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As technology advances rapidly and vast amounts of data are collected, artificial intelligence (Al) is increasing its
presence in our lives. Medicine is a major focus point of Al developers. There are examples of algorithms on par with
medical professionals, the most prominent case being skin cancer recognition. However, advancement involves the
necessity to adapt to technology and to patients utilizing it on a daily basis. What is more, patients present growing
trust towards machine-aided health care. Dermatology is a potent field for Al use as visual data are easy to collect,

hold a lot of information and are paramount for diagnosis.
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Introduction

Medicine has undergone a rapid development over
the past 20 years. Medical professionals now have to
cope with new diseases and new understandings of
old diseases as well as new medications and diagnos-
tic methods. The professional environment in which
we work in is constantly changing and for medicine to
evolve, it must adapt to it.

Not so long ago, only physicians were privileged to
have access to medical information, and with this access,
they were duty bound to educate patients about general
health and disease. As the primary source of medical ed-
ucation, doctors were able to provide relevant and proper
medical advice. Nowadays, the patient enters the doc-
tor’s office armed with information received from wear-
ables, Doctor Google, mobile applications, social media
and chat bots. Unfortunately, most of this information is
of questionable quality and it is uncertain whether such
unrestricted access is beneficial to the patient. Neverthe-
less, physicians must be prepared for such interactions
and develop strategies for working with such new pa-
tients and new technologies as both opportunities and
challenges lie ahead.

Artificial intelligence (Al), sometimes called machine
intelligence, is the term given to a software system that
simulates human intelligence processes by using data in-
puts to make independent decisions or help users make
decisions. However, at present many different defini-

tions of Al exist. It has been defined as a system with
the ability to correctly interpret external data, to learn
from such data, and to use those inferences to achieve
specific goals and tasks through flexible adaptation [1].
Colloquially, the term Al is applied when machine mim-
ics cognitive functions that humans associate with other
human minds, such as learning and problem solving [2].

Al systems and rapid advancements in digital tech-
nologies are revolutionizing healthcare. They have the
potential to establish the diagnosis and introduce treat-
ment of diseases and play a crucial role in many learning
processes [3].

In healthcare, Al is often applied for the large-scale
analysis of big data associated with health information,
such as patient age, medical history, health status, test
results, medical images, and DNA sequences. As Al can
work faster than human researchers and without breaks,
it can clearly offer a number of advantages for improving
healthcare. The question arises about how it can be inte-
grated successfully into the healthcare systems. The first
step is to be familiar with electronic systems and know
what Al truly means.

When discussing the use of such technology in medi-
cine, it is important to make a distinction between Al and
augmented intelligence (Aul), which combines human
and machine intelligence and is aimed at supporting
human intelligence rather than replacing it. Al systems
can run without humans, whereas Aul aims to create sys-
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tems that make humans better. There has recently been
a growth in interest in the use of Aul in dermatology, with
various mobile applications being developed to support
diagnoses and medical decisions. Over the next 20 years,
Aul will doubtlessly play a role in establishing diagnoses,
introducing treatments and identifying places of referral.

Diagnosis

The diagnostic process comprises a medical history
and a physical examination. In dermatology, the analysis
of skin images is a fundamental part of the latter, and
a thorough knowledge of different types of skin lesions,
their distribution and symmetry is essential. Many proce-
dures, such as histopathological or immunofluorescence
evaluation, dermoscopy and ultrasonography, are based
on digital image analysis. In contrast, the medical his-
tory is typically collected through an interview with the
patient, and comprises not only a general history of the
particular skin disease, but also the occupation, hobbies,
routine household activities, animal contact and diet of
the patient, as well as various other miscellaneous fac-
tors such as seasonal variation of the disease, associa-
tion with menses or pregnancy, concomitant disorders,
medication history and family history.

The growth in processing power of computers has
been matched by the growth of more complex sources
of data. It is now possible to electronically access an en-
tire health record, including data pulled from daily life by
wearable devices or smartphones: this can include such
everyday activities as the number of steps walked, sleep
patterns, hypertension, pulse rates, nutrition record or
even blood saturation.

The most powerful tool for acquiring such data is
undoubtedly the smartphone: it is always available, and
can be used to measure a range of aspects of the health
status. Being equipped with a camera, motion sensors,
accelerometer, fast processing power and access to
unlimited internet data and applications it is an ideal
healthcare assistant. Unfortunately, some smartphone
applications may be inaccurate, leading to false nega-
tive diagnoses of malignant changes. Most applications
have not undergone published trials to show that they
work correctly and are safe; they also lack validation and
scientific input from specialists during development and
the technology itself may be subject to errors [4].

There is a general agreement that new technologies
can help doctors and patients make better and faster
healthcare decisions. Currently, the ability to form a cor-
rectly diagnosis takes years of medical training, and even
then, diagnostics is often a difficult and time-consuming
process. Huge advances in automatically diagnosing of
diseases have recently been made by Machine Learning,
particularly deep learning algorithms. Machine learning
algorithms can learn to see patterns similarly to the way
doctors see them; however, a key difference is that these
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algorithms need a lot of concrete examples, usually many
thousands to make accurate predictions [5]. In addition,
they require the diagnostic information to be digitized:
lung cancer or strokes can be diagnosed based on com-
puted tomography (CT) scans, the risk of sudden cardiac
death or other heart diseases can be evaluated by elec-
trocardiograms and cardiac magnetic resonance imaging
(MRI) images, skin lesions categorized by skin images and
diabetic retinopathy identified by eye images.

Al systems for health care have an enormous poten-
tial to transform the diagnosis and treatment of diseases.
However, there are many challenges for implementing
this new technology in medical practice. Al requires
strong processing power and large databases; in addi-
tion, as data are the fuel of computer learning, such data
must be of high quality. Methods of evaluating whether
an Al system is actually better than standard medical
care need to be developed. Importantly, patient privacy
must be protected. Systems that analyse data in health
care are not the same as those that manage logistics for
online orders: there is a need to extend the Hippocratic
oath and adopt a proper, moral and ethical obligation to
protect and use patient data appropriately. Perhaps the
greatest criticism of the use of such machine-based tech-
nology is that it is widely felt that machines can never
replace the emotions, creativity, empathy, sense of hu-
mour and basic intuition which are required for medical
professionals to engage with patients.

Years of medical training are required to develop the
ability to correctly diagnose skin disorders, which itself
is a time-consuming process. Machine learning, particu-
larly the use of deep learning algorithms, has enabled
automatic identification, making diagnostics cheaper
and faster; these diagnoses are sometimes also more
accurate than those of a general practitioner or even
a specialist [5].

Itis possible for Al to detect subtle changes in mam-
mograms, early patterns of cancer in X-ray or CT scans,
as well as early patterns of heart failure or typical pat-
terns of skin nevi and skin lesions that may be missed
by a highly-trained physician.

However, dermatological Al faces a number of prob-
lems that must be addressed before its wide-scale imple-
mentation. Firstly, the current database of skin disease
images is still unsatisfactory, with a lack of labelled data
and samples suitable for the complex network model.
Secondly, the combination of medical and Al complex
abilities is hampered by a lack of cooperation between
multi-disciplinary workers in computer science and bio-
medicine, as well as medical health care professionals.
Thirdly, Al can recognize only a few out of many kinds of
specific skin disorders. Fourthly, the current Al diagnosis
comprises numerous legal and ethical issues [6]. As men-
tioned above, the identification of skin diseases involves
not only an analysis of skin images, but also a range of
clinical tests and a patient history; therefore, skin image
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data and patient information need to be combined to
allow systematic evaluation by Al [7]. As yet, no derma-
tological Al product has yet obtained formal recognition
by a professional body.

Therapy

Digital therapeutics are defined as any intervention
that is digitally delivered and has a therapeutic effect
on a patient. Many applications are currently available
for managing medications, maintaining cardiovascular
health, and supporting mental health and well-being.
The term connected health has been coined to reflect
the environment in which clinicians and patients in-
creasingly communicate through digital media such as
text messaging or video consultations with health care
professionals.

The US health care system, and those of many Euro-
pean countries, are characterized by long waiting times.
Moreover, due to the small number of consultants, in-
cluding practicing dermatologists, diagnoses can be
expensive. In such cases, health care costs and waiting
times can be reduced, and medical outcomes improved,
by eliminating unnecessary visits; one such approach
would be to set a general diagnosis automatically and
then refer the patient to a doctor for a consultation. In
addition, there is increasing evidence that digitally deliv-
ered care, such as smartphone apps and text message-
based interventions, can help to manage chronic condi-
tions such as psoriasis, chronic leg ulcers, diabetes or
cardiovascular diseases.

Medical strategies, including digital health devices,
have the potential to play a unique and important part
of the treatment process. In 2018, the Food and Drug Ad-
ministration approved a mobile medical application for
treating opioid use disorder (OUD). reSET-O is an applica-
tion that can be downloaded directly to a mobile device
on prescription. This application can serve as a training,
monitoring and reminder tool for both health care provid-
ers and patients in maintaining an outpatient treatment
program. Patients who used the desktop computer ver-
sion of the reSET-O program demonstrated significantly
greater retention on a 12-week treatment program
(82.4%) than those who did not (68.4%). The applica-
tion is not intended to be used as a stand-alone therapy,
a substitute for medication, or for patients whose pri-
mary language is not English 8].

Recent studies have focused on the design of more
complicated systems involving the combination of mul-
tiple data sources like photographs, Computer Tomog-
raphy, Magnetic Resonance, genomics and proteomics,
patient data, and even recorded speech or handwritten
files in assessing a disease or its progression. What is
more, machine learning can identify the characteristics
indicating that a patient will have a particular response
to a specific treatment.
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One computer system prepared for the health care
sector as a ‘question answering machine’ is WATSON,
named after IBM’s founder Thomas J. Watson. It com-
bines Al and sophisticated analytical software and offers
enormous potential advantages over human doctors. It
possesses information about every known illness and
medicine, and can be very quickly familiarized with the
symptoms, disease medical history and lifestyle of the
patient, as well as genetic information. It is currently
easier to replace physicians with a narrow specialization
than can be easy digitized, particularly areas that em-
ploy data that could be reduced to algorithms, such as CT
scans, mammography and skin lesion images [9].

In conjunction with Al demonstrating human-
like interaction abilities, such as the Google Assistant
(Google LLC, Mountain View, CA; most prominent ex-
ample of live interaction: https://www.youtube.com/
watch?v=pKVppdt_-B4), such a system could conduct
automated patient interviews in places like emergency
departments, where time is crucial and filtering out im-
portant symptoms allows patient care prioritization.

Babylon is the first service of its kind to be registered
with the Care Quality Commission, the British health care
services regulator [10] is a subscription health service
provider that offers a digital health care application us-
ing a mixture of Al and video and text consultations with
doctors and specialists. The service also allows users to
receive drug prescriptions. The company also claims that
its Al has the ability to diagnose health issues better than
certified physicians in the United Kingdom [11].

A study of patient acceptance and trust in medical
technology found that while most participants believed
that a computer could improve the performance of a phy-
sician, almost all preferred the expert physician opinion
besides the computer-assisted diagnosis [12].

Education

Paper-based records, prescription charts and educa-
tion publications have been replaced by emails, online
forms, electronic databases, open access journals and
electronic medication. Al may well improve the educa-
tion of both patients and care providers through the use
of augmented and virtual reality tools.

With help from Al, education can be personalized
to students of different ages, level of prior skill, learn-
ing style and preference or even cognitive prowess. Vast
resources could be searched with state-of-the-art algo-
rithms to identify specific information. They could also
be converted into easy-to-use flashcards. Al could also
help skip the cumbersome procedure of processing raw
textbook data into notes [13].

Moreover, quality learning is a twofold process com-
prising internalizing knowledge and its external evalua-
tion. New technologies can also offer opportunities for
self-directed learning. For example, Al can act as a part-
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ner for language practice [14]. There is probably a long
way to go for such applications teaching tone languages,
like Chinese or Vietnamese, but can work perfectly for
Indo-European languages.

Feedback can also be achieved with the use of smart
chat bots that provide greater efficiency of learning and
student satisfaction [15]. If Al can process and summarize
a complex problem and explain it in simple words, inter-
actively answering questions, the student can progress
without discouragement.

Intelligent Tutoring Systems (ITS) use Al techniques
to adapt tutoring strategies to learners according to what
they know about the target domain [16]. They are de-
signed to provide learners with instant and personalized
instructions or feedback. One such system is SlideTutor,
an ITS aimed at tutoring microscopic diagnosis of inflam-
matory skin diseases [17].

Virtual Reality (VR) can also be used to train medical
staff in safe conditions without involving patients. These
applications can be greatly enhanced through the use of
Al or Aul to determine the position of objects, such as
hands and fingers, within the simulation. Such applica-
tions are used in a range of disciplines such as endo-
scopic surgery [18], echocardiography [19], neurosurgery
[20] and orthopaedics [21]. The TutorDerm system is one
such VR application intended for dermatology which en-
ables the simulation of dermatological procedures [22].

Conclusions

Although the influence of Al on medicine is growing,
it is important to remember that the software is intended
to be a tool to support the physician, and that it is the
physician who is ultimately responsible for diagnosis and
treatment. There is little chance of Al replacing physicians
in the near future; however, medical professionals who
use Al will replace those who do not. Our future rests
in partnership with intelligent machines and algorithms.
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