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Abstract

Despite the increasing demand for artificial intelligence research in medicine, the functionalities of his methods in health emergency
remain unclear. Therefore, the authors have conducted this systematic review and a global overview study which aims to identify,
analyse, and evaluate the research available on different platforms, and its implementations in healthcare emergencies. The methodology
applied for the identification and selection of the scientific studies and the different applications consist of two methods. On the one
hand, the PRISMA methodology was carried out in Google Scholar, IEEE Xplore, PubMed ScienceDirect, and Scopus. On the other
hand, a review of commercial applications found in the best-known commercial platforms (Android and iOS). A total of 20 studies
were included in this review. Most of the included studies were of clinical decisions (n=4, 20%) or medical services or emergency
services (n=4, 20%). Only 2 were focused on m-health (n=2, 10%). On the other hand, 12 apps were chosen for full testing on dif-
ferent devices. These apps dealt with pre-hospital medical care (n=3, 25%) or clinical decision support (n=3, 25%). In total, half
of these apps are based on machine learning based on natural language processing. Machine learning is increasingly applicable to
healthcare and offers solutions to improve the efficiency and quality of healthcare. With the emergence of mobile health devices and
applications that can use data and assess a patient's real-time health, machine learning is a growing trend in the healthcare industry.
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Abbreviations PRISMA-ScR Preferred Reporting Items for Systematic
Al Artificial Intelligence Reviews and Meta-Analyses Extension
ANN Artificial Neural Networks for Scoping Reviews

COVID-19 Coronavirus Disease 2019 WHO World Health Organization

DL Deep Learning

EM Emergency Medicine

ML Machine Learning Introduction

Nowadays, people are familiar with artificial intelligence and
machine learning. These terms are beginning to be present
in all facets of the world, whether consciously or uncon-
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Artificial intelligence is a field that is composed of com-
puter science methods and reliable datasets. The objective of
artificial intelligence is to provide novel and effective meth-
ods for problem-solving. It also encompasses sub-fields of
machine learning and deep learning, which are frequently
mentioned in conjunction with artificial intelligence. These
disciplines are comprised of Al algorithms that seek to cre-
ate expert systems that make predictions or classifications
based on input data. The complexity of artificial intelligence
systems ranges from simple methods direction for specific
tasks to abstract methods that aim to imitate human intel-
ligence using computers.

The applications in everyday life with artificial intel-
ligence and machine learning systems are numerous, and
the implementation of these systems, and in particular their
growth, is due to the increase in the availability of data that
our society is experiencing [2]. These types of artificial
intelligence applications take advantage of the large volume
of data to extract as much information as possible from it
and help to elaborate tasks that require human intelligence,
currently transferred to computer systems [3, 4].

The field of artificial intelligence is a set of algorithms
that simulates human intelligence embedded in machines, to
make them have the same capabilities as human beings [5].
In recent years, interest in Al research has grown exponen-
tially, leading to the development of numerous new appli-
cations in a multitude of fields [6]. Figure 1 shows how the
number of articles related to this topic is growing more and
more as the years go by. From less than 1% in 1998 to almost
3% in 2018 [7].

There are different fields of Al learning. Machine learn-
ing and deep learning differ from each other in the way they

Al Publications in All Publications
Source: Scopus, 2019.
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Fig. 1 Growth of IA-related articles between 1998 and 2019 [7]
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analyse and manipulate data and are used to train machines
to mimic human intelligence and behaviour [8].

Machine learning is a critical field of artificial intelli-
gence that includes statistical methods and algorithms to
make predictions using existent data to support the learn-
ing process. On the one hand, deep learning is a subfield of
machine learning. Deep learning enables the automation of
feature extraction to eliminate some processes that have been
typically done by human intervention and make it possible to
use a high volume of information. On the other hand, these
processes need to be manually implemented when using
machine learning algorithms.

Machine Learning has been gaining popularity in recent
years. It is based on using user-defined algorithms to detect
patterns in massive data and make predictions, all autono-
mously [9]. The purpose of this field of Al is to perform
specific tasks without having to be programmed to do so and
without having to depend on a rule-based system [10]. On
the other hand, deep learning uses artificial neural networks
(ANNSs) to carry out the ML process, mentioned above, and
learn how neurons in the brain work.

The conclusion is that as you go up the level, this infor-
mation becomes more complex. This learning is called deep
learning because of the layered representation model and
requires longer periods than ML, due to the multitude of
layers of complex computations it must solve [11].

According to the definition provided by the American
College of Emergency Physicians, emergency medicine is a
medical focused on the diagnosis and treatment of illness or
injury. It has a fundamental role to play in society by receiv-
ing patients seeking urgent medical care [12]. The practice
performed by EM physicians includes the initial assessment,
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diagnosis, treatment, coordination of care among different
physicians, and stabilisation of cases of varying degrees of
acuity for any given patient [13].

The use of machine learning and deep learning can
help to assess data collected over the past years and pro-
vide the information needed to improve emergency medical
processes [14]. It can assist in research and medical trials
based, for example, on clinical image analysis and classifi-
cation tasks, thereby automating the process and helping to
reduce the workload of medical staff, thus avoiding possible
human fatigue that can lead to errors in the important area
of healthcare.

Moreover, emergency medicine has been a major focus
for study and solution development with the advent of arti-
ficial intelligence. Technological advances have brought
various tools that have great potential to improve processes
and will improve the operational efficiency and quality of
healthcare service delivery [14].

There are several studies that support interventions based
on artificial intelligence and can match or surpass the exper-
tise of physicians. On the other hand, there are also a multi-
tude of mobile health apps for mobile devices, which offer
good options for patient progression, as well as providing
patient education materials, receiving personalised guid-
ance and support, data retrieval, and use of self-management
interventions should the user need them [15].

Furthermore, this study is necessary to know the current
situation in different search platforms and to find out the dif-
ferent utilities that these computer systems are capable of.
Currently, proposed methods can perform tasks that would
normally require human intelligence, oriented towards the
field of medicine.

Methodology

The methodology followed was based on carrying out two
different types of systematic reviews:

The first was a review of the literature in articles extracted
from different open access scientific search engines for the
University of Valladolid. The second review was carried out
on different commercial application platforms.

Both reviews were carried out until the end of April 2021,
therefore, all articles and applications published later have
not been considered in the analysis of the following work.

Literature review

Before beginning to detail the characteristics of the
PRISMA-ScR protocol, the articles to be selected must first
be obtained, that is why we proceed to specify the search
strategy used to find a series of articles. These 3 procedures
of the search strategy were carried out successively in each

one of the search engines. In this literature review, articles
were retrieved from different academic search systems:
Google Scholar, IEEE Xplore, PubMed, ScienceDirect and
Scopus. The authors have selected these databases for two
main points. On the one hand, they cover most of the scien-
tific information in fields such as engineering or telemedi-
cine. On the other hand, these databases have been used
by several recent systematic reviews on health informatics
[16-20].

In each of these databases, an advanced search is carried
out by combining appropriate words and/or expressions,
making use of AND and OR connectors. To carry out the
research, specifically the Machine Learning analysis in the
field of health, the following keywords have been mainly
used in combination with each other, although there may
be many more combinations, depending on the criteria of
each user: (“All Metadata”: machine) AND (“All Metadata™:
learning) OR (“All Metadata”: AI) AND (“All Metadata™:
health*) AND (“All Metadata”: emergenc*) OR (“All Meta-
data”: urgenc*).

To minimise this large number of searches and to assist
in the selection of suitable items, various filters are applied.
The parameters set were as follows:

— The date of publication of the article must be
between 2011 and the present day.

— The language must be English and Spanish only.

— The document type criterion. Only documents that
are research or systematic review articles will be
retained, as they gather information from the most
relevant sources.

Appendix A shows schematically the procedure used in
the search strategy. The authors used the PRISMA-ScR Pro-
tocol. This protocol has 4 phases necessary to perform such
a state-of-the-art study. These phases will be carried out
in all search systems until the existing results are finalised
[21] Fig. 10.

Identification phase: Articles were discarded if, despite
including the keywords and filters, they did not go into
the subject matter of this research work in depth. To
carry out the first round of discarding, the articles
obtained were sorted in order of relevance and the title
was read. If the article does not have the expected title,
it will be discarded.

Selection phase: The documents obtained in the
previous phase were screened for duplicate articles.
Moreover, the summary of each of the documents is
consulted and discarded in case it is not potentially
what is expected.

Eligibility phase: In this stage, the article is read indi-
vidually and in its entirety. Insufficiently informative

@ Springer
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Table 1 Number of results obtained in search engines

Academic Search Systems Search terms Search filtering

Google Scholar +1.600.000 29
IEEE Xplore 126.218 579
PubMed 269.704 41
Science Direct 2.061 320
Scopus 365 34
Total: 1.583

articles will be discarded. The opinion of the author/
authors and their conclusions will be considered, as
well as the number of citations the article has.
Inclusion phase: Finally, articles that have not been
discarded in the previous phase will be included in
this review.

The risk of bias assessment points out the transparency of
the results provided by the studies included in a systematic
review. Several systematic reviews on related topics avail-
able in the literature that has adopted PRISMA methodology
do not include the risk of bias [22, 23]. Consequently, this
study does not list the risk of bias. Nevertheless, the authors
highlight this limitation.

Review of commercial mobile applications

A review of currently available mobile applications is also
carried out, to which different search strategies are applied.
The collection of mobile apps (mHealth) was carried out in
the most popular search systems of the smartphone brands.
In this case, the two main and most used app shops have
been chosen: App Store used on iOS devices and Google
Play used on Android devices [9].

Search terms: The first procedure is similar to the
previous review. A set of keywords is chosen that fit the
desired search. The set of words was as follows: “mHealth”,
“eHealth”, “Machine learning and emergencies”, “Machine
learning and health”, “Al and health”, “Al and medicine”,
“mHealth and CoreML (for App Store search)” y “mHealth
y MLK:it (for Google Play search)”. To select the relevant
mobile applications; several criteria have been followed:

The main categories will be "medicine" and
"health and wellness". Other apps focused in other
categories will be discarded.

Apps that have a cost will be discarded.

The rating must be equal to or higher than 2 stars.

Fig.2 Numeric flow diagram
of the PRISMA-ScR protocol % — |IEEE
algorithm = Google Xplorer
S Scholar (n=579)
E (n=29)
E Number of articles identified by database ], Science
m search (n=1.583) J Direct
2 PubMed (n=320)
(n=41)
L_| Scopus
(n=34)
Z
=
= Number of abstract after deleting articles with
é) undesired titles (n= 105)
/m
7}
Number of items removed due to
insufficient summary material (n= 74)
>
=
E Number of full articles after removing
o abstracts of insufficient material (n=31)
2
Number of articles removed due to
insufficient content (n= 11)
Z
o
% Number of studies included in the systematic
6] review and meta-analysis (n= 20)
=
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Fig. 3 Number of results in the
literature review search
Google Scholar

IEEE Xplorer

PubMed

ScienceDirect

Scopus

— The language of the applications must be English
and/or Spanish.

The description of each application is read and then
downloaded to test each application individually and in full.
Apps with insufficient information will be discarded [15].
For applications from the Google Play platform, a Realme
7 5G with Android 10 operating system was used, for appli-
cations from the App Store platform, an iPhone 7 with i0OS
14.5 operating system (latest update until April 2021) was
used.

Appendix B shows the flowchart describing the above-
mentioned procedure Fig.11.

Results
In total, 20 potential information articles in the literature
review and 12 mobile applications in the review of com-

mercial applications were chosen for the analysis.

Fig.4 Number of articles pub- 10
lished in the last 10 years

Literature review

First, applying the corresponding keywords and filters, a
total of 1,583 articles were retrieved through searches in
the identified bibliographic databases, as shown in the fol-
lowing Table 1.

Different criteria were applied to the articles found, dis-
carding 1,478 records whose titles did not meet expectations
during the Identification phase. In this selection phase, the
summary of each of the 105 documents was consulted, and
74 documents were discarded since, in the opinion of the
authors, they were not potentially what was expected.

In total, 31 articles were found for content analysis dur-
ing the eligibility stage and 11 of them were subsequently
eliminated because the information they contained did not
focus on healthcare emergencies. Finally, after eliminating
several articles with the different criteria mentioned above,
20 articles are included in this systematic review.

The screening process of the included results has been
done at least by two reviewers independently. This process

2011 2012 2013

2014

2015 2016 2017 2018 2019 2020 2021
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Table 2 Categorization of

A Group Total References Percentage
literature

Pre-hospital medical care and disease screening 3 [24-26] 15%
Clinical decisions 4 [27-30] 20%
COVID-19 screening, and management 3 [31-33] 15%
Emergency medicine (EM) 3 [34-36] 15%
Medical services and/or emergency services 4 [37-40] 20%
M-Health 2 [41, 42] 10%
Others 1 [43] 5%

has two main stages. On the one hand, the reviewers have
read the title and abstract of each study. On the other hand, the
reviewers have analysed all the manuscript content. The study
is included only with the common consensus of the reviewers.

Figure 2 shows a flow diagram describing the PRISMA-
ScR protocol algorithm with numbers.

Figure 3 shows the number of articles from each search
engine included in this work.

The Science Direct search engine is the platform where
most articles of interest have been selected, followed by
IEEE Xplore. Figure 4 shows the number of articles pub-
lished each year over the last 10 years.

The year 2020 is notable for having 9 articles with infor-
mation of interest compared to previous years. This is mainly
due to research into COVID-19, considered a global health
emergency disease, whose need for detection and treat-
ment through machine learning, among others, is of vital
importance at present. The included studies are divided into
7 major groups according to the content covered in each
of them, as shown in Table 2. These categories have been
defined based on the included studies and under the super-
vision and medical background of the last author. Group
1 includes three studies that focus on methods or systems
to support pre-hospital medical care and disease screen-
ing. Group 2 includes four works that focus on machine

Fig.5 Categorization of litera- Grupo 7

ture in groups according to the 5 Q0

content covered Grupo 6
Grupo 5

learning-based solutions for clinical decision support. Group
3 presents three research studies that focus on the current
pandemic scenario of COVID-19. Group 4 (Emergency
medicine) includes 3 review studies focused on health infor-
matics solutions for medical scenarios that require imme-
diate medical attention. Group 5 includes three works that
focus on services for enhanced medical scenarios. Group 6
includes two research papers that deal with the applications
of mobile computing technologies. Finally, the remaining
one study has been categorized as others since cannot be
included in any of the before mentioned categories.

Figure 5 represents the distribution of the selected lit-
erature concerning the group information represented in
Table 2.

Analysis

Table 3 presents the title, date, authors, and main contribu-
tions addressed in these articles [14-33].

Performance in the review of commercial mobile
applications

Firstly, several searches were conducted on the commercial
platforms. The desired keywords were applied and a total of

Grupo 1

Grupo 2

Grupo 4
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Table 3 (continued)

Category

Main Contribution

Author(s)

Title and date

Ahmad W., Salehi Preety B., & Gaurav G Solutions are proposed through Al by COVID-19 screening, and management

Review on machine and deep learning

performing a scoping review following the

PRISMA-ScR model
The research concludes that so far there is no

models for the detection and prediction of

Coronavirus [33]

June 2020

effective drug for the treatment of patients
with COVID-19, but early detection or

prediction of coronavirus cases may be

possible with these predictive models
Different concepts of ML and DL and their

Emergency medicine (EM)

Garg A., & Mago V

Role of machine learning in medical research:

possible medical application are studied and

analysed

A survey [35]

May 2020

M-Health

This application consists of a switch

Tripti, N. F., Farhad, A., Igbal, W., & Zaman,

SaveMe: A Crime Deterrent Personal Safety

connected to the smartphone via Bluetooth

that is pressed to alert the emergency

H.U

Android App with a Bluetooth Connected

Hardware Switch [41]

August 2018

contact of the victim in question of danger

3,089 applications were retrieved. On the one hand, 2084
results are available in App Store and 1005 in Google Play.

Once the results of the previous table had been
obtained, various filters were applied to narrow down
the results, resulting in 201 applications, of which the
description was read to find the most appropriate the-
matic applications. A total of 168 were discarded, result-
ing in 33 applications, which will be subjected to a final
criterion. Finally, the 21 less generic applications that
did not cover the treatment and/or care of different health
emergency diseases were eliminated. Applications with
similar functionality to others were also removed, result-
ing in a total of 12 applications.

Figure 6 also shows graphically the number of applica-
tions launched in the different years.

Among the health topics most addressed in this review
were clinical decisions, as was the case with the litera-
ture review, followed by apps for pre-hospital medical
care. Consequently, they have been categorised into 5
groups according to the content covered in each of these
apps. The following Table 4 and graph in Fig. 7 shows
the categories.

On the other hand, to find out the impact of these apps
among users, the ratings of each of them on the two com-
mercial platforms have been studied. Figure 8 below shows
graphically the score obtained from O to 5 stars.

The highest-rated app on both platforms is Tok Medi-
cine. Followed by Nabta Health and Redivus Health for
App Store users. And MDCalc and HealthTap for Google
Play users. The AI and ML techniques on which each of
these tools are based can also be divided into 4 differ-
ent groups. The following Table 5 and Fig. 9 show the
categories.

The most used technique is ML-based on natural lan-
guage processing, as most apps have a virtual assistant or
use an advanced search that allows the user to use tags and
filter content. In this way, the system learns automatically
according to the user's preferences and over time will be able
to suggest recommendations or searches more in line with
the user's needs.

Analysis of the obtained applications

Based on the Core ML [56] model and according to the
methodology followed for the selection of each of them,
in the following table are 10 apps (out of the 12 exist-
ing ones) compatible with the App Store. On the other
hand, based on the Kit ML model [57] and the method-
ology followed for their selection, the following table
shows 10 apps (out of the 12 existing ones) compatible
with Google Play. The characteristics of the applications
included in this systematic review are listed in Appendix
C Table 6 [34-45].

@ Springer
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Fig.6 Number of apps pub- 4
lished in the last 10 years

[§%]

-

2011 2012 2013

Discussion

A total of 105 scientific articles from the different databases
were examined to find the 20 successful research studies.
In total, 35% (7/20) were mainly extracted from the Sci-
ence Direct platform. These studies were further classified
into 7 categories, among which 20% (4/20) for medical and/
or emergency service research and another 20% (4/20) for
automated systems for clinical decisions.

Secondly, during the commercial review, a total of 201
mobile applications were examined and 12 of them were
finally chosen. They were classified into 5 groups, of which
25% (3/12) focus on pre-hospital medical care and another
25% (3/12) on clinical decision support. In addition, 50%
(6/12) of them use ML techniques based on natural language
processing, as most of the apps make use of virtual assistants
or advanced searches so that the system subsequently learns
from the user's needs.

Table 4 Categorization of apps

Group Total References Percentage

Pre-hospital medical care 3 [44-46] 25%

Applications for COVID-19 manage- 2 [47, 48] 16.7%
ment

Help with physical illness or dis- 2 [49, 50] 16.7%
ability

Searching for clinical material and 2 [51,52] 16.7%

help among health personnel

Clinical decisions 3 [53-55] 25%

@ Springer

2014

2015 2016 2017 2018 2019 2020 2021

Contrasting the articles found in the literature review with
the applications from the commercial application review,
the search for ML-based mobile applications in the litera-
ture review leads to low results compared to the commercial
review. Therefore, the authors can conclude that the devel-
opment of mHealth applications is more economically and
commercially motivated than research-driven [58].

Mobile apps can optimise the efficiency of health sys-
tem services, facilitating the work of healthcare staff,
and thus reducing their costs. This model can predict
emergency admissions to hospitals and help clinicians
accurately monitor the risks faced by patients. Establish
measures to avoid unplanned admissions that result in
high medical costs [59].

Early prediction and reduction of false alarms.
Patients will avoid going to the health centre as, by
using ML-based mobile health apps, there will be a more
informed patient, who will also follow the indications
of the treatment to be followed and, therefore medical
collapse can be avoided [59]. This is particularly relevant
for pandemic scenarios such as COVID-19. In addition,
follow-up is improved as information about these patients
will be collected and recorded in the electronic medical
record, thus improving the intelligent triage system,
and assisting physicians in patient triage. Furthermore,
mobile health can reduce the workload for medical staff,
allowing them to avoid mental saturation that could lead
to vital errors.

Nevertheless, several limitations are still to be solved.
The lack of availability of technical means in many of the
emergency services is a critical barrier. Still, progress is
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Fig.7 Categorization of apps

Grupo &

25,0%

Grupo 4

also needed, as more of these studies and trials need to be
analysed before a clear conclusion can be drawn on the
effectiveness of this machine learning model [59]. As far
as the use of mobile applications is concerned, a complete
introduction into society is needed based on several func-
tional criteria, such as coordination and uniformity of all
systems accessing the data. Another aspect to be highlighted

Fig.8 Histogram of ratings for
each app

Grupo 1

75 0%
£JI U0

Grupo 2

Grupo 3

would be the establishment of security criteria regarding the
handling and privacy of such data.

As future work, the authors want to explore a machine
learning approach to develop a decision support system to
support medical emergency scenarios considering the main
advantages and limitations of current systems included in
this systematic review.

B App Store [ Google Play

S N o
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Table 5 Categorization of

. Group Total References Percentage
techniques of apps
Al-based on evidence 3 [45, 46, 48] 25%
ML-based on natural language processing 6 [44, 47, 48, 51-53] 50%
ML-based on visual processing 2 [50, 54] 16.7%
ML-based on natural language processing + visual 1 [49] 8.3%
processing
Fig.9 Graph of app technology Grupo 4
Grupo 1
25,0
Grupo 3
Grupo 2

Conclusions

The emergence of mobile health devices and applications,
which can use data and assess a patient's real-time health,
lead to a growing trend in machine learning technologies
applied to the healthcare industry. The technology can help
healthcare experts analyse to identify cases that can lead
to improved diagnosis and treatment. On the one hand,
this technology will reduce diagnosis times. And speed up
immediate patient care. Furthermore, treatments will be
optimised and improved. It is expected that, soon, using Al
and its subfields, complex algorithmic scoring systems using

@ Springer

different variables can be used to predict diagnosis, read-
mission, and mortality rates. The advantages that machine
learning can provide emergency health services play a criti-
cal role in improving triage classification and/or diagnosis
prediction. Through ML, large-scale analysis is expected to
become even more automated than it is today. In the actual
pandemic context, the need to analyse data more efficiently
arises, whether we are talking about data derived from virus
tracking or the analysis of the medical literature that has
been generated and collected throughout this review work.
The use of AI and ML mechanisms will be the key to effi-
cient global health management [60].
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Appendix A
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Fig. 10 Schematically the procedure used in the search strategy
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Appendix B
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Fig. 11 Schematically the procedure used in the search strategy
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