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Umela inteligencia otvéra
vo vede a v medicine
»,nové obzory” a prindsa
sofistikované rieSenia
zlozitych problémov

El Hassoun O, Valaskova Z?, Hulin I

!Ustav histolégie a embryolégie LF UK
v Bratislave, Slovenska republika

V predchadzajicom (¢isle Cardiology Letters profesor Ro-
bert Hatala v rozhovore s profesorom Ivanom Hulinom (1)
nacrtol obraz buducich kongresov, hlavné spdsoby prenosu
novych informacii vseobecne do klinickej praxe, ale najma
pri zdokonalovani kardiolégov samotnych. Vzhladom na to,
e ide o mimoriadne zlozity proces, ktory sa vali ako lavina,
rozhodli sme sa napisat niekolko viet, aj z pohladu pracov-
nikov v oblasti patoldgie a patofyzioldgie.

V rozhovore s profesorom Hatalom vznikla otazka o moz-
nosti a prejavoch vstupu umelej inteligencie (UI) do mediciny
a do kardioldgie. V mnohych futuristickych predstavach sa
anticipuje medicinska revoltcia pri implementovani Ul Pri
nasom uvazovani sme sa snazili vyhnut ,,fantaziam® a ststredili
sme sa na skuto¢ne dosiahnuté a realistické ocakavania od
UI v blizkej budtcnosti.

Pred obrovskym privalom UI sa nemoézeme ,,skryt®, ani
nemdzeme taktizovat hladanim nejakej nahrady. Aj preto
povazujeme vyjadrenia profesora Hatalu za mimoriadne uzi-
to¢né, ale najma za velmi perspektivne. Myslime si, ze niektori
kolegovia sa budu usilovat vymanit z vplyvu Ul Uvedomujeme
si, ze nase pohlady st ovplyvnené osobnou skuisenostou. Ul je
pre patologa pri prvom pohlade hrozbou, ze histopatolégovia
nebudu vobec potrebni. Takyto vstupny pohlad povazujeme za
scestny. Pochopitelne, ze stimuluje aj k hlbsiemu zamysleniu.

Pri uvazovani o budicnosti mediciny respektujeme vy-
hlasenie ,,mocnych, Ze UI je budicnostou fudstva vSeobecne.
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Artificial intelligence opens
new horizons in science
and medicine and offers
sophisticated solutions to
complex problems

El Hassoun O}, Valaskova Z? Hulin I

'Department of Histology and Embryology, Faculty of
Medicine, University of Comenius in Bratislava Slovak
Republic

In the previous issue of Cardiology Letters, in a dialogue with
professor Ivan Hulin, professor Robert Hatala outlined a vision
of future congresses (1). Mainly in the mode of transmission
of new information to clinical practice, and the continuous
development of cardiologists. Given that this is a complex
phenomenon, approaching like an avalanche, we decided to
write a few sentences on the topic from the point of view of
pathologists and pathophysiologists.

In the dialogue, the question of the possibilities of ap-
plication of artificial intelligence (AI) in medicine and in
cardiology was raised. Many futuristic visionaries anticipate
a medical revolution as a result of the implementation of Al
In this paper we have strived to avoid “fantasies” and have
focused on the actual, achieved and realistic expectations of
Al in the near future.

It is not possible to hide from the tremendous deluge
of AL nor stall in search for an alternative. For this reason
we regard the opinion of professor Hatala as exceptionally
valuable, and very insightful. We assume that some colleagues
will attempt to escape the effect of AL We realize that our
opinions are shaped by our personal experience. At first sight,
Al is viewed as a threat by histopathologists, claiming that
they will not be needed at all. We regard this view as absurd,
although it prompts deeper contemplation.

When contemplating the future of medicine, we respect
the declaration of the “powerful’, that Al is the future of
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Respektujeme aj oficidlne prehldsenie najludnatej$ej komunity,
ze do roku 2030 dosiahnu prvenstvo, ale aj vyhlasenie najpo-
kro¢ilejsich, ze ich nikto do roku 2025 nedosiahne. Zrejme ide
o prvenstvo v Ul Sucasné tendencie medicinskeho vyskumu
generuju velké data a vytvaraju obrovsky transla¢ny tlak na
systémy zdravotnictva. Paralelne, v kazdodennej praxi, lekar
musi inkorporovat ¢oraz viac vySetreni a parametrov pri
stanoveni diagndzy. Musi rozhodovat medzi moznostami
liecby. Preto by sme nemali zit v zajati sucasnych predstav
medicinskej praxe, ale aj vyucby...

Umeld inteligencia je v§eobecny termin, ktory implikuje
pouzitie vypoctovej techniky na modelovanie inteligentného
spravania s minimalnou Iudskou intervenciou. V medi-
cine to zahrfna $iroku $kéalu aplikicii, od medicinskych
robotov, diagnostickych algoritmov, medicinskej $tatistiky
a elektronickych systémov na ukladanie zdravotnickych
zdznamov (2).

V oblasti robotiky v roku 2000 Urad pre kontrolu po-
travin a liekov v USA (FDA) schvalil chirurgicky robot na-
zvany DaVinci, ktory mal ulahc¢it a minimalizovat invazivitu
chirurgickych vykonov (2). Ide o robotické rameno, ktoré
ovlada chirurg konzolou so stereoskopickym zobrazovacim
systémom umoznujicim priestorovy vnem. Kinematické
$truktary konvertuju pohyby rik chirurga na zodpovedajuici
hrot inStrumentu v chirurgickom poli. V roku 2010 bolo
na svete viac ako 5 000 pristrojov (3, 4). V sucasnosti sa
chirurgicky robot pouziva pri réznych typoch operacii, ako
su urologické, gynekologické, cievne, ako aj v kardiochi-
rurgii. Je vypracovanych viacero $tudii, ktoré porovnavali
ucinnost robotického systému oproti zauzivanym opera¢nym
postupom (3, 5). V porovnani s otvorenym pristupom ma
roboticky asistovana operdcia niekolko vyhod. Trojrozmer-
né zobrazenie zlepSuje viditelnost. Zvacsenie operacného
pola a vdcsi rozsah pohybu rik umoznuju lahsiu technicka
realizciu komplikovanych chirurgickych zdkrokov. Dal3{mi
vyhodami je redukcia trasenia rik operatéra, v niektorych
pripadoch rychlejsia rekonvalescencia a kratsia hospitalizacia
pacienta (3, 4).

Z oblasti virtudlnej, vypoctové systémy schopné klasifiko-
vat pacientov a vyrdtat riziko a prognostiku podla uréitych
algoritmov, uz existuji. Pre také systémy je v§ak rozhodujice
mnozstvo vstupnych udajov, ako aj komplexita opera¢nych
algoritmov. Efektivita vyZaduje dokonalu elektronizaciu
zdravotnej dokumentacie, aby poskytla najvacsie mnozstvo
informacii o pacientovi, jeho rodinnej anamnézy a zmien
jeho zdravotného stavu. Aplikacia preto vyzaduje zdsadne
reformy teraj$ej zdravotnej dokumentacie takmer vo vsetkych
krajinach.

Logické programovanie vzniklo este v 70-tych rokoch. Lo-
gika programu sa vybuduje vstupnymi pravidlami a vztahmi.
Mnohé tzv. inteligentné systémy pouzivaji presne definované
algoritmy na simuldciu procesu myslenia. Systémy ,tazby“
dat ,data mining systems®, ktoré sa pouzivaju na spracova-
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humanity in general. We also respect the official statement of
the most populated country, that they will be a world leader
in AI by 2030, but also the claim of the most developed, that
no one will achieve it by 2025. The current tendencies of
medical research produce large amounts of data and create
an enormous translational pressure on healthcare systems.
In parallel, doctors in everyday practice must incorporate an
ever-increasing amount of examinations and parameters in
the diagnostic process, and must decide between arrays of
possible treatments. Therefore, we must not live as captives of
the current conceptions of medical practice or even education.

Artificial intelligence is a term which implies the use of
computational technology to model intelligent behavior with
minimal human intervention. In medicine, it includes a wide
range of applications, starting with medical robots, diagnostic
algorithms, medical statistics and electronic systems for keep-
ing health records (2).

In the field of robotics, in 2000 the American food and
drug administration (FDA) approved a surgical robot called
DaVinci which facilitates and minimalizes invasive surgical
procedures (2). It is a robotic arm controlled by the surgeon
from a console with a stereoscopic imaging system which al-
lows for three-dimensional vision. The kinematic structures
convert the movement of the surgeon’s hands to the corre-
sponding tip of the instrument in the operating field. In 2010,
there were already more than 5000 robots around the world
(3, 4). Today, the surgical robot is used in various procedures,
such as in urology, gynecology, vascular and cardiosurgery.
There are several studies which compare the effectivity of
the robotic system to the usual approaches (3, 5). In com-
parison with open surgery, the robotic approach has some
advantages; the three dimensional image improves visibility,
and enlargement of the operating field and the wider range
of hand movement allows for better handling of complicated
surgical procedures. Other advantages include reducing hand
tremor, and in certain conditions faster recovery and shorter
hospitalization (3, 4).

In the virtual realm, computer systems capable of catego-
rizing patients and calculating risk and prognosis based on
given algorithms already exist. For these systems, the amount
of data input and the complexity of operational algorithms
are decisive. The effectivity of such systems requires complete
digitization of health records to provide the largest amount of
information about the patient, family history and changes in
health condition. Therefore, its application requires fundamen-
tal reforms of current health records of almost all countries.

Logical programming developed back in the 70s. Program
logic is built with input rules and relations. Many of the so-
called intelligent systems use precisely defined algorithms
to simulate the process of thinking. Data mining systems
which are used to process large amounts of data detect pat-
terns and predict tendencies, which considerably speeds the
evaluation process. All these systems ought to aid the doctor



nie obrovského mnozstva dat, deteguji vzory a predvidaju
tendencie, ¢o znacne urychluje proces hodnotenia. Vetky
tieto systémy maja ulohu pomdhat lekarovi stanovit diag-
noézu, urychlit diagnosticky proces, zlepsit presnost a re-
liabilitu (6). Maja v$ak jasnt nevyhodu, st nesamostatné,
potrebuju ,,partnera, ktory bude zadavat ulohy na riesenie,
rozhodovat, ktoré problémy st vhodné na riesenie takymto
systémom a hodnotit, ¢i ponuknuté rie$enia st relevantné.
Zaroven tieto systémy nemozu obsiahnut vsetky klinické
pripady. Zriedkavejsie kombindacie parametrov alebo ur¢ité
partikularity zdravotného stavu pacienta nemozno zahrnut
do programu, alebo by bolo treba systém manudlne nastavit,
¢im stracame zmysel automatizovaného systému. Aplikaciou
vypoctového systému na hodnotenie netriedenej populdcie
pacientov vznikne odchylka, ktora je podmienend limitaciou
daného programu. Ide o problém paralelny s translaciou
vysledkov mediciny dokazov do snah o individualizaciu
lekarskeho pristupu. Tento problém vsak zastancovia Ul
slubuju, ze vyriesia.

Zakladnym predpokladom inteligencie je schopnost ucit
sa (7). Pri aplikacii tejto definicie na Ul moézeme vyradit
mnozstvo uvedenych aplikacii. Vetky chirurgické pomdcky,
ktoré su ,dialkovo ovladané® chirurgom, sa nenaucia ani po
1 000 operaciach operovat sami. Softvér riadeny rigidnymi
algoritmami nie je schopny vytvorit novy algortimus alebo
sa adaptovat na nové vopred nenaprogramované podmienky.
Ide o neschopnost rozhodovat sa.

NajzlozZitejSou sustavou na spracovanie informdcii ndm
zostava ludsky mozog. Najdokonalejsi pocita¢ vykona 10%
operacii za sekundu, kym Iudsky mozog 10'. Roger Penrose
konstatoval, Ze ludské vedomie je nevy¢islitelné, a k tomu este
pridal, Ze existuje medicinska inteligencia, ktora je $pecific-
kym kompartmentom inteligencie. Podla Penrosa medicinska
inteligencia je:

1. Schopnost analyzovat a interpretovat informdcie. 2. Schop-
nost tvorit zavery na zaklade informacii. 3. S podmienkou, Ze
v mozgu st ulozené informacné zdklady. 4. S podmienkou,
Ze je pritomna vlastna kreativita. Medicinska inteligencia
sa nemoéze vymedzit len uvedenym konstatovanim. Patria
k nej dalsie atributy, ako je: 5. Skdsenost a schopnost od-
halovat nekonzistentnosti. Vyuziva systémy rozhodovania
sa, ktoré su matematicky definované. Na konci postupu su
6. Verifika¢né systémy na overenie adekvatnosti rozhodnuti.

Rozhodovanie je zlozity komplexny proces, ktory podmie-
nuje dostupnost tych skuto¢nosti, ktoré su v zdklade rieSeného
problému. Aj v idedlnom pripade je potrebné zobrat do tvahy,
ze nie menej dolezita je interpretacia spolahlivych dokazov.
Je celkom prirodzené, ze obycajne nie vzdy st k dispozicii
potrebné dokazy.

Rozhodnutia v$ak byvaju ovplyvnené irelevantnymi
faktormi. Presné ,oddvodnenie“ rozhodnuti by zvysilo ich
validitu. UI sa povazuje aj za ,ndstroj“ na rieenie zlozitych
problémov. Medicina je zlozité vzhladom na mnozstvo udajov
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in determining the diagnosis, speed the diagnostic process,
and improve accuracy and reliability (6). They however have
a clear disadvantage: they are not independent. They need
a “partner” who will allocate tasks, decide which tasks are
suitable for process by the system and evaluate whether the
offered results are relevant. Simultaneously, these systems
cannot encompass all clinical cases. It is not possible to
include a rare combination of parameters or certain particu-
larities of the health condition of a patient in a program. In
such circumstance, the system will require manual setting,
in which case we lose the whole purpose of an automated
system. The application of a computer system for evaluating
an uncategorized population of patients will result in an
aberration caused by the limitations of the program itself.
This is a parallel problem to the translation of results of
evidence-based medicine into the efforts of individualized
medical approach. Advocates of Al however, promise that
they will solve this issue.

The basic prerequisite of intelligence is the ability to learn
(7). If we apply this definition to AI, we can discard many of
the above-mentioned applications. All surgical instruments
which are “remote controlled” will not learn to perform inde-
pendently even after a 1000 procedures. A software governed
by rigid algorithms is incapable of producing a new algorithm
or adapt to new, previously not-programmed conditions. They
lack the ability to make a decision.

The human brain remains the most complex system for
data processing. The best computer can perform 10" opera-
tions per second, while the brain performs 10'S. Roger Penrose
asserted that human consciousness is incalculable: he also
added that medical intelligence is a specific compartment of
intelligence. According to Penrose, medical intelligence is: 1.
the ability to analyze and interpret information; 2. the ability
to make conclusions based on information; 3. on condition
that the brain contains stored databases; 4. and on condition
of the presence of innate creativity. Medical intelligence cannot
only be limited to the above. It has more attributes, such as:
5. experience and the ability to detect inconsistencies. It uses
decision-making systems which are mathematically defined.
At the end of the process there are 6. Verification systems
to assess the adequacy of the decision.

Decision-making is a complex process, which requires
the availability of all the facts related to the problem being
solved. Even in ideal situations we must take into account
the importance of basing the interpretation on reliable evi-
dence. Naturally, in common situations, not all the needed
evidence is available.

Decision-making, however, is often influenced by irrel-
evant factors. Precise “reasoning” of the decision will increase
its validity. Al is considered as a machine for solving compli-
cated problems. Medicine is complicated with regards to the
amount of data and algorithms. In cardiology, in addition to
a multitude of measurable parameters, information such as
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a algoritmov. V kardioldgii sa musia zobrat do tivahy demo-
grafické udaje, charakter hemodynamiky spolu s mnozZstvom
meratelnych parametrov. Rovnako dolezité st dostupné mo-
lekulové ,,profily“ a lekarske zdznamy o pacientoch, vysledky
laboratérnych testov, informacie o predchadzajucich ochore-
niach, o liecbe, tvorba prognozy ako vysledok myslienkovych
procesov podla ulozenych algoritmov v podvedomej pamati
lekara. K uvedenému treba priradit vedomosti ziskané studiom
literatury a skusenostou.

Nie na poslednom mieste musime byt redlny pri pokuse
o implementdciu literdrnych poznatkov do medicinskej praxe,
ale aj do rozhodovania pomocou Ul Z Web of Science, ale
aj z inych zdrojov je zname, Ze inkorpordcia poznatkov z li-
teratdry je velmi problematickd pre obrovsky prival novych
zisteni. Z celosvetového pohladu vznikd kazdé tri minuty
nova publikdcia prinasajuca poznatky ,hodné zretela® Ta-
kyto prival informacii, idajov prevysuje kapacitu Tudskej
pamdti. Nové informacie zdroven mozno aplikovat len na
vybrant subpopuldciu pacientov s definovanymi parametra-
mi a nemozno ich povazovat za axiomy. Napriek obrovskej
tolerancii vacsina kardiologov ,,povazuje“ Ul za futuristicky
»mimozemsky fenomén®

Po¢itacové vedy sa usilovali modelovat analégie men-
talnej ¢innosti a vytvorili systémy, ktoré su schopné ucit sa
»machine learning“. Niekolkymi predstavitelmi st: 1. Naivny
Bayesovsky klasifikator, 2. rozhodovacie stromy a 3. umelé
neurdlne siete. Su to systémy, ktoré su po urcitom tréningu
schopné rozhodovat sa. Postupnym vylepsenim ziskali tieto
metody aj urcit transparenciu generovanych informdcii, t. j.
schopnost vysvetlit svoje rozhodnutia.

Naivny Bayesovsky klasifikator je zaloZeny na aplikacii
Bayesovskej tedrie pravdepodobnosti a zaroven simplifiko-
vany predpokladom nezavislosti jednotlivych prediktorov.
Jednoduchym prikladom je aplikacia klasifikatora pri filtro-
vani elektronickej posty ,,spam® Tento systém je schopny
dojst k zaveru (rozhodovat sa) na zaklade vypocitane;j
pravdepodobnosti.

Umelé neuralne siete si modelom neuralnej siete Iud-
ského mozgu. Obsahuji definovany pocet ,vrstiev umelych
neuro6nov ,,uzlov®, vystup kazdého je sumou vsetkych vstupov
nelinedrnou funkciou. Vysledny rozhodovaci proces prebieha
na zaklade parametrov vytvorenych systémom samostatne,
tie vSak nezodpovedaju parametrom Iudského vnimania,
napriklad systém rozpoznd macku nie na zaklade toho, Ze ma
srst, Styri nohy, urcita velkost a tvar. Ide o systém schopny
odhalit vzory pouzitim samo-vytvorenych algoritmov, t. j.
novy typ inteligencie. Prielom spociva v moznosti spracovania
informacii novym sposobom, ktory moze vyriesit doposial
nevyrieSené otazky a odhalit doposial neobjavené vztahy.
Treba zdoraznit, Ze pri hodnoteni nového typu inteligencie
sa devalvuju mnohé snahy porovndvania s uZ existujicou
inteligenciou, pretoze ide o kvalitativne rozne entity. Bana-
var (6) vysvetluje, ze cielom Ul je ,augmentovat® Iudska
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demographic data and the character of hemodynamics must
be taken into account. Equally important are the molecular
profiles, medical records, laboratory test results and patient
history of disease and treatment, as well as the formation
of a prognosis as a result of the reasoning process based
on retained algorithms in the subconsciousness of the doc-
tor. Above all that, we must add experience and knowledge
acquired through the study of literature.

Last but not least we must be realistic when trying to
implement new findings from literature to medical practice,
as well as to decision-making conducted by Al. From the
web of science, as well as other sources it is known that, the
incorporation of knowledge from literature is very problem-
atic, owing to the tremendous increase of new findings. On
a worldwide scale, every 3 minutes there is a new publica-
tion which brings new “worthwhile” knowledge. This high
input of information and data is far beyond the capacity
of human memory. Moreover, new findings are applicable
only on a selected subpopulation of patients with defined
parameters, and cannot be considered as axioms. Despite the
great tolerance, most cardiologists consider Al a futuristic
“alien” phenomenon.

Computer sciences strived to model analogies of mental
activity and created systems, which are capable of learning
“machine learning”, 1. the naive Bayes classifier, 2. decision
trees and 3. artificial neural networks, to name a few. These
are systems which after certain training are capable of making
a decision. With gradual improvement, these methods also
gained a certain transparency of the generated information,
i.e. the ability to explain their decision.

The naive Bayes classifier is based on applying the Bayes’
theorem of probability with the simplifying assumption of
independence between the features. A simple example is
the application of the classifier for filtering electronic mail
“spamy”. This system is capable of making a decision based
on calculating probability.

Artificial neural networks are a model of the neural
networks of the human brain. They contain a defined number
of “layers” of artificial neurons “nodes”, the output of each
is the sum of all inputs through a non-linear function. The
resulting decision-making process occurs based on param-
eters established by the system itself. These, however, do
not correspond to parameters of human perception; e.g. the
system recognizes a cat, not based on the fact that it has fur,
4 legs and a specific shape and size. It is a system capable
of revealing patterns based on self-generated algorithms, i.e.
a new type of intelligence. The breakthrough resides in the
possibility of processing information using a novel method,
which might resolve so-far unsolved questions and reveal so
far unknown relations. It is worth emphasizing that when
assessing a new type of intelligence, the many attempts to
compare it with already existing intelligence are invalidated
because we are dealing with two qualitatively distinct entities.



inteligenciu a nie ju nahradit. Preto by sme mali hovorit
o »augmentovanej inteligencii“, ktord umoziuje prehlibit
ludskd inteligenciu a rozsirit jej expertizu.

Posobivym prikladom nového objavu je pouzitie algo-
ritmov interakcie proteinov na zéklade ,enhanced Markov
clustering® Tie predpokladali viac ako 5 000 proteinovych
komplexov a viedli k objaveniu novych terapeutickych tercov.
Bennett et al. (8) vyvinuli systém na simuldciu klinického
rozhodovania sa na zaklade Markovského rozhodovacieho
procesu. Systém vytvara komplexné plany na ziskanie op-
timalnych postupnych rozhodnuti. Autori tvrdia, ze systém
preukazal velku uspe$nost oproti zauzivanym lie¢ebnym
postupom, ako aj ekonomicka vyhodu.

Jedna $tadia porovndvala predikciu kardiovaskularne-
ho rizika s pouzitim vypracovanych algoritmov Americkej
kardiologickej asociacie (ACC/AHA) z roku 2013 vs. umela
inteligencia vyuzivajuca $tyri algoritmy strojového ucenia.
Ul ukézala lepsiu presnost predvidania rizika, menej falosne
pozitivnych vysledkov a identifikovala rizikové faktory, ktoré
nie st zahrnuté do guidelinov, napriklad ordlne kortikoste-
roidy. Vystupy UI na druhej strane neidentifikovali diabetes
ako jeden z hlavnych rizikovych faktorov (9).

UI ako produkt kognitivnych vied adheruje k matema-
tickym vypoétom a oddeluje sa od experimentalnej psy-
chologie, ¢ize vacsinou ignoruje otazky emdcie, vedomia,
identity atd. Musime zddraznit, Ze schopnost programu
»rozpoznat“ emdciu a vyprodukovat primeranu reakciu je iné
ako vytvorit emdcie a inkorporovat ich do rozhodovacieho
procesu. Vidésina pocitacov, s ktorymi dnes pracujeme, st
sériové procesory, t. j. vykonavaju naraz len jednu funkciu.
Nedavno vs$ak boli vyvinuté paralelné procesory, ktoré su
schopné vykonavat viac operdcii naraz. Matematické vy-
pocty preukazali, ze fudské myslenie nemoze byt vypoctové
v klasickom slova zmysle. Mozog funguje inak, mozno ako
»kvantovy pocitac (10).

Pri umelej inteligencii v medicine vznikaju problémy, ktoré
sa tykaji ohrozenia sikromia a fudskej dostojnosti. Elon Musk
vyhlasil, Ze vlady musia zabezpecit ,,verejné dobro“ vo vztahu
k UL Skeptici st toho ndzoru, ze Zijeme v ¢asoch, kedy je
vedomost majetkom korporacii, ako to demonstrovala kauza
Elsevier proti Sci-hubu. Hawking varoval, Ze myslenie strojov
moze predstavovat existencné nebezpecenstvo pre ludstvo.
Ludska inteligencia nebude schopna prekonat Ul so zretelom
na vedomosti alebo presnost pri rozhodovani. Nasa vrode-
néa schopnost byt empatickym je pre stroje pravdepodobne
nepredvidatelna.

Az kym UI ,,nevyhubi [udstvo, zostdva ndm na riesenie
mnohych pravno-etickych problémov pri aplikdcii UI do
mediciny. Do akej miery mozeme doverovat klinickym roz-
hodnutiam UI? Musime pripustit, Ze diagnostické produkty
vypoctovych algoritmov, ktoré su presnejsie a citlivejsie nez
ludské vnimanie, mozno nebudd mat pripravené zodpo-
vedajuce liecebné postupy zalozené na ddkazoch. Budeme
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Banavar (6) explains, that the aim of Al is to “augment” hu-
man intelligence and not replace it. This is why we are ought
to talk of “augmented intelligence”, which enhances human
intelligence and broadens its expertise.

An impressive example of a new discovery is the use of
protein interaction algorithms based on enhanced Markov
clustering. They predicted more than 5000 protein complexes
and led to the discovery of new therapeutic targets. Bennet
et al. (8) developed a system for simulating clinical decisions
based on the Markov decision process. The system creates
complex plans to achieve optimal decisions. The authors claim
that the system outperformed the treatment-as-usual health
care model and also showed economic advantage.

One study compared the prediction of cardiovascular
risk using the established algorithm of the American College
of Cardiology guidelines (ACC/AHA) from 2013 to artificial
intelligence using four machine learning algorithms. AI showed
higher accuracy, less false positive results and identified risk
factors which are not included in the guidelines, such as oral
corticosteroids. Al results on the other hand did not identify
diabetes as a top-ranked risk factor (9).

Al as a product of cognitive sciences adheres to mathemat-
ic calculations and distances from experimental psychology.
Thus it mostly ignores questions of emotion, consciousness,
identity, etc. We must point out that a program’s ability to
recognize emotion and produce an adequate response is dif-
ferent from the ability to produce an emotion and incorporate
it in the decision-making process. Most computers with which
we work today are serial processors. i.e. they perform only
one function at a time. Recently however, parallel processors
have been developed, which are capable of performing several
functions at the same time. Mathematic results demonstrated
that human thinking cannot be computational in the classical
sense. The brain operates differently, perhaps as a “quantum
computer” (10).

When considering Al in medicine, several problems
emerge concerning jeopardizing personal privacy and human
dignity. Elon Musk claimed that governments must ensure
“public good” in relation to Al. Sceptics argue that we live in
times in which knowledge is the property of corporations, as
demonstrated by the Elsevier against Sci-Hub case. Hawking
warned that AI could “spell the end of the human race”.
Human intelligence will not be capable of outmatching Al
with regards to knowledge or precision of decision-making.
Nevertheless, our innate ability of empathy is probably un-
predictable for machines.

Until the day Al “exterminates existence’, we are left with
many legal and ethical questions to solve about the application
of Al in medicine. To what extent can we rely on Al based
clinical decisions? We must acknowledge that the diagnostic
products of computational algorithms, which are far more
sensitive and precise than human perception, might not have
ready-to-use corresponding evidence-based treatment meth-
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schopni posadit inteligenciu stroja a efektivitu algoritmu?
Banavar skonstatoval, Ze napokon, zodpovednost zostane na
cloveku (6).

Jedna z oblasti, v ktorej UT slubuje revoltciu stt medicinske
discipliny, ktoré su zaloZené na interpretacii obrazu, cize
najmd radiologické a histopatologické snimky. Skenovanie
histologickych preparatov a ich ukladanie v elektronickej for-
me je dnes uz sucastou dennej praxe v niektorych krajinach.
Skenery pontkaju priestorové rozliSenie s 40x objektivom, t. j.
priblizne 0,23 - 0,25 pm/pixel (11). V sucasnosti prebiehaju
konzultacie a bioptické semindre bez potreby posielania pre-
paratov, kym dlhé roky sa muselo vystacit s mikrofotografiami
vybraného zorného pola.

Ked sa vytvori elektronicky obraz, vznikd mnozstvo para-
metrov, ktoré mozno stanovit. V stcasnosti existuje v praxi
niekolko systémov automatizovanej analyzy obrazov od
roznych dodavatelov. Vicsina pracuje na rovnakom principe
- program deteguje urcité jednotky, napriklad imunohis-
tochemicky zafarbeny preparat na jadrovy antigén. Systém
detekciou intenzity farebného signalu rozpoznd a zisti pocet
pozitivnych jadier. V systéme je jadro definované velkostou
a tvarom, ¢im do urcitej miery vie odlisit epitelovii nadorovu
bunku od intra-tumorového lymfocytu. Pozitivita jadier je
definovana rozpitim vinovej dlzky farebného signalu, a tym
nedava falo$nd pozitivitu zo zafarbeného pozadia. Tento
systém md ponukat rieSenie problému s poctom buniek,
nepresnymi estimdciami a poskytovat objektivne hodnotenie
niektorych prognostickych parametrov, ako je napriklad
prolifera¢na aktivita nadoru meranda pomocou jadrového
antigénu Ki67.

Meratelné parametre treba nastavit do urcitého algoritmu.
So softvérom sa dodavaju vopred vypracované algoritmy na
$tandardizovanych vzorkach a odporica sa ich modifikovat
podla podmienok jednotlivého laboratoria. Pri snahe apli-
kovat tieto systémy do dennej praxe zistujeme, Zze mnoho
ponuknutych strojov st certifikované len na vedecku ¢innost,
nie na poskytnutie vysledkov u pacientov. Pretoze klinické
vysledky mozno ziskat iba limitovane, st obyc¢ajne obmedzené
na jednu alebo niekolko protilatok od ur¢itych dodéavatelov,
spracovanych v presne definovanych podmienkach, ¢im ex-
ponencialne narastaji naklady. Preco? Lebo tieto systémy nie
st schopné sa adaptovat biologickej a technickej variabilite
materidlu. Nie je mozné diktovat kvalitu tkaniva ziskaného
od pacienta na analyzu. Nadory pri odstraneni byvaja ¢asto
dezmoplastické alebo nekrotické a prekrvacané, ¢im sa signi-
fikantne znizuje kvalita histologického obrazu a vypovedna
hodnota imunohistochemickej analyzy, ktora sa zakladd na
predpoklade zachovania cielovych antigénov. Okrem toho
v mutagénnom prostredi nddorov mozu antigény ziskat nové
vlastnosti, ich expresia sa meni, kvalitativne aj kvantitativne.
Napriklad membranovy antigén moze ziskat cytoplazmatic-
ka expresiu. Nésledne pri pokuse hodnotit takuto expresiu
automatizovanym systémom bez [udského dozoru vznikaja
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ods. Will we be able to assess the intelligence of a machine
and the effectivity of an algorithm? Banavar asserted that, at
the end of the day, liability sits with the person (6).

Areas in which AI promises a revolution are those medical
disciplines based on image interpretation, mainly radiologi-
cal and histological images. Scanning of histological slides
and their storage in electronic form is already a component
of everyday practice in some countries. Slide scanners offer
spatial resolution using the 40x objective of approximately
0,23 - 0,25 pm/pixel (11). Today, consultations and biopsy
seminars can take place without the need of sending physical
slides, while previously for many years, we had to make do
with microphotographs of a chosen field of view.

An amount of measurable parameters is generated when
an electronic image is produced. Nowadays, in everyday prac-
tice there are several systems of automated image analysis
from different providers. Most of them operate using the
same principle; the program detects a given parameter, e.g.
an immunohistochemistry slide for a nuclear antigen. The
system recognizes and calculates the number of nuclei by
detecting the intensity of the colored signal. In the system,
the nucleus is defined by shape and size, which to a certain
extent enables it to distinguish an epithelial tumor cell from
an intratumoral lymphocyte. Nuclear positivity is defined by
a range of the wavelength of the colored signal, which helps
eliminate false positivity from the background. Such a system
offers a solution to the problem of cell count and inaccurate
estimates. It provides objective assessment of some prognos-
tic parameters such as the proliferative activity of a tumor,
measured using the nuclear antigen Ki67.

Measurable parameters must be adjusted in a given
algorithm. The software contains installed algorithms set on
standard specimens, and it is advised to modify them based on
the condition of the individual laboratory. If we wish to apply
such systems to everyday practice we discover that many of
the available systems are certified only for research purposes
and not for producing clinical results for patients. Clinical
results which can be obtained from these systems are limited
and usually restricted to one or few antibodies from certain
providers, processed in precisely defined conditions, thus ex-
ponentially increasing the costs. Why? Because such systems
are unable to adapt to the biological and technical variability
of specimens. It is not possible to dictate the quality of tissue
acquired from patients for analysis. Tumors removed from the
body are often desmoplastic, necrotic or hemorrhagic, which
significantly decreases the quality of the histological image,
and the validity of immunohistochemical analysis, which is
based on the assumption of preservation of target antigens.
Moreover, antigens in the mutagenic environment of a tumor
can acquire new properties, causing quantitative and qualita-
tive alteration to their expression. For example, a membrane
antigen can acquire cytoplasmic expression. Consequently,
a trial to evaluate such expression using an automated system,



absurdné vysledky. Tymto sa obmedzuje pouzitie automatizo-
vanych systémov na pér super-rezistentnych antigénov, s velmi
spolahlivou expresiou, v $tandardnych solidnych nadoroch.
Zda sa, ze tieto systémy su este daleko od klinickej apliko-
vatelnosti a nezakomponuju technolégie umelej inteligencie
v zmysle ,,deep learning®

V roku 2017 Google brain uverejnil pracu o aplikacii ,,deep
learning”“ systému pouzitim konvolu¢nych neuralnych sieti na
detekcie metastdz v lymfatickych uzlinach na gigapixelovych
obrazoch histologickych rezov. Tato metoda preukazala vyssiu
senzitivitu ako trénovany patoldg. Viziou je, Ze automatizovany
systém detekcie metastaz zvysi citlivost, rychlost a konzis-
tentnost vysledkov (12). Z praktického hladiska akakolvek
snaha odbremenit patoldga od vysetrenia lymfatickych uzlin
pri hladani metastaz je velmi vitand. Najma pri neustalom
zvy$ovani mnozstva prace a parametrov na hodnotenie pri
kazdej jednej vzorke nadoru. Na aproximaciu, pri velkych
operac¢nych zakrokoch pocet odobratych lymfatickych uzlin
moze dosiahnut aj 75. Popri hladani metastaz sa vSak musia
vylacit aj iné patologické procesy.

Pracu patoldga autori opisali ako naro¢nt a nachylna
k chybam (12). UI sa vSeobecne propaguje v suvislosti so
snahou eliminovat chyby. Problémom je, Ze v oblasti medi-
ciny zvy$enie presnosti alebo citlivosti merania nerovna sa
zlepSeniu zdravotnej starostlivosti. Diagnostické a liecebné
postupy v medicine st sumou obrovského mnozZstva po-
znatkov, ktoré tiez skimaju efektivitu terapie v danom $tadiu
choroby. Vznikali ,,cut off “ hodnoty, podla ktorych st pacienti
stratifikovani, napriklad nalez metastazy v axildrnej uzline
zvy$uje $tadium karcindmu prsnika. Tieto hodnoty vznikli
na zéklade merania fudskym ,,okom® a vypovedna hodnota
»threshold“ nadvazujtcich postupov bude v medziach, ktoré
st rozpoznavané ludskym okom. Ked sa zacala pouzivat
imunohistochémia v diagnostike metastdz, ukazala obrovska
vyhodu v zmysle, Ze umoznila detegovat velmi maly pocet
disperznych metastatickych buniek, ktoré si nezbadatelné
na $tandardnych hematoxylin-eozinovych preparatoch. Tato
metoda zvysila presnost a citlivost diagnostiky. Nasledne
sa zistilo, Ze pacientky s mikrometastdzami detegovanymi
len imunohistochémiou (NO i+), sa neodlisuju klinickym
vysledkom od pacientiek, ktoré st imunohistochemicky
negativne. Rovnako klinicky nevyznamny vysledok ukazala
detekcia metastdz molekulovou metédou pouzitim RT-PCR
pri negativnom hematoxylin-eozine a negativnej imunohis-
tochémii (NO mol+).

Paralelnym prikladom nepraktickosti a zbyto¢nosti super-
-presnych merani je meranie hrabky malignych melanémov
(Breslow), ktory je dolezitym prediktorom prezivania. Po-
stupne sa vytvorili threshold hodnoty, ktoré priamo koreluja
so §tadiom tumoru. AJCC stagingovy systém od roku 2002
pouzil cut off < 1,0 mm pre T1 a 1,01 - 2,0 mm pre T2.
Najnovsia, 8. edicia AJCC odporuca hodnotenia hrubky
nadoru s presnostou na 0,1 mm a nie na 0,01 mm, s tym ze
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with no human supervision, will produce absurd results. For
this reason, the use of automated systems is restricted to the
few super-resistant antigens, with very reliable expression in
standard solid tumors. It appears that these systems are still
far from clinical applicability. Also, they do not incorporate
artificial intelligence in terms of “deep learning”

In 2017, Google brain published a paper on the appli-
cation of a “deep learning” system utilizing convolutional
neural networks for the detection of cancer metastases in
lymph nodes on gigapixel histology images. That method
demonstrated higher sensitivity than a trained pathologist.
The perspective is that an automated system for mestastases
detection increases sensitivity, speed and consistency of the
results (12). From a practical point of view for the pathologist,
any attempt to reduce the workload of examining lymph nodes
for metastases is more than welcome, especially in the context
of ever-increasing workload and the amount of parameters for
evaluation in every tumor specimen. For approximation, in
cases of extensive surgical intervention, the number of acquired
lymph nodes can reach up to 75. In addition to metastases
detection, other pathological processes must also be ruled out.

The authors described the work of a pathologist as labor
intensive and error prone (12). Al is generally advertised in
the context of the efforts to reduce error. The problem is
that in medicine, increasing the sensitivity or precision of
a measurement does not equal improvement of healthcare.
Medical diagnostic and therapeutic approaches are the sum
of an enormous amount of findings which also examine the
effectivity of therapy at a given stage of disease. Patients are
stratified based on “cut oft” values, for example, the finding
of metastases in an axillary node increases the stage in breast
cancer. These values were generated based on measurements
made using the human “eye”, therefore the validity of the
threshold of consequent approach will be within the bounds
of what the human eye is able to distinguish. When immuno-
histochemistry was introduced in the diagnosis of metastases
it showed a great advantage; it allowed for the detection of
a very small number of dispersed metastatic cells which are
undetectable in standard hematoxylin and eosin slides. That
method increased the sensitivity and precision of diagnosis.
Later, it was found that patients with micrometastases detect-
able only with immunohistochemistry (NO i+) did not differ
in clinical outcome from patients who were immunohisto-
chemically negative. A similar clinically insignificant finding
was the detection of metastases on the molecular level, using
RT-PCR in cases negative both in hematoxylin-eosin and
immunohistochemistry (NO mol+).

A vparallel example of the impracticality and futility of
super-precise measurements is in measuring tumor thick-
ness in malignant melanomas (Breslow thickness), which is
an important survival predictor. Gradually, threshold values
were established directly correlating to the tumor stage. Since
2002, the AJCC staging system used cut-off values of < 1,0
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tumory od 0,8 az 1,0 mm zodpovedaji T1b (novy threshold
hrubky) (13).

Snaha eliminovat ,,chybu® automatizovanym systémom,
ktory vytvorili fudia, méze viest ku koncepénym chybam,
ktoré v kone¢nom désledku nezlep$ia zdravotnu starostli-
vost. Lekar vie, Ze aj medicina zalozenda na dokazoch nie
je absolatnou odpovedou na realne potreby jednotlivého
pacienta. Proces lieCenia je dynamicky dej, pri ktorom sa
sleduje reakcia tela a vytitruje vyhovujuci postup. Do toho
je zahrnuty psychicky stav pacienta a jeho Zelanie. Hoci
robot moze rychlejsie vypocitat rovnice a Statisticky pre-
dikovat pravdepodobnost progndzy, je tazké si predstavit,
ze vie inkorporovat nemeratelné parametre, ako su emdcie
pacienta a jeho pohotovost podstupit liecbu. Pacienti hla-
daju lekara, ku ktorému majti doveru, a ako hovorieval pan
profesor Duris, pacienta nemozno lie¢it bez toho, aby veril,
Ze sa moze vyliecit.

Skepticizmus odbornej spolo¢nosti je opodstatneny. Je
zvyknutd pocut o ,state of the art“ metddach a prielomovych
objavoch, ktoré maji schopnost zmenit celt tvar doposial
znamej mediciny. Vdcsina z tychto objavov sa vSak nedozije
praktickych aplikacii, a ked ano, vic¢sinou je to vo forme in-
korporacie dalsieho vysetrenia do zauzivaného postupu alebo
pridania nového parametra pri kalkuldcii progndzy. Nechceme
podporovat rigiditu postupov ,,podla vychodenych cesti¢iek®
Ale revoluciondrna zmena formy zdravotnej starostlivosti
potrebuje najprv transformdciu ideoldgie niroda, na strane
lekdra, aj na strane pacienta.

Zaver

Aj ked UI mozeme vnimat ako maly uspech, ktory ma
daleko od schopnosti ludského mozgu, dosiahnuté vysledky
st produktom exponencialneho technologického vyvoja, ktory
prebieha i nadalej. Tato skuto¢nost je zakladom predpokladov,
ze ¢oskoro nas ¢akaju prudké pokroky, ktoré nie je nase terajsie
vnimanie schopné pochopit. UI preukazala dobré vysledky
v spracovani velkych dat a schopnost odhalit nové stvislosti,
ktoré je vSak potrebné este overit metédami zalozenymi na
doékazoch. Potom ich bude mozné inkorporovat do lekdrom
riadenych rozhodovacich procesov.

Otazkou zostava, ¢i na stanovenie diagndzy lekar potrebuje
az tolko vysetreni ako potrebuje umela inteligencia. Nevieme,
¢i technologicky tlak na lekdrov a zdravotnicke systémy ma
za ulohu zlepsit zdravotnu starostlivost, alebo ¢i mé vytvérat
dalsich ,,zakaznikov“ zdravotnej starostlivosti?

Autori vyhlasuju, Ze neexistuje Ziadny konflikt zaujmov.
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mm for T1 a 1,01 - 2,0 mm for T2. The newest, 8th edition
of the AJCC recommends recording tumor thickness to the
nearest 0,1 mm and not 0,01 mm, with the addition of a new
threshold of 0,8 — 1,0 mm for T1b tumors (13).

The ambition to eliminate “error” using an automated
system developed by man can lead to a conceptual error,
which ultimately does not lead to improving healthcare.
Doctors know that even evidence-based medicine is not
an absolute solution to the realistic needs of individual
patients. Therapy is a dynamic process, during which the
body response is monitored and the convenient approach is
titred, also incorporating factors like the psychological state
of patients and their personal wishes. Even though a robot
provides faster calculation of equations and statistical pre-
diction of the probability of prognosis, it is hard to imagine
that it could be able to encompass unmeasurable parameters
such as the patient’s emotions and their readiness to undergo
treatment. Patients seek a doctor whom they can trust, and
just as professor Duri§ used to say: “you can’t cure a patient
without him believing that he can be cured”

Skepticism of the professional community is substanti-
ated. They are used to hearing of “state of the art” methods
and “breakthrough” discoveries which should change the
shape of medicine as we know it. Many of these discoveries,
however, do not live to see the light of day and if they do, it
is in the form of the incorporation of yet another examina-
tion to the usual approach, or adding yet another parameter
to calculate the prognosis. We do not wish to advocate the
rigidity of “well-trodden paths” But a revolutionary change
in the form of healthcare requires prior transformation of
the ideology of the nation, on the part of the doctor and on
the part of the patient.

Conclusion

Even though AI could be perceived as a small success,
which is still far from the abilities of the human brain, the
achieved results are a product of exponential technological
development which is still ongoing. This fact is the basis for
the expectation that we are on the verge of abrupt advance-
ment, which our current perception is incapable of compre-
hending. AI has demonstrated good results in processing big
data and the ability to uncover relations, these are yet to be
verified by evidence-based medicine. Only then can they be
incorporated into doctor-directed decision-making processes.

The question remains whether the doctors require as many
examinations as Al to make a diagnosis. We wonder whether
the technological pressure on doctors and healthcare systems
serves the role of improving healthcare, or generating more
“clients” of healthcare services.

Authors declare no conflict of interest.
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