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ABSTRACT

Over the past period different reports related to the artificial intelligence (Al) and machine learning used in
everyday life have been growing intensely. However, the Al in our country is still very limited, especially

in the field of medicine.

The aim of this article is to give some review about Al in medicine and the related fields based on pub-
lished articles in PubMed and Psych Net. A research showed more than 9 thousand articles available at

the mentioned databases.

After providing some historical data, different Al applications in different fields of medicine are discussed.

Finally, some limitations and ethical implications are discussed.
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INTRODUCTION

METHODOLOGY

In the last period different reports related to
the artificial intelligence (Al) and machine learn-
ing in everyday life have been growing intensely.
Although the research related to machine learning
has a longer history, the algorithms based on the
neural network included in the artificial intelli-
gence are relatively new. Consequently, it could be
said that Al in medicine is relatively a new field.
The aim of this article is to give some review about
Al in medicine and the related fields. Al is used
in different fields of medicine such as anaesthe-
siology, ophthalmology, surgery, rheumatology,
cardiology, mental health etc. I will try to give a
review about Al used in medicine today.

This article is a review based on published
articles. If we use the key words: Al and medi-
cine, more than 9 thousands of articles become
available on PubMed and PsyNet. The growing
tendency of published articles related to the arti-
ficial intelligence is shown on Fig. 1 [1].
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Fig. 1. Artificial intelligence publication outputs, 1991-2020

HISTORICAL DATA

The Al approach has a long history, starting
in the 1950s. It began as attempts to investigate,
understand, and build computational models based
on scientific knowledge used in the biomedical
field, by developing computational systems for
processing and interpretation clinical data. The
results in the first phase of Al in medicine re-
search appeared in the mid-1970s when the SU-
MEX-AIM time-sharing resource at Stanford
University was succeeded followed by series of
Al workshops in medicine [2, 3].

As it is known, traditional computer pro-
grams are based on explicit instructions bringing
out certain behaviours from a machine based on
specific characteristics. Machine learning, addi-
tionally, allows programs without explicit pro-
gramming, where data are broader, including
numbers, images, text, speech and sound data.
The programs include algorithms used to solve

Artificial Intelligence

Machine Learning

Deep Learning

some problem based on learning. Machine learn-
ing problems are often separated into those that
require classification (dividing data into discrete
groups) and those that require regression (mod-
elling data to better understand the relationship
between two or more continuous variables with
the potential for prediction) [4]. The main subdi-
visions of Al are presented in Fig. 2.

The following step in Al development was
the use of fuzzy logic theory, which was first-
ly described in 1965. As known, standard logic
allows the concept of bimodal choose (true -1
and false- 0), while in fuzzy logic system it was
possible to choose partial truth (value between 0
and 1). In this context, my team published in 1991
the article named “MEXY S2: A Fuzzy Reasoning
Expert System Based on the Subject Emotions
Consideration”. Fuzzy logic often uses rule-based
systems that have been largely applied in control
systems where precise mathematical functions do
not accurately model phenomena. Our research
was related to an expert system for personality and

------- Computers mimic human intelligence

«++ Models improve with experience

- Models contain layers of interconnected neurons

Fig. 2. Artificial intelligence and its sub-divisions
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emotional profile assessment. The expert knowl-
edge and the basic computational procedure were
based on a standard psychological test, where
fuzzy reasoning and uncertainty assessment are
features of this system. In this context, we showed
a great interest for application of new methods in
the field of medicine and psychology [5].

Classical machine learning uses properties
within data to perform tasks, where features are
analogous to independent variables in a logic re-
gression or used to perform classification.

Today, the neural networks model is the
most used one in machine learning, based on the
biological function of the nervous system [6 7,8].
Here, process signaling is passed by layers of com-
putational units (neurons) in which the input data
have passed different mathematical transforma-
tions providing the result. Multiple connections
between neurons exist in the layers which are fur-
ther parametrized to different weights depending
on the input-output maps, giving information on
particular task (i.e. image recognition, classifi-
cation, etc.). Neural networks are a technique
that has now been applied in different subfields
of artificial intelligence having the flexibility in
analysing various types of data. In the field of
machine learning we have published the article
“Machine learning approach for classification of
ADHD adults”, Int. J Psychophysiology, (2014).
In our study the measurements are taken for four
different conditions: two resting conditions (eyes
open and eyes closed) and two neuropsychologi-
cal tasks (visual continuous performance test and
emotional continuous performance test). We di-
vided the sample into four data sets, one for each
condition. Each data set was used for training of
four different support vector machine classifiers,
while the output of classifiers is combined using
logical expression derived from the Karnaugh
map. The results showed that this approach im-
proves the discrimination between ADHD and
the control groups, as well as between the ADHD
subtypes [9].

Natural language processing is a subfield
of artificial intelligence that focuses on machine
understanding of the human language. In medi-
cine, the most natural application of the natural
language processing is the automated analysis of
electronic health record data [10].

Computer vision is additionally one oth-
er field of AI which comprises machine under-
standing of images, videos, and other visual data
(e.g., computed tomography). In medicine, the

application of computer vision in pathology and
radiology allowed the reduction of errors in diag-
nosis based on slides and x-rays that have a high
probability of demonstrating pathology [11].

AT IN DIFFERENT FIELDS
OF MEDICINE

The latest article in JAMA reports provide
authors, researchers, reviewers, and editors with
some guidance for transparent and accountable
reporting for the use of Al in research and publi-
cation, where a guideline and update recommen-
dations and Instructions for Authors are presented
[12]. The same author pointed out that in medical
research, data sharing facilitates new discovery
and innovation, transparency, and reproducibil-
ity, and, ultimately, trust in science [13]. In this
context, JAMA network journals expanded the
requirement for data sharing to all authors giving
them some guidance. So, in all fields of science it
is very important to publish and share own results
with other researchers. I will cite in this paragraph
the opinion of my husband (J. PJ) who accentuated
that if you do not publish and share the results of
your own performed research it means that this
research did not exist!?

Rivera SC et al. [14] aiming to improve
the completeness of clinical trial protocol report-
ing, published the standard protocol items — rec-
ommendations for interventional trials (SPIR-
IT-Al). Interventions involving artificial intel-
ligence additionally need to undergo rigorous,
prospective evaluation to demonstrate their impact
on the health outcomes which led to extension of
SPIRIT-AI in CONSORT-AI including new items
where Al intervention will be integrated.

Al methods are broadly used in surgical ed-
ucation and research and are summarized in the
JAMA surgical guide to statistics and methods
website [15]. This guide provides an overview
of the important steps in using Al in surgical ed-
ucation research.

Especially, Al is used in the field of an-
aesthesiology, for anaesthesia monitoring, con-
trol, risk prediction, ultrasound guidance, pain
management and logistics in the operating room
[16-18].

The advance in the field of neurology implies
the use of Al and machine learning for enhance
neurologist’s competence [19]. It is especially use-
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ful for the management of neurological diseases
and the improvement of the patient’s outcome.
Al not only helps to analyse the medical data in
disease prevention, diagnosis, patient monitoring,
and development of new protocols, but can also
assist clinicians in dealing with voluminous data
in a more accurate and efficient manner [20].

Having in mind that cancer and other malig-
nant diseases are the leading cause for morbidity
and mortality today, the role of Al in the diagnosis
and treatment of this devastating diseases is very
important [21-23]. Different Al tools are used for
screening asymptomatic patients at risk of cancer,
for investigation and triaging symptomatic pa-
tients, as well as for more effectively diagnostics.
Figure 3 shows the clinical application of Al in
cancer diagnosis.

Practically, there is no medical field where
Al was not applied. I will mention the use in oph-
thalmology [24] especially in the diagnosis of ret-
inal vascular diseases [25], macular degeneration
[26], diabetic retinopathy [27], glaucoma [28] etc.

Artificial Intelligence is used, also, in the
field of cardiology and in the management of hy-
pertension [29-32].

Additionally, Al can be used in a variety
of ways to improve the dental care and dentistry,
such as segmenting and identifying teeth, plan-
ning of dental implants treatment, for detection
and classification of dental plague, for diagnosing
maxillary sinusitis on panoramic radiography, for
cephalometric landmarks detection, or for root
morphological classification, dental caries detec-

GP decision-support tools
Online symptom checkers

Automated eligiblity screening with EHR NLP
Risk estimation using ENR data

Recurrence
Detection /
Prediction
EHR based prediction modeling

Imaging and pathology risk stratification
Pradiction of treatment failure

Al in Cancer
Early
Diagnosis

tion on periapical and bitewing X-ray images, and
many other applications [33].

Generally, the main applications of artificial
intelligence in medicine are: medical imaging, di-
agnosis and treatment, drug discovery and devel-
opment, clinical decision support, chronic disease
monitoring and tracking, predictive analytics, and
medical research.

It should not be forgotten that Al is used
also for mental health and mental illnesses [34].
The use of Al has changed practically all aspects
of psychology [35]. Psychologists are also taking
a close look at human-machine interaction to un-
derstand how people perceive Al and what ripple
effects such perceptions could have across soci-
ety. In psychology practice, artificial intelligence
(AI) chatbots can make therapy more accessible
and less expensive. Al tools can also improve in-
terventions, automate administrative tasks, and
aid in training new clinicians. On the research
side, synthetic intelligence is offering new ways
to understand human intelligence, while machine
learning allows researchers to glean insights from
massive quantities of data.

However, Al does not have the capacity to
empathize and form genuine connections with the
clients, which is vital in therapy. My own opinion
is that computer differs from humans by lacking
emotions (feelings), which is a very important
fact!

Apart from the many benefits that Al usage
provides to the medical staff, there are also some
limitation and ethical implications. Firstly, the use
of AI will not necessarily result in classification

: Diagnostic test quality control
Alort Systems
Risk thresholding for specialist review

Digital pathology
Lesion identification CNNs (e.g. VNet, UNet!
Rad and DL prog

ML and DL models analysing high
liquid biopsy data (whole genome NGS/

Fig. 3. Clinical applications of Al in early cancer diagnosis
[Abbreviations: GP: general practitioner, NLP: natural language processing, EHR:
electronic healthcare record, ML: machine learning, DL: deep learning, NGS: next-

generation sequencing]
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or prediction which is superior to current meth-
ods. Al must be expanded in the right situation
to obtain answers on an appropriate question or
to obtain solution for an applicable problem. It is
known that the used algorithms in Al can result in
“black box” results where the obtained prediction
cannot be explained using previous experiences.
Additionally, Al is also susceptible to bias in data.
In this context, implicit and explicit bias in health-
care system can impact different data used to teach
Al machine. Thus, eligibility of specific patient
populations for clinical trials, implicit biases in
treatment decisions in real world care, and other
forms of bias can significantly affect the types
of predictions that Al may make and influence
clinical decisions [36].

Additionally, the use of Al in medicine is
related to significant concerns: In healthcare, the
current laws are not enough to protect an indi-
vidual’s health data. Clinical data collected by
Al systems can be hacked and used for malicious
purposes that minimize privacy and security. Also,
some genetics testing and bioinformatics compa-
nies, which are not legally audited as per specific
regulations or strongly monitored, could sell cus-
tomer data to pharmaceutical and biotechnology
companies. Consequently, the medical staff must
be aware that the negative aspects of the Al use
might overshadow its benefits. Ethical principles
of respect for human autonomy, prevention of
harm, fairness, explicability, and privacy were
elaborated in more than 2.500 articles on PubMed.
I will mention in this context only the publications
of Pashkov [38 and 39].

In most of the studies there was a limited
examination of the ethical principles related to the
design or deployment of the Al tools. However, in
the few instances where the ethical principles were
considered, fairness, preservation of human au-
tonomy, explicability and privacy were discussed.
In the very old book “The Human Use of Human
Beings”, the author Norbert Weiner [40] as the
major challenge of the complex human-machine
systems invited to find the balance between the
“calculating brain” of humans driven by selfish
and economic imperatives with the “altruistic
brain” of those clinicians who want to keep their
Hippocratic Oath. Whether a good ethical doctor
can work with an Al and remain ethical is a major
open problem for all of us that will have to be
confronted not only scientifically, but also in a
socially acceptable and humanistic way in clinical
informatics. To overcome this problem, experts

must consider humanity and ethics in this regard.
In this way, the five news topics that got the most
attention in 2020 related to the ethical use of Al
were the release of the European Commission’s
white paper on Al, Google’s dismissal of ethics
researcher Timnit Gebru, the Al ethics commit-
tee formed by the United Nations, the Vatican’s
Al ethics plan, and IBM’s exiting the facial-rec-
ognition businesses. I must mention, the case of
researcher Timnit Gebru who presented the history
of natural-language processing and gave some
suggestions for further research. The conflict with
Google is related to the big electric consump-
tion needed for Al models which enhance carbon
emissions and financial cost. Gebru’s paper points
out that the sheer resources required to build and
sustain such large Al models means they tend to
benefit only wealthy organisations, while climate
change hits marginalized communities hardest.
This statement was sanctioned by Google.

We showed that the development of human-
like, interactive systems has been the claim of
artificial intelligence (Al) research for decades.
All these tools have been greeted with great, and
in some cases, irrational enthusiasm, accompa-
nied by breakneck efforts to implement this new
technology in the myriad aspects of daily life, in-
cluding the medicine. However, it must be pointed
out that as all new tools in high technology, Al
also provides many possibilities and priorities,
but also have negative outcome or risks if it is
not used in true manner. Consequently, artificial
intelligence today must be carefully used, espe-
cially with ethical concerns.
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HA BEHITAYKATA UHTEJIMT'EHIIUJA BO MEJIMLIMHATA

Hana ITon-Jopaanosa

MakemoHcka akageMija Ha HaykuTe u ymeTHocTHTe, CKotje, PC Makemonuja

Bo MOCICAHNUOT NICPUO/ PA3HUTE N3BCCTYBaba NOBP3aHU CO BCHITAYKATA I/IHTeJ'II/IFeHLII/Ija " MalllnH-
CKOTO YUCHC MPUMCHCTU BO CCKOj,HHeBHI/IOT JKUBOT pallMIHO pacTar. CCHaK, MNpUMCHATa Ha BCITa4YKaTa
I/IHTGHI/IFGHLII/Ija BO Halatra 3€Mja ece yHmTe MHOT'Y OrpaHnu4cHa, 0CO0EHO BO IMOJIETO HA MEauIHara.

IlenTa Ha OBOj HaMWC € €eH BHJ PEBUjaJIeH MPUKa3 3a BEIITauKaTa WHTEINUTCHIIMja ¥ Hej3UHATa
MIPUIMEHa BO MEAMIIMHATA U BO CPOJAHHTE TPAHKH, Oa3upaH Ha MyOIMKyBaHU TPyHIoBHU Bo Oasute [TyOMen

u IlcnxHer.

[To manky BOBeTHM UCTOPUCKHU MTOJATOIH, BO TPYAOT C€ AUCKYTHpA 3a MIPUMEHaTa Ha BeIITadykara
WHTEIUTEHI]a BO pa3HU MEJUIIMHCKY IpaHku. Ha KpajoT ce pa3mieayBaat HEKOM OTpaHNIyBamba H €THIKI

UMIIJIMKAIuH.

Knyunu 300poBu: Bemrauka HHTEIUTCHIIN]A, MEAUIHA, €THYKH IPOOIIeMH






