symptoms.

Hence the basic principle of construction of the diagnostic process: the decision is made for
which the average risk associated with its error will be minimal. The next steps are to determine the
informational content of the signs that change continuously during the diagnostic process, for exam-
ple, during the monitoring of the patient’s condition in e-health. In this case, to assess the informa-
tional content of the signs for the transition between the two states of the patient, it is proposed to use
the formulas of Kullback and Shannon [6, 14, 41]. The calculation of informational content according
to Shannon is carried out as a weighted average amount of information per different gradations of the
feature. Accordingly, it receives an estimate of informational content as a normalized value, which
varies from 0 to 1. Therefore, the informational content of the feature determined by the Shannon
method can be said in digital representation from 1 (highest informational content to 0 — lowest).

Interestingly, in most studies there are no recommendations or justifications in which cases
should apply one or another measure of informational content.

4. Discussion

4.1. Key points of systematic research

Trials of support from healthcare providers show some promising results in terms of clinical
management, appropriate testing, referral, screening, diagnosis, treatment and triage. However, the
studies included in our review had a high or unclear risk of bias. In particular, only one of trials
clearly reported that the distribution was hidden, and if there is no concealment of the distribution,
the reported results may overestimate the effects [7, 51]. To date, no trials have reported the impact
of mobile-based clinical diagnosis and management on objective health outcomes. Most studies to
support healthcare providers in clinical diagnosis and treatment have used PDAs and specialized
application software functions. Although handheld computers are no longer widely used, custo-
mizable features in application software are now available on smartphones or tablets. Mobile-based
interventions may not be appropriate for some clinical processes.

The data available for making a clinical diagnosis or calculating early warning scores can be
reduced, and the time required for medical processes can be increased. There was no clear evidence
of the benefits of mobile-based educational activities for healthcare providers [7]. With regard to
interventions using mobile technologies for transmission of visual data, the time for diagnosis,
transmission of ECG or diagnostic errors has increased. Two trials using photographs taken with
a mobile phone reduced the accuracy of the diagnosis of fractures, skin ecchymosis and the possi-
bility of re-implantation compared to the gold standard. However, the use of such technologies may
be more relevant in conditions where the gold standard is not available. In addition, the quality of
photos on mobile phones has improved since the completion of these studies.

Mobile-based diagnostic and management support may be most relevant to healthcare pro-
viders in developing countries, where mobile phones have the potential to provide evidence-based
clinical support and guidance to telecommuting healthcare providers and in circumstances where
a senior healthcare professional support staff or other infrastructure not available [52]. One
high-quality trial reported increased adherence of health care workers in Kenya to treatment

56

Medicine and Dentistry



Original Research Article: (2021), «KEUREKA: Health Sciences»
review article Number 5

recommendations for malaria [53]; however, data from controlled trials to date have come main-
ly from high-income countries, where the «standard care» control group can be very different
from the «standard care» available in low- or middle-income countries.

4.2. Advantages and disadvantages

To the best of our knowledge, this is the first comprehensive systematic review of trials of
all mobile technology interventions delivered to healthcare providers and healthcare service sup-
port to improve healthcare or healthcare delivery. The review expands and updates the results of
previous systematic reviews that focus on specific devices and/or specific functions and/or specific
health topics [11, 51]. We found more than double the number of tests of training activities and tests
of PDA programs identified in previous reviews [11, 25]. The results of our review are consistent
with the findings of Krishna et al. and car texting can reduce missed appointments [44, 51].

Our systematic review was extensive. We pooled results only when the intervention func-
tion (e.g., SMS messages), the trial objective, and the results used in the trials were the same. It sum-
marizes the findings regarding clinical diagnosis and treatment and educational interventions [54].
It was impractical to combine these results because the measures were aimed at different diseases and
outcomes. In addition, it is likely that there are important differences in the content of the interven-
tions of these interventions (such as the behavioural change methods used), even in those that use the
same mobile technology functions (for example, application software). It was not possible to investi-
gate how the different components of the intervention influenced the results, as the components of the
intervention were not described consistently or in detail in the authors’ works [7]. It was not possible
to investigate how disease components of the intervention and outcomes influenced outcomes.

We were unable to statistically investigate the factors that contribute to heterogeneity be-
cause there have been few studies of similar interventions that reported the same results, resulting
in limited scope for such analyzes. It was not possible to statistically investigate the mechanism of
action of the interventions because there were too few similar interventions that reported the same
results [7]. In addition, the authors of the descriptions of the interventions were not detailed enough
to allow the study of the mechanisms of action. Research into the cost-effectiveness of interven-
tions with modest benefits, such as reminder to prescribe, was outside the scope of this review.

4.3. Challenges and Prospects for Future Research

High quality trials are needed to establish the impact of clinical diagnosis and management
support (e.g. protocols/decision support systems) on clinical outcomes using customizable mobile
phone application software functions. The impact of such support on the management of various
diseases and on objective disease outcomes should be assessed. It is imperative that future trials
of mobile clinical decision support tools, guidelines and protocols be conducted in low- and mid-
dle-income countries. Many of the interventions evaluated to date are low-intensity, single-com-
ponent interventions [7]. The consequences of more intensive interventions using multicomponent
mobile technologies should be evaluated. Authors should describe in detail the components of
future interventions so that the mechanisms of action and the impact of different components on
outcome can be examined.

Trials should evaluate the impact of using photo or video features to support healthcare
providers versus standard care (where gold standard options are not available) [22, 51]. As the tech-
nology capabilities of mobile phones improve, for example in terms of photographic quality, further
testing may be required on the impact of mobile photography on diagnostic accuracy [55]. Further
research should evaluate the impact and cost-effectiveness of mobile technologies to increase the
speed of communication between clinicians and patients, such as test results.

Interventions that combine elements of mobile technology with other treatments, such as
clinical counselling combined with text messaging, should be systematically reviewed.

5. Conclusions
1. There was proposed to use risk indicators of predicted conditions as a universal method

for determining the informational content of symptoms in mobile monitoring of patients.
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2. Taking into account that the informational content of the patient’s condition is constantly
changing, for online diagnosis of the patient’s body during remote observation of the patient it is
recommended to use the function of informative symptoms, as well as use a set of approaches for
comprehensive assessment. It is proposed to use the strategy of diagnosis and treatment using prob-
abilistic algorithms based on the values of the risk of complications of the pathological process, as
well as the formulas of Kullback and Shannon to determine individual trends in the pathological
process in the patient.
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