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Learn from yesterday, live for today, hope for tomorrow.
The important thing is not to stop questioning
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Dear Colleagues

The monograph periodical "Challenges of the Current Medicine - 10 Edition” is
a collection of authors from many different medical centers.

Medicine is changing more and more every year. Despite the enormous technological
progress, modern medicine is still unable to cope with all diseases. The use of modern and
less and less invasive treatment methods cannot help every patient anyway. How long has it
been since the time of Hippocrates. They show impressive achievements in transplantology,
laser corrections, titanium hip joints, laparoscopic surgery or in vitro fertilization....
Unfortunately, the never-ending pursuit of perfection continues. We are entering the world of
genetic manipulation more and more boldly. What is next? In which medical areas are we
most eagerly awaiting breakthroughs? According to UN forecasts, by 2025, 11%. Of the
world population (21% in the case of Europe) will be people over 65. According to the
International Diabetes Federation, the number of people suffering from diabetes, for example,
is to increase to 578 million by 2030 and to 700 million by 2045. According to Deloitte
experts, in the coming years, the medical industry will focus on such trends as aging societies,
an increase in budget spending on health care, the popularity of health and fitness
applications, the use of telemedicine and virtual diagnostics, the spread of civilization
diseases and antibiotic resistance. It is estimated that by 2025 in medicine, there will be
a fundamental change in priorities and decision-making methods regarding the recommended
treatment and a reevaluation of the approach to diagnostics. According to the idea of "4P"
(predictive, preventative, personalized, participatory), medicine should be predictive,
preventive, personalized, and participatory. Thanks to the use of the latest technological
achievements in data set analytics, genomics, artificial intelligence, nanotechnology, quantum
computers, or 5G communication. It will be possible to diagnose faster and better adapt it to
patients' individual needs and conduct research and development procedures more efficiently.

The outbreak of the pandemic, in turn, triggered a dynamic acceleration of the
digital transformation of the medical sector, which within nine months reached levels
expected in the next many years. The pandemic also highlighted the importance of a wide
range of cooperation in mobilizing and coordinating public and private efforts to tackle global
health threats.
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How do we gain knowledge about health? - on the trail of modern medicine

traps

Monika Tokarczyk?, Maciej Kloc!, Patrycja Madejska!, Szymon Wisniewski?

1. Medical Faculty, Wroclaw Medical University

2. Collegium Medicum, Jan Kochanowski University of Kielce

Abbreviation list
e EBM - Evidence-Based Medicine

e HCPs - Healthcare Professionals

e OTC - Over the Counter

e POM - Prescription Only Medicine

e SM - Self Medication
NSAIDs - Nonsteroidal Anti-Inflammatory Drugs
PPIs - Proton Pump Inhibitors

Introduction

What does being healthy mean? Answering that question seems to be easy. But is it?
According to the World Health Organization, health is a state of complete physical, mental and
social well-being and not merely the absence of disease or infirmity. Years pass by, and the
definition stays almost unchanged. What changes is people's health awareness and willingness
and ability to maintain their health? Health maintenance includes necessary treatment,
following medical recommendations, prevention, and health promotion.

Respondents’ answers about caring for their own health would probably be
simultaneously similar and different from each other. The basic similarity- wish of being
healthy. The basic difference - the way of achieving it. The differences result from individual
variability and life experience, but what they also show is a wide variety of ways of gathering
and verifying information. The verification process is crucial for not getting lost ina huge

avalanche of information that people are bombarded with. In the present world, it is effortless
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to collect information. In 2019, over three-quarters of households in Poland had broadband
access to the Internet at home, and 78.3% (the tendency is growing) of persons aged 16—74 used
the Internet regularly [1]. The difficult part is to judge which information is valuable,
trustworthy, and without fake marks. What may also be complex is to catch the right moment
to give up on tempting self-treatment based on the media and commercials and give yourself
into the hands of specialists.

The development of information technology and medicine and their mutual interaction
undeniably opened new possibilities for patients and healthcare representatives. However, on
the other hand, there is an ever-growing danger of an outbreak of fake news epidemic and

devaluation of medical authorities.

Aim of the publication

This publication aims to find out the primary sources of knowledge about health in
general, the level of obedience to the medical recommendations, and the position of healthcare

representatives at times of broad access to any information.
Methods & research material

The material of the study includes a summary of the results of the online survey named
'How do we gain health knowledge?'. The survey was prepared using Google Forms by the
authors of this publication. It was aimed at the population of Polish teenagers and adults at
different levels of education, professionally involved and uninvolved in medicine. Two hundred
sixty-seven results were collected. The questionnaire filling was voluntary and anonymous.

Data were analyzed using the Google Sheets program.

Results

The results presented below are based on data gathered in the Internet survey. Each
response was complete and thus taken into account in the analytic sample.
The vast majority of respondents were in the age group between 19 and 25 years

(56.6%); the second biggest group were people between 26 and 35 years (18,7%).
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The smallest group of survey respondents were people over 60 years of age (0,4%)
[Fig.1].

Figure 1. Age respondents

As presented in Figure 2, over eighty percent of the respondents identified themselves

as women (83,1%), and 16.9% identified as men.

Figure 2. Gender respondents

In educational background, over 40% of interviewees were in the course of study, 34,6%
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had a higher education, 12,4% had secondary education, 11,5% received an elementary
education, and the smallest group, 1,4% have vocational education [Fig. 3].

The majority of respondents are neither professionally connected with healthcare nor
studying medical subjects - 30,7%, the remaining part is career-wise connected with healthcare
69.3% [Fig. 4].

Figure 3. Education respondents

Figure 4. Professional respondents

In a multiple-choice question concerning sources of knowledge about health the biggest
part of respondents - 80,9% claim that they are basing their knowledge on the information from
the medical doctors. The second place is taken by the medical portals, such as mp. pl, the most

famous Polish website dedicated to doctors and patients (54,7%). After that, medical doctors'
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profiles on social media were chosen as the source of knowledge (42,3%). The following
responses presented as follows: friends — 27.3%, Internet groups and forums (26.6%),
Wikipedia (22,1%), YouTube (16.5%), TV shows (15.4%), and mobile medical apps (6.7%)

[Fig. 5].

250
200
150
100
50
0
Medical Friends TV Social  YouTube Medical Medical Wikipedia Medical
doctors Media doctors' websites mobile
accounts apps
on social
media

Fig. 5. Information sources

Most interviewees (66.3%) claimed they bought and took OTC medications or

supplements without medical consultation at least once [Fig. 6].

Fig 6. Purchase of OTC drugs
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39% answered that they had used a POM from their domestic first-aid kit without
medical consultation, which was initially prescribed for somebody else [Fig. 7].
13,9% have taken another person's POM that they use for their diagnosed disease

without medical consultation [Fig. 8].

Yes
39,0%

No
61,0%

Figure 7. Have used a POM from their domestic first

Yes
13,9%

No
86,1%

Figure 8. Using the help of another person

Regarding vaccinations, 37,1% of our respondents are fully vaccinated, including
prophylactic vaccinations that are not mandatory (e.g., the flu), and are willing to vaccinate
their children. 55.4% are fully vaccinated and are willing to vaccinate their children, but they

have not taken prophylactic vaccinations that are not mandatory [Table I].
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6.7% of the group are not vaccinated and unwilling to vaccinate their children, and the

smallest group (0,7%) are vaccinated but unwilling to vaccinate their children:

Medical professionals (82) Non-medics (185)

Attitude to vaccination
I'm not vaccinated and | would never 7,3% 6.5%
vaccine my child

I'm vaccinated, but | would never - 1,1%
vaccinate my child

I'm vaccinated and | would vaccine my 51,2% 57,3%
child, but I'm not vaccinated for influenza

I'm vaccinated and | would vaccine my 41,5% 35.1%
child and I'm vaccinated for influenza

COVID-19 vaccine
I don't want to get vaccinated and | | 14,6% 40,5%
discourage other people

I would like to get vaccinated, but the | 1,2% 1,6%
doctor decided there are some
contraindications

| would vaccinate as soon as it would be | 20,7% 51,9%
available for me

I'm vaccinated (at least one dose) 63,4% 5.9%

Have you ever taken any medicine or supplement based only on the information found on the
Internet without consultation with a doctor or pharmacist?
YES 65.9% 62,2%

NO 34,1% 37,8%

Have you ever taken any prescription drugs that you already owned without any consultation
with a doctor or pharmacist?

YES 42,7% 37,3%

NO 57,3% 62,7%

Have you ever taken any prescription drugs that you get from someone without any
consultation with a doctor or pharmacist?

YES 17,1% 82,9%

NO 12,4% 87,6%
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As it comes to vaccinations against SARS-CoV2 causing COVID-19 disease the biggest
part of the group is willing to take the vaccine as soon as it will be possible (42,3%), 23,6% are
vaccinated at least with one dose and 1,5% is willing to take the vaccine but they have health
contraindications confirmed by a medical doctor. 18,7% are not willing to take the vaccine and
are discouraging their relatives to do so, 13,9% are not willing to take the vaccine but they are
encouraging their relatives to take it.

It should be mentioned that the data was collected to date 28-05-2021 and most of the
answers were uploaded when vaccinating was not available for the full population [Table I).

Most interviewees (86.1%) declare paying attention to the source of overheard

information or the one read on the Internet [Fig. 9].

Figure 9. Internet as a source of information

When it comes to Google searching (43,1%) chooses the most popular sites offered by

Google, and (56.9%) read information only from websites of their choice [Fig. 10].

Figure 10. Internet as a source of information
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The majority of respondents (87,6%) verify the information in a couple of different sites
while 8,2% check the content in two sources and 4,2% only in one source [Fig. 11].

56.2% of interviewees claimed that they check their symptoms on the Internet before
going to the doctor. When their diagnosis is different from the medical doctor's one, 92,5% of
them are marked in a multiple-choice question that they abide by the doctor's recommendations.
11.2% do not accept the recommendations they do not agree with and search for another doctor,
3.4% do not agree at all with the doctor's recommendations and abide by the information they
found on the Internet and 1.1% do not accept the doctor's recommendations and end the
diagnostic process at this point.

250
200
150

100

50

multiple sources one source two sources

Figure 11. Main sources of information

36.3 percent declare that the information found on the Internet at least once rendered
that they forwent going to the doctor [Fig 12].

Figure 12. Information found on the Internet and resignation from visiting a doctor
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8,2% answered that they witnessed a situation when the information gathered on the
Internet caused side effects. 36% declare that at least once, the information they found on the
Internet was verified by the person with medical education as fake. Most of those who
experienced such a situation rejected that information and agreed to the recommendation
verified as true, 20,7% of this group sometimes did not want to trust the medical worker and
partially stayed true to the information found by themselves and 4,4% did not accept the
information verified as fake at all.

70,8% of the interviewees claim that they understand the term "Evidence-based

medicine".

Discussion

Recent years showed that the growing access to many sources of information leads to
the indisputably valuable tendency - growth of interests in healthcare among people [10]. What
seems to be the leading problem connected with that change is a huge overload of information
from many sources - some of them being valuable medical publications, some, however,
presenting a subjective point of view of the author not related to the medical environment or
even without basic medical education. Above that, another problem is the misinterpretation of
those texts by the readers and the lack of need to verify gathered knowledge with medical
workers. It is not easy not to get lost. Internet use for health-related purposes and self-
medication are common public health problems. Our study confirms that the most preferred
sources of information are those from medical doctors [Fig. 5]. The Internet has promising
potential to support patients and keep them informed about health, but there is a significant
risk of erroneous advice that may be found online. There are no strict regulations to prevent
misinformation. Medical professionals should provide patients with the concept of 'evidence-
based medicine' to deliver them trusted sources of knowledge [2,3,4].

Our research study showed two main observations - inequality of the responses to
questions regarding healthcare between medical and non-medical interviewees and weakening
of trust towards medical workers. The first result listed is inseparably connected to the
knowledge about health gained in a medical university and further practice. The second aspect
is much more complicated. One of the reasons causing the weakening of trust can be the
construction of the Polish healthcare system where there are few doctors for the number of

citizens, and the patient is forced to wait in lines for months to get a consultation with
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a specialist. This also leads to the searching for information on one's own other than listening
to the doctor's orders - respondents of our survey that declare buying and taking OTC
medications or supplements without medical consultation, using a POM from their domestic
first-aid-kit without medical consultation, which was originally prescribed for somebody else
or taking another person's POM that they use for their diagnosed disease, without medical
consultation are mainly those from the non-medical environment [Table 1].

In developing countries, self-medication is often unavoidable. Developing countries
have less access to health services, and it is a cheaper solution. Some OTC drugs can be
purchased at grocery stores, gas stations, etc. Store employees often do not have proper
knowledge about products and diseases processes. This can lead to complications induced by
drug interventions due to medicines interaction, inadequate dose, and route of administration
[5.6]. One of the most dangerous effects of self-medication is antibiotic resistance [7]. Also,
NSAIDs, one of the most commonly used medications, can cause ulcers and bleeding as patients
do not know about protective drugs, such as PPIs [8]. SM can also provide benefits such as
increased access to medication, lowering the costs of the community. Limited health education
is a factor that is a source of inefficiency. Country authorities should implement new policies
to solve these problems.

As told above it is extremely important that in the era of broad access to information
healthcare workers should provide evidence-based medicine. Our respondents claim to
understand the term EBM in over 70%. However, we cannot forget that to understand is one
thing, to put it into practice is another.

Our study shows that respondents pay attention to the source of information they read
[Fig. 9]. Moreover, they try to verify them using multiple websites. As mentioned before, the
verification process is essential for finding valuable information. At the same time, we cannot
ignore the fact that above 40% of interviewees still prefer to read sites that have the best
positioning in Google rather than to choose their preferred sites [Diagram 10]. Google does not
arrange results in accordance with scientific evidence but in accordance with click rates. It is
a risk factor for gathering fake information. According to studies, falsehood is more clickable
and diffuses farther, faster, deeper, and more broadly than the truth in all categories of
information [9]. It is significant considering the fact that more than half of respondents claim
to check their symptoms on the Internet before going to the doctor. What is more, 36% of

respondents claim that they replaced their medical consultation with their research. As well as
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it is almost unavoidable for patients to come across falsehoods, it is also hard to avoid cognitive
biases while doing research. Here comes the example of primacy effect and anchoring and
adjustment heuristic. Information read as the first ones can strongly determine patients'
opinions. Some respondents claim to ignore medical recommendations given by specialists
even if their self-diagnosis beliefs were verified as wrong. However, there is undeniably no
reason for criticising patients for their thirst for knowledge. This is no time to pretend that
technical development does not exist [10]. This is time for proper health education, gathering
information from appropriate sources, and considering patients and technology as partners to
achieve common goals. Unfortunately, there is also no time for real discussion during the
majority of medical appointments. In this way, we come back to the problem of an insufficient

healthcare system.

Conclusions

Our results suggest that healthcare professional workers and medical students were
more familiar with adequate knowledge about the sources of information and risk factors for
self-medication. The large body of evidence concludes a significant lack of knowledge between
the health sector workers and other members of society. Future studies are needed to increase
people's awareness of this matter. Nowadays, HCPs should improve the educational programs
of teaching patients about problems that wrong sources of information and treatment may cause
without consulting a doctor. In the present situation, it is also crucial for public health to educate
patients about the importance of vaccinating and encourage them to take the vaccine against the
SARS-CoV?2 virus causing COVID-19.

References
1. Guminski M., Huet M., Jacykowska M., Juszczak K., Kwiatkowska M., Mordan P.,
Orczykowska M. Information society in Poland Results of statistical surveys in the years
2015-2019. https://stat.gov.pl/en/topics/science-and-technology/information-society/
information-society-in-poland-results-of-statistical-surveys-in-the-years-20152019,1,
6. html (cited 16.07.2021).
2. Liobikiené G., Bernatoniené J.: The determinants of access to information on the

Internet and knowledge of health-related topics in European countries. Health Policy,

24


https://stat.gov.pl/en/topics/science-and-technology/information-society/information-society-in-poland-results-of-statistical-surveys-in-the-years-20152019,1,6.html
https://stat.gov.pl/en/topics/science-and-technology/information-society/%20informa
https://stat.gov.pl/en/topics/science-and-technology/information-society/%20informa

10.

How do we gain knowledge about health?
- on the trail of modern medicine traps

2018, 122(12), 1348-1355.
Nordin I.: Expert and non-expert knowledge in medical practice. Medicine, health care,
and philosophy, 2000, 3(3), 297-304.

Gao Z., Ying S., Liu J., Zhang H., Li J., Ma C.: A cross-sectional study: Comparing the

attitude and knowledge of medical and non-medical students toward 2019 novel
coronavirus. Elsevier Public Health Emergency Collection, 2020, 13(10), 1419-1423.
Peters D., Garg A., Bloom G., Walker D., Brieger W., Rahman M.: Poverty and access
to health care in developing countries. The New York Academy of Sciences, 2008,
1136(1), 161-71.

Strasser R., Kam S., Regalado S: Rural Health Care Access and Policy in Developing
Countries. Annual Review of Public Health, 2016, 37, 395-412.

Rather 1., Kim B., Bajpai V., Park Y.: Self-medication and antibiotic resistance: Crisis,
current challenges, and prevention. Saudi Journal of Biology Sciences, 2017, 24(4),
808-812.

Abdel-Tawab M., Zettl H., Schubert-Zsilavecz M.: Nonsteroidal anti-inflammatory
drugs: a critical review on current concepts applied to reduce gastrointestinal toxicity
Current Medicinal Chemistry, 2009, 16(16), 2042-63.

Vosoughi S., Roy D., Aral S.: The spread of true and false news online. https://
science.sciencemag.org/content/359/6380/1146 (cited 27.07.2021)

Calixte, R., Rivera, A., Oridota, O., Beauchamp, W., Camacho-Rivera, M.: Social and
Demographic Patterns of Health-Related Internet Use Among Adults in the United
States: A Secondary Data Analysis of the Health Information National Trends Survey.
International Journal of Environmental Research and Public Health, 2020, 17(18), 6856.

25


https://science.sciencemag.org/content/359/6380/1146

Artificial Intelligence in surgery — selected egzamples of use and potential future

Artificial Intelligence in surgery — selected examples of use and potential

future

1 1 1
Maksymilian  Ludwig, Agnieszka Mikuta, Karol  Zagoérski,

1 2 2
Wojciech Borowicz, Anna Kurzelewska-Sobczak , Willy Hauzer ,

2 2 1,2
Stanistaw Ferenc , Pawel Barnas, Jan Gnus

1. Medical University Piastow Slaskich of Wroclaw, Wroclaw

2. Regional Specialist Hospital in Wroctaw, Research and Development Center, Wroclaw

Abbreviation list
e Al - artificial intelligence ML — machine learning DL — deep learning
e AL -anastomosis leakage
e AUC - area under the ROC Curve ICU - intensive care unit

e AUROC - area under receiver operating characteristic curve MLP — Multilayer
Perception

e BoW - bag-of-words

e ECG - electrocardiogram; electrocardiogram

e FDA - Food and Drug Administration EMA — European Medicines Agency

e MAP —mean arterial pressure RAS — robotic-assisted surgery ANN — Artificial Neural
Network

e NLP - natural language processing

e PCNL - percutaneous nephrolithotomy DNN — Deep Neural Network

e RF - Random Forest ET — Extra Trees

e EU - European Union

e COVID-19 - Coronavirus disease 2019

Introduction

The concept of artificial intelligence is widely known today because the spectrum of its
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applications - actual and potential - is extremely broad. It is present in various fields of science,
both medical and non-medical. It is a source of inspiration for literature and film, mainly in the
genre of science fiction. Before the term "artificial intelligence™ was first introduced into the
language, fantasies about it accompanied philosophers and writers decades or even centuries

earlier.

Historical overview

Even Homer, in "The lliad and The Odyssey", mentioned several times inventions that
could work and move independently. "Book XVIII" contains a description of the forge of
Hephaestus, in which individual machines work automatically. For example, these include
bellows, which work once and then stop, depending on how the master commands them and
what the need is. The implication is that not only are they obedient, but they can also make
decisions on their own. In another fragment, Homer mentions mobile tripods constructed by
Hephaestus. When finished, they will serve as useful tools for the gods [1]. A prototype
machine that fits into today's definition of a robot was developed later—the third part of
L. Frank Baum's Oz series, 1907's Ozma of Oz, features the mechanical man Tik-tok, who
"Thinks, Speaks, Acts, and Does Everything but Live" [2,3]. Both Homer's and Baum's work,
as well as various other cultural texts, may have inspired many explorers because they

suggested the possibility of using the artificial mind as a tool.

Term "artificial intelligence™

Although visions of such technologies, which today are called artificial intelligence,
were around centuries ago, it must have passed many years before the term was officially
introduced. This was done by John McCarthy at the 1956 Dartmouth Conference [4,5]. Since

then, Al has stood for the ability of a machine to simulate intelligence [6].

Uses of artificial intelligence

With the development of technology, Al has evolved from a visionary's idea into a tool
that is widely used in both medical and non-medical fields. Currently used techniques allow
computers to analyze both - structured and unstructured data. In the first case, two methods are
used: machine learning (ML) and deep learning (DL). They can only operate on structured data.

On the other hand, the natural language processing (NLP) technique to analyze information
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does not require it to be defined in advance by a human [7]. Therefore, it is not a problem for
artificial intelligence to scan many different types and forms of available information. With the
accessibility of a variety of methods, it is possible to use machines to interpret a very broad
spectrum of data.

Al is widely used to construct simulators of various strategic games, such as chess [8]
or poker [9]. By using machine-learning techniques, it is possible to create a virtual opponent
that can predict the player's moves, plan and choose the most advantageous plays. Al has also
found application in computer games, where the system is supposed to interact with the player
at a level as close to human as possible [10]. A promising direction of development is to
introduce more and more uses of artificial intelligence techniques into the motor field.
Currently, automakers are offering vehicles with so-called virtual assistants. Some companies,
like Honda, want to go a step further by constructing self-driving cars [11]. Although they are
not available on the market for now, it is possible that in the future, they will become an
everyday reality.

Artificial intelligence techniques are now common in every field of medicine. In
dermatology, Al is used in diagnostics to help clinicians differentiate skin diseases by analyzing
skin image databases. This is how, inter alia, the Chinese platform AIDERMA or the mobile
application SkinVision [12] work. Radiological imaging uses techniques such as ML and DL
to detect potentially dangerous lesions and then characterize them. For example, Al's analysis
of microcalcifications in the breast supports mammography interpretations [13]. A study by
Foo, Simon Y et at. also demonstrated the effectiveness of machines in recognizing different
heartbeat patterns in ECGs. In the future, this could potentially have applications in assessing
a patient's heart condition and tracking its changes [14]. These are just some of the hundreds of
applications, but they confirm that for modern medicine, artificial intelligence is a highly useful,
even essential tool with enormous potential for development.

The applications of artificial intelligence, both in everyday life and in specialized fields,
can be listed endlessly, and an exhaustive article could be written on each of them. However,
this paper focuses on the usefulness of Al in surgery, including pre-operative, intra- operative

and postoperative patient care.

Pre-operative care

Artificial intelligence is particularly effective in forecasting, predicting the future, so it
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is an ideal tool for the prevention of very different diseases, that is, assessing the risk of their
development and detection diagnosis.

One of the possible uses of artificial intelligence in surgery is the ability to predict the
effects of surgical intervention and the risk of potential complications. In this way, it supports
the surgeon in making decisions about possible surgery.

Very broad use of Al in the evaluation of surgical operations (to be done) is the detection
and quantitative assessment of various biomarkers concentrations. An example of the use of
this approach is a study using machine-learning-derived analysis to find a trait that predicts
chronic postoperative pain. The authors used a cold pain test by placing the hand in cold water
(approximately 4*C) and rating the pain on a numerical rating pain scale. Using Al- assisted
data analysis, parameters were determined to exclude patients with persistent postoperative pain
with over 94% accuracy [15].

J. K. Scheer et al. created a model to predict major complications (intraoperative and
postoperative) in adult spinal deformity surgery. It is based on 45 surgical variables,
radiological parameters and demographic characteristics. The Al achieved an overall accuracy
of 87.6% with an AUROC curve (area under receiver operating characteristic curve) of 0.89.
There were 20 variables with the highest importance in the model, which mainly included age,
leg pain, Oswestry Disability Index, and a number of decompression levels [16].

A pilot program conducted on the global ASSIST registry (“"collecting information
related to various techniques of mechanical thrombectomy in large vessels™ [17]) created an
artificial intelligence-based model predicting the risk of death in surgery for congenital heart
defects [18]. More than one million children are born with heart defects each year worldwide,
so it is a socially important disease worldwide [18].

This study tried to use different Al models such as Multilayer Perception (MLP),
Random Forest (RF), Extra Trees (ET) and others. RF proved to be the best option with an
AUC=0.902 [18].

A number of characteristics affecting neonatal survival during the mentioned surgeries
were listed, including previous ICU admissions, body height, body weight, blood saturation

and pulmonary atresia [18].

Intra-operative care

Artificial intelligence has also found applications in assisting the surgical team during
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operations. From algorithms that can predict emergencies based on patient parameters, to
autonomous robots that can independently perform certain tasks within the surgeon's
competence. Currently, a much more developed area are algorithms designed to assist surgeons
or anesthetists in making decisions during operations. This is understandable not only because
of the difficulty of creating machines capable of imitating the precise movements of the
surgeon, but also because in order to create a machine capable of independent operations, we
must first teach the computer to make decisions independently and accurately. So a path where
technologies are first developed to teach artificial intelligence to think for itself and advise the
surgical team is most natural. A machine must first learn to make decisions on its own in order
to be able to operate independently afterward.

Correct decision-making during surgery is crucial to its final outcome. For this reason,
many researchers have focused their attention on the use of Al to help make these decisions.
Based on the scientific articles we reviewed, we have distinguished two main directions for
artificial intelligence in intraoperative counseling: aiding in cancer detection/differentiation and
more generally, helping to decide what to do in other non-oncological cases. There are already
many algorithms that, based on the data provided, are able to detect where a tumor is in the
human body, determine whether it is healthy or cancerous tissue, and even determine the type
of cancer or its nature [19].

Determining the location of a tumor can take place as a result of, for example,
intraoperative analysis of the distribution of contrast agent or with the help of hyperspectral
imaging. The distribution of contrast medium is helpful in that it will be most abundant where
there is a more vascularized area than surrounding areas, which may suggest the existence of a
tumor. Using this method as a source of information, the two best algorithms were able to detect
glioblastoma in patients with an accuracy of 0.71 and 0.9507. Interestingly, the first algorithm
did not have a ready-made database from which to draw conclusions, but it learned during
surgery from the tissue of the operated patient. The surgeon had to mark 2 areas with cancer
and two without on the patient's body, and on this basis, the program learned to recognize new
tumors in the same patient. The learning process itself took about 3 seconds, so it could be used
during surgical practice.

The next group of algorithms that assist the surgical team in decision-making is those
that provide information on the characteristics of the tissue involved. Allison, 2020 lists
a number of papers, which handled different algorithms, that depending on the work, were able

to distinguish pathological colorectal polyps from benign ones with a high success rate (94.2%),
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to distinguish meningiomas from glioblastomas using probe-based confocal laser
endomicroscopy with a success rate of up to 99.49%, or to distinguish normal lymph nodes
from metastatic lesions using other methods and to distinguish glioblastoma from normal tissue
[19].

Also, Martini [2020] in his work, demonstrated the existence of a neural network that
was able, on the basis of sections taken from the patient and analyzed by Stimulated Raman
spectroscopy, to distinguish tumor tissue from normal brain tissue. Moreover, she achieved this
result faster (examination time: 2-3 minutes) and with higher efficiency (94.6%) than
pathologists (93.9%) who used the standard cryosection slide preparation technique for
diagnosis [20]. The above achievements of artificial intelligence can be an invaluable aid, for
example, in deciding whether to perform a biopsy or in determining the extent of pathological
tissue excision. This is a great help not only due to higher efficiency and lower time
consumption for diagnostics by physicians but also because the quality of pathologists and
samples taken does not influence the correctness of the diagnosis.

Another type of algorithms we have highlighted are those not related to cancer.
Lundberg presented an algorithm based on machine learning that was able to predict in a patient
under general anesthesia the probability of being in a hypoxic state before surgery and to detect
the upcoming hypoxic state every minute of the surgery 5 minutes before it occurs. Al was able
to predict these health-threatening conditions significantly more effectively than anesthetists in
both of the cases (p<0.0001). In addition, Al provides the reason for its predictions, which could
enable anesthetists to intervene more effectively and prevent hypoxic conditions. A positive
effect on the prediction of hypoxia by anesthesiologists was also demonstrated when they relied
not only on their own experience but also on the clues provided to them by Al. They achieved
significantly better results with Al than without it
(p<0.0001). Furthermore, it has been shown that by increasing the Al learning database, its
effectiveness in detecting hypoxic conditions is also increased. This effectiveness could
probably also be increased by decreasing the time interval before the hypoxia event [21].

An algorithm that detects states of hypotension in a patient under general anesthesia
provides a similar aid to anesthetists in predicting states that are dangerous to the patient's
health. This algorithm was programmed to recognize a low-pressure state from MAP values
<65mm Hg and normal pressure from values >75mm Hg. It was designed to calculate the
probability of hypotension in patients 5, 10, and 15 minutes before the event and to return point

values to clinicians where prophylactic treatment against low blood pressure was recommended
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from certain values. This algorithm has been tested in practice. 2 retrospective trials have shown
the high effectiveness of the above algorithm in predicting hypotensive states. There were also
two randomized controlled trials to compare the time spent in hypotension in patients
undergoing standard medical care and in those where doctors suggested prompts from Al. In
both studies, patients of physicians, who were healing the patients based on the Al warnings
about the risk of hypotension spent significantly less time in a hypotensive state than when
physicians used standard procedures alone (p<0.001). In these studies, physicians intervened in
response to 77.8% and 81% of alerts from Al. One of these studies showed that Al does not
affect the number of drugs and fluids used to control hypotension but the frequency and doses
at which they are administered. This means that the less time spent in hypotension was not due
to an excess of drugs used, but to the accuracy of the choice of their use and amount, to which
Al contributed [22].

Al has also found application in eye surgery. Tian et al., in his work on the use of Al
during cataract surgery, presented an algorithm capable of not only recognizing the eye or
tracking surgical instruments with high efficiency but also able to recognize cataracts with
99.2% efficiency and was able to determine lens hardness with 96.3% efficiency [23], which is
known to be closely related to the degree of cataract severity [24]. The above achievement is
a good start for the development of autonomic cataract surgery of the eye. The algorithm
recognizing the degree of cataract, after some further improvements, will also be able to
determine the amount of ultrasonic energy needed to perform phacoemulsification. In this case,
the doctor's role would only be to manually perform the maneuver, and all the values would be
determined and selected for him by artificial intelligence. Thus, this creates the possibility of
creating a machine capable of assisting surgeons to a large extent [23].

Another example of Al assisting in intraoperative counseling is in helping to recognize
anatomical structures. In the laparoscopic surgery setting, it is difficult to recognize some
structures of similar appearance that could be recognized by touch in open surgery. This is
where neural networks can help, learning from thousands of surgical images how to recognize
given structures based on appearance alone. Harangi et al. presented work in which, by learning
a neural network, a system was created capable of distinguishing with 94.2% efficiency
between the uterine artery and ureter, i.e., two structures visually very similar to each other
[25]. Solutions based on this principle could help reduce misdiagnoses and, therefore
postoperative complications.

However, the help of artificial intelligence during surgery may manifest itself in more

33




Avrtificial Intelligence in surgery — selected egzamples of use and potential future

than just advising on decisions. Miehle 2017 in her work, presented the concept of creating
a program that would help surgeons in a completely different way. It would be a speech-
controlled program (there are already advanced programs that understand human speech such
as Siri or Alexa), which, on the surgeon's instructions, could change the lighting of the room,
the positioning of the operating table, display patient data, or, for example, save the doctor's
favorite settings and prepare the operating room at the surgeon's discretion. This would provide
an irresistible aid and comfort in conditions where the surgeon must remain sterile. A voice
control function in these conditions would be very helpful [26].

Although machines capable of autonomous surgery are, for the time being, a distant
future and a machine capable of performing autonomous surgery do not yet exist, research in
this area is already underway [27]. The first step to create such machines is to define standard
algorithms for the procedure and to detail the steps in treatment. A particularly important aspect
is the standardization and creation of guidelines for performing surgical suturing, which is
a regular part of a surgeon's work. Jackson and Cavusoglu have created a broad description of
the behavior of the % circle needle during suturing on the basis of an extensive mathematical
analysis of the needle movement trajectory and the experience of surgeons [28]. From this, it is
possible to predict how the needle will behave or to what depth the needle should be inserted,
knowing the entry and exit point. Another equally important aspect is the behavior of the tissue
during needle insertion and the calculation of the optimal way to insert the needle so that this
deformation is as small as possible, which has also already been described [27]. All of this is
an important start to creating a program able to perform effective suturing during surgery on its
own. There are also robots capable of autonomously performing surgical knots based on
iterative learning from human demonstrations. Moreover, they are capable of tying these knots
faster than humans (using laparoscopic tools) and of performing set movements with
laparoscopic tools more precisely than humans [29]. There are also robots that are able to place
sutures more precisely and regularly than a human, but only in experimental conditions. The
STAR robot, when compared to the performance of surgeons placing sutures manually, is able
to place sutures with more regular spacing between sutures and by performing the same amount
of needle repositioning (the less, the better, as this prevents unnecessary tissue damage).
Moreover, this robot achieves a shorter time, performs fewer needle repositions, and maintains
more regular spacing than surgeons using laparoscopy and RAS with da Vinci Surgical System
[30,31]. Although these robots are not based on artificial intelligence but only on algorithmics,
we decided to mention it because it will certainly be the key to the development of fully

automated machines capable of performing surgeries on their own in the future.
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Postoperative care

When considering the roles of artificial intelligence in surgery, its use after the surgical
procedure should also be considered. Improvements in this area will impact the speed of patient
recovery, to a significant degree. This publication highlights the most prosperous applications
of Al in postoperative care in the areas of prediction, monitoring, and telemedicine.

The term "prediction” covers a wide range of Al applications. For proper patient care,
the ability to predict the outcome of a procedure and its potential complications and other risks
is critical. This allows for the rapid implementation of additional treatment and the selection of
the most effective management methods that are individualized for each case. There are an
extremely large number of variables that significantly determine the outcome of surgery, so
their analysis is an effective method of prediction. However, the vast amount of
data available is impossible for the clinician to analyze, so machines find their role in this area.

Machine learning techniques were used by Aminsharifi A. et al. to create an Acrtificial
Neural Network (ANN) model that can effectively predict the outcome of percutaneous
nephrolithotomy (PCNL). This is a procedure used to treat urinary tract stones. The constructed
model showed specificity and sensitivity ranging between 81.0% and 98.2%, confirming its
potential usefulness in postoperative patient care. A variety of data were used, both
preoperative, intraoperative, and postoperative, which certainly had a positive impact on the
accuracy of the algorithm. Modern diagnostic techniques allow physicians to obtain vast
amounts of information about a patient and his or her condition. In contrast, artificial
intelligence has virtually no limitations in its interpretation. Therefore, the development of
analytical methods drives the development of Al techniques and vice versa. In the case of
PCNL, the successful prediction of the outcome of surgery can significantly reduce the time of
hospitalization of the patient, thanks to the immediate implementation of additional procedures.
This entails many benefits. For example, the patient will be able to leave the hospital and return
to normal life sooner. For the facility, this means reduced costs and also a decrease in the use
of human resources [32].

Hopkins B. et. al. also looked at the issue of predicting postoperative complications. In
their work, they attempted to construct a system that would effectively predict the occurrence
of infection after posterior spinal fusion surgery. In this case, deep learning techniques were
applied and a Deep Neural Network (DNN) model was built. To evaluate the performance

of the DNN system, the positive and negative predictive values were calculated, which were
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92.56% and 98.45%, respectively. This demonstrates the effectiveness of the applied Al
technique in predicting the occurrence of postoperative infection. Moreover, the described
model allowed distinguishing the factors that most increase or reduce the risk of infection. With
this type of data, it is possible to quickly identify a group of patients particularly vulnerable to
complications after surgery and provide them with special care during recovery. In addition,
knowing the impact of certain modifiable characteristics on the risk of the described
complication, clinicians will be able to reduce it. For example, according to the constructed
algorithm, the use of steroid drugs more than nonsteroidal immunosuppression increases the
risk of postoperative infection. Therefore, this fact may be considered while customizing the
proper pharmacotherapy for the patient. This observation offers hope that Al techniques can be
used to maximally reduce the risk factors for any postoperative complications [33].

A technique other than machine learning was used by Soguero-Ruiz C. et al. They built
a bag-of-words (BoW) model to predict the occurrence of anastomosis leakage (AL). This is
a complication of elective colorectal cancer surgery, affecting up to 15% of patients, which in
the worst case can end in death. The essence of the action of the system described above is to
highlight the words or phrases that appear most frequently in the records of patients who have
experienced a particular complication. The model trained in this way will be able, on the basis
of appearing in clinical records words, more or less related to AL, to determine the risk of its
occurrence [34]. Typically, the first clinical signs of AL do not appear until at least five days
after surgery [35]. Thus, a relatively long period of time must pass before a physician can
diagnose the complication and, thus, before he can implement the treatment. Since response
time plays a crucial role in such a serious complication, early detection has a significant impact
on patient prognosis. The use of artificial intelligence to predict anastomosis leakage makes it
possible to isolate vulnerable patients and to show special care and accuracy when monitoring
their condition after surgery. The model described by BoW demonstrated sensitivity and
specificity of 100% and 72%, respectively, so its effectiveness in predicting potential
postoperative complications can be admitted [34].

Surgery procedures may be very demanding on the body, and it happens that the patient's
condition after surgery becomes dangerously destabilized. Sometimes this is an immediate
threat to the patient's life; other times it may result in a failure of the surgery, such as rejection
of the transplant. Therefore, it is very important to constantly monitor the patient's condition
after surgery, and any error or delay may lead to negative consequences. Since evaluation on

the part o fthe clinician is subjective, Kiranantawat K. et al., for monitoring free flap tissue
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perfusion, decided to involve artificial intelligence as support. They created a cell phone
application for this purpose called SilpaRamanitor. After photographing the skin of the
transplanted tissue, the software is able to detect the obstruction in a vessel leading to
disturbance of blood flow in the free flap. Moreover, the type and degree of the pathology can
be assessed. At the validation stage, the specificity and sensitivity of the program were
determined and were 98% and 94%, respectively. The effectiveness of the application was then
confirmed in a clinical test conducted on a woman after breast reconstruction with the rectus
abdominis muscle. The study showed that artificial intelligence is able to detect perfusion
abnormalities faster than it begins to give clinical symptoms. Doctors are able to see changes
in the color of the skin of the tissue in which the obstruction of a blood vessel has occurred, but
it turned out that the application based on machine-learning technique can do this faster.
Furthermore, any changes in tissue blood supply are particularly difficult to see in patients with
darker skin color. In contrast, this is not an obstacle for the application. This proves that in
monitoring a patient's condition after surgery, an Al-based model can be a useful tool to speed
up diagnosis and management in case of postoperative complications [36].

Postoperative care does not end after the patient leaves the medical facility. His or her
health status should be monitored even after hospitalization ends. As of today, the most time-
saving way to consult a patient is a phone call. Bian Y. et al. found an application for artificial
intelligence in this aspect, to maximize telephone follow-up after orthopedic surgery. For this
purpose, an Al-based system was constructed that automatically called patients and collected
feedback from them. The effectiveness of Al was then compared t o that of manually made
phone calls. The biggest noted benefit of using Al is certainly the time savings, as the described
method does not require any human involvement [37].

Thus, the time required for Al to perform a follow-up is 0 hours. A common problem
that hospitals face is deficiency of human resources. When there is a shortage of doctors and
nurses to work on site, it is difficult to find a person who can additionally take up phone calls
with postoperative patients [37].

Therefore, this is where artificial intelligence can find its application and has the
potential to develop. The information collected by the system is entered into databases, so
clinicians always have access to it and can use it when there is time and when it is needed.
Admittedly, the method described is not routinely used in postoperative care at this point, but
it has demonstrated high effectiveness, and there is a chance for it to be gradually introduced

into medicine [37].
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Surgeons' role in ai development

Machine learning is beginning to play a large role in more and more areas of human life
including medicine and surgery.

Humans are not able to process and remember as much data as computers, so it is natural
that with the introduction of algorithms capable of interpreting such large amounts of data, the
computer will become an increasingly important and necessary member of the operating team.

Many researchers developing the aforementioned programs or machines are announcing
further work to improve these projects, while others are trying to discover new ones. However,
this does not mean that the computer will completely replace man. It should be remembered
that it is still the man who is the reference on the basis of which all programs and Al in medicine
learn. It is the doctor's diagnosis that is referred to as the zero points, the absolute truth on the
basis of which computers interpret the given data. It should also be emphasized here how
important the role of doctors and surgeons is in the development of Al. Without their results,
a computer would be deprived of a database on which it could learn. Therefore, the
responsibility for the development of artificial intelligence technology does not rest only on the
shoulders of computer scientists but also to a great extent on doctors.

It is difficult to predict the future of surgery, yet what is certain is that machines and

artificial intelligence will play an increasingly important role in it.

Limitations

Limitations to the development and use of Al can be divided into three main categories:
technical, ethical, and legal.

Technical limitations are caused by always insufficient data. In other words, there is
never enough data that could not improve the quality of the model is created. For this reason,
some "tricks" are used, which can multiply the amount of initial material/size of the initial
dataset for learning [38]. Length of teaching also affects the final effect on the effectiveness of
Al. Teaching too long (and other reasons) can also be detrimental (“overfitting”), likewise
"underfitting” the model by learning too short ("underfitting™) [39].

One might also suspect that current methods for creating and developing Al methods
are not implicitly optimal. It is often necessary to use statistical methods to verify Al activities
[40].
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Another problem is that in some types of Al (e.g. ANN) there are so-called 'hidden
layers', through which it is unknown how such a system of 'neurons' works. This situation in
ANNs is referred to as a 'black box' because the system learns on its own, and there is no formal
theory to increase the reliability of the model [41]. Furthermore, the conclusions drawn by the
model are sometimes difficult to interpret [42].

Artificial intelligence can largely be described as very specialized software. By this
characteristic, it is susceptible to hacking or intentional input of incorrect data. Such situations
should be taken into account both in software development and in legislation and procedures
for regular testing and evaluation of system functions. Ensuring the highest levels of security is
extremely important, as Al takes care of human life and health and is potentially extremely
vulnerable to attacks by hacking or terrorist groups [43].

Bringing Al software (and possible mechanisms for its use) to the health market is costly
and must proceed through procedures before the medical agencies that authorize the technology
(e.g., FDA, EMA, Office for Registration of Medicinal Products). The expenses incurred
globally by 2024 could reach $110 billion [44].

In addition, the digital revolution, of which the use of Al is a large part, certainly
requires social change, which can be very challenging [45].

Ethical constraints are also an extremely broad issue - in 2019 the Institute for Ethics in
Artificial Intelligence in Munich, Germany, was established. In this work, we will consider the
division of ethical problems into those that are potential and those that we already face.

Potential constraints include, for example, the gaining of consciousness by Al and the
implications of this - should Al have the right to self-determination? As Al becomes more
autonomous, it may become independent in ways that are not controlled by humans, potentially
posing a threat.

As the use of Al increases, so will its impact on our lives. This means that entire
societies may become dependent on its services and increased efficiency, causing potential
social problems. Also, it is important to secure against its potential failure or error, so they must
be taken into account and legally regulated, as further described below.

We also now already have ethical problems with Al, which relate to areas such as
downsizing in jobs with repetitive activities, or the unethical use of Al, for hacking, terrorism,
or spying, for example.

One reason Al is being introduced is to reduce the possibility of a surgeon making

a mistake, but no system is 100% infallible. It is possible to predict that Al will make a mistake,
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so one should prepare for such a situation: should the Al performing the surgery then activate
a safety procedure, which may involve focusing on the patient's basic vital functions or handing
over control to the surgeon? In the case of postoperative complications and possible claims by
the injured, legal standards should be established: who is responsible for failures, in what cases,
and to what extent. Currently, the law does not regulate this issue, but it is proposed that each
situation should be evaluated individually [46].

In summary, the legal regulations should include the principles of allowing Al for use
in medicine (including surgery), including the identification of the institution authorized to
approve its use and determine its parameters, the principles of applicability, as well as persons
responsible for its use, and monitoring of abnormalities in its operation (in the case of negative
performance).

Legal regulations should also address the responsibility for inappropriate use of Al by
medical personnel, inappropriate source of purchase (compliance with the requirements for
approval for the use), appropriate service, principles of physician intervention in the event of
Al malfunction - as well as notification of intervention based on the best medical knowledge.

Currently, in Polish law, there is no defined concept of artificial intelligence, although
it appears several times [47,48].

On the other hand, the European Parliament is working on a package of legislation on
opportunities and threats related to the development of artificial intelligence [49], but already
on February 19, 2020. European Commission published "White Paper on Artificial Intelligence
A European approach to excellence and trust” [50]. It describes the EU's approach to Al
development. Although it is not a legal act, it sets the direction for future changes in law.
Also in Poland, the importance of Al issues is beginning to be recognized. The "Policy for the
development of artificial intelligence in Poland from 2020" has been established [51].

There are concepts of creating a third legal personality - an electronic person (in addition
to a natural person and a legal person). In connection with this concept, further doubts arise
about the responsibility for potential errors, especially in cases where they would be caused by
the actions of third parties (in particular, hackers) [52].

A major technical-ethical problem may become that Al often learns by generalizing.
This leads to the fact that if the data is homogeneous with respect to some trait (e.g., race or
gender), Al will be better at predicting those traits that it has had the opportunity to learn better.
Such an error, associated with the heterogeneity of the input data in terms of, for example,

people’'s race, is called bias (in this case: race bias). At the same time, artificial intelligence can
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also potentially reduce racism and other types of discrimination (e.g., based on gender) [53].
In general, it can be said that data can be tendentious, and therefore, the program will also learn
to interpret it in a biased way.

It is now proposed that to mitigate any risks associated with expanding the role of Al in
our lives, we should apply the four basic principles of its development: transparency,
explainability, inclusiveness, and alignment [54] and universal basic principles, similar to Isaac

Asimov's laws of robots.

Opportunities

Introduction of artificial intelligence to medicine, but also to other areas of life has the
potential to become a revolution on par with the industrial revolution or the introduction of the
Internet. It is expected to significantly increase productivity, reduce adverse effects and
consequently improve patient care, especially prevention. Artificial intelligence is expected to
be a key element related to the EU recovery plan after COVID-19 [49]. The indirect economic
impact of artificial intelligence through work automation could account for up to €12 000
billion per year [49] and account for $100 billion per year in savings in US health- care system
[55].

Summary

Artificial intelligence will play an increasingly important role in surgery and the whole
of medicine. Its use may manifest itself in predicting diseases, risk of complications, and
chances of completing procedures successfully, and even performing surgical procedures such
as suturing or excision on its own. All this will improve the availability and effectiveness of
surgical care for the patient, allow more optimal management of resources and increase the
therapeutic success rate. Despite the great hopes placed on artificial intelligence, there are also
a number of concerns about radically changing the situation in the world. It is precisely because
of the anxiety and the unknown potential consequences of the introduction of Al; there are
regulatory restrictions that will have to be imposed on its development.

In the development of Al in medical fields and especially in surgery, it will be necessary
to have specialists in artificial intelligence, data-science but also high-class doctors, surgeons

on whose experience the programs can develop.
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Abbreviation list
e AGEs - Advanced Glycation End-products
e CTR - Capsular Tension Ring
e ECCE - Extracapsular Cataract Extraction
e FBLNS5 gene - Fibulin-5 precursor
e 0L - Intraocular Lens
e |OP - Intraocular Pressure
e |0OP - Intraocular Pressure
e LOXL1 - Lysyl Oxidase-Like 1
e OAG - Open-Angle Glaucoma
e OVD - Ophthalmic Viscosurgical Device
e PEG - Pseudoexfoliation Glaucoma
e PEX, PXF - Pseudoexfoliation syndrome
e POAG - Primary OAG
e PXM - Pseudoexfoliative material
e ROS - Reactive Oxygen Species
e SOAG - Secondary Open-Angle Glaucoma

e UBM - Ultrasound Biomicroscopy

Introduction

Pseudoexfoliation syndrome (PEX, PXF) is an elastosis — the degenerative disease that
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manifests itself by an accumulation of excessive fibrillar material in the extracellular matrix.
John G. Lindberg was the first to describe that illness in 1917 [1]. The exfoliative material may
be present in various organs, such as the heart, lungs, vessels, gallbladder, kidneys, liver,
urinary bladder, and meninges. Clinically, ocular manifestation is the most significant as well
as the most conspicuous one. As concerns eye tissue, the anterior lens capsule, trabecular
meshwork, ciliary body, ciliary zonule, iris, anterior hyaloid membrane, cornea, conjunctiva
are the sites of accumulation [2,3]. It is acknowledged that the occurrence of PEX increases the
risk of intra- and postoperative complications of cataract surgery. Taking patients referred for
lens replacement surgery into account, the prevalence of coexisting PXF differs in certain
populations, e.g. 40,9% Somali, 39,3% Ethiopia, 27,9% Greece, 21% Poland, 11% Turkey

[4,5,6,7,8]. Notwithstanding, the risk of both mentioned disease entities increases with age.

Pathogenesis

Pathogenesis of PEX is based on abnormal and excessive cross-linking of elastic
microfibrils into fibrillar exfoliative aggregates and impaired defensive functions against free
radical damage [9]. Alike to the other age-related, degenerative diseases — oxidative stress and
glycation are the processes of great importance in PXF pathogenesis. As a result, the correct
conformation of macromolecules is impaired leading to their aggregation in the extracellular
matrix. Concerning glycation, high AGEs (Advanced Glycation End-products) levels were
found in patients with PEX [10]. Hence, diabetes mellitus may suggest a probability of
exfoliative material formation. As regards oxidative stress, this process evolves in case of
imbalance between the production of ROS (Reactive Oxygen Species) and antioxidants
formation or their activity. Suggestively reduced levels of antioxidants, e.g. glutathione and
ascorbic acid are noticed in patients with PEX [11]. In opposition, higher amounts of ROS were
indicated [12].

Accumulated toxic free radicals damage lipids in the peroxidation process, which
results in destabilization of cell membranes and may eventually end up with lysis. If proteins
are affected, these cannot fulfill their enzymatic or structural function.Moreover, oxidative
stress is an inducer of inflammatory response. Thus, inflammation in the anterior segment
tissues is observed at the early stages of PEX development [13]. The thesis was additionally
confirmed by proving elevated serum levels of YKL-40—-a marker of inflammation —in

aqueous humor and serum of cataract patients with PEX [14,15]. An exact function of YKL-40
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in pathomechanism has not been understood yet, but discovering that would facilitate the

preparation of prophylaxis and therapy.

Predisposing factors

Numerous factors may predispose to PEX buildout. Among them genetic factors are
crucial. LOXL1 (Lysyl Oxidase-Like 1) polymorphism is significant a risk factor, which has
been proven by many authors [16,17,18,19].

This gene encodes an enzyme that is involved in polymerizing tropoelastin monomers
into elastin polymers as well as collagen cross-linking. Mainly two altered alleles are
responsible for PXF development and those are present in a large proportion of the normal
population, in some ethnic groups. Thus, the prevalence ofPEX varies in certain populations
[20]. Furthermore, the mutation in FBLN5 gene has recently been identified as a risk factor
[21]. Its protein product — fibulin-5 plays a crucial rolein the activation of LOXL1 enzyme. M.
Papadopoulou et al. suggest that decreased expression of COX-2 gene may also predispose to
PEX development [22]. Although, further research on this subject is required to confirm that
hypothesis.

Other non-genetic PEX risk factors include age, female gender, disproportionately high
exposure to ultraviolet rays, autoimmune diseases, history of trauma, and viral infections.
Interestingly, disproportionately high exposure to ultraviolet rays, e.g. in higher latitudes or
specific geographic areas can also accelerate pseudoexfoliative material formation [12,23,24].

Morphology

A variety of terms describing the morphology of pseudoexfoliative material has arisen
throughout the years. Authors characterize it as ‘amyloid-like’ or *dandruff-like’, greyish
matter. Compared to non-PEX patients, those affected by that degenerative disease manifest a
reduced corneal cell density as well as decreased corneal sensitivity. There is evidence that
decreased corneal sensitivity is caused by an abnormality of subbasal nerve fibers. Furthermore,
eyes affected by PXF have a relatively shallow anterior chamber and reduced angle openness
during light-induced pupil constriction [25].

Clinical symptoms
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Lens

Lens affected by the pseudoexfoliation syndrome (PEX) has three different zones,
whichcould be differentiated based on the amount of whitish pseudoexfoliative material (PXM)
accumulated on its surface. The most common pattern consists of a central zone, a disk- shaped
area, that is usually the size of the pupil, material accumulated is homogenous. The intermediate
zone is clear and located between the central and peripheral zones. This zone is clear,with no
PXM deposited, as a result of rubbing of the iris over the lens surface. Rubbing is observed
during pupillary movement. Peripheral, granular, and the often layered zone is a place of
increased accumulation of the pseudoexfoliative material [3,26]. The central zone is variable

and might be absent, the intermediate and peripheral zones are always present [3].

Iris

The most common clinical feature regarding the iris is the accumulation of the PXM at
the pupillary border. Sphincter atrophy causes the formation of cavities that are resembling
moth bites. The loss of the iris pigment, deposition of the PXM by the anterior segment are
reflected in the iris sphincter resulting in the transillumination effect [27].

The dispersed pigment is lining itself in the spiral form at the pupillary sphincter and
has aless regular pattern at the iris circumference [27].

The vascular abnormalities are also characteristic in PEX. The blood vessels are often
narrowed and may become obliterated, their walls can become completely degenerated in the
advanced stages of PEX. Small hemorrhages inside of the iris can also be observed as a result

of the pharmacological mydriasis [26].

Cornea

On the endothelial surface of the cornea, there could be deposited PXM in the form of
flakes. The pigment aggregation on the cornea may result in disseminated and aspecific
pigmentationon the central corneal endothelium, infrequently resembling the shape of the
Krukenberg’s spindle. More often, the pigment deposits itself on the Schwalbe’s line as one or
many wave- shaped pigmented lines in the outer cornea anterior to the Schwalbe’s line [3,27].

The corneal endothelial cells are morphologically changed, their number is reduced, and
are prone to decompensation [27]. The central corneal thickness is increased in the eyes affected

by the PEX, which might be a sign of early corneal dysfunction [26,28].
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Ciliary body and the Zinn nodules

PXM is dispersed and as a result might accumulate on the zonules, weakening them
[26]. This weakening causes instability of the whole zonular apparatus alongside the ciliary
body andthe lens. This might cause trembling, subluxation, or even lens displacement. It is
particularly dangerous during cataract operations, as it might result in the tearing of the ciliary

rim withthe vitreous body passage [27].

Systemic disorders accompanying PEX

PEX was primarily identified as a disorder affecting especially the anterior segment of
the eyesince first described by Lindeberg [1]. This was believed as the PXM accumulated in
the eye can be easily detected - in the patients with the typical PEX. The suspicion that PEX
might not only be an ocular phenomenon, was raised when a patient was showing the signs of
pigment abnormalities, but without clinical PEX symptoms - these patients are called “PEX
suspects” [29]. Research has provided evidence that the PXM might be deposited in the
posterior wall of the ciliary artery [30], in the biopsy of skin [31], and various extraocular
tissues [32]. These depositions were found in patients affected by PEX, with and without
affected eyes. These findings indicated a possibility that PEX might be a systemic disorder [29].
In the study by Ursula M. Schlétzer-Schrehardt et al a case of classic bilateral PEX with
a systemic distribution of PXM affecting various organ systems is described. During the
autopsy of skin, lungs, heart, kidney, liver, and cerebral meninges, with the use of transmission
electron microscopy, typical pseudoexfoliation fibers were identified [33]. The fibers of PXM
were mainly found in the connective tissue (CT) components - fibroblasts,collagen, and elastic
fibers. This information provides data for the systemic nature of PEX, which involves the CT

metabolism throughout the body [29].

Complications - glaucoma with PEX

PXM can be observed mostly at the cornea (Kukenber’s spindle, Schwalbe’s line),
pupillary margin, and on the anterior lens surface. Accumulation of the PXM is also present on
the zonular apparatus. PEX is known as one of the most common causes of secondary open-
angleglaucoma (SOAG), due to the abnormal accumulation of the PXM in the drainage system
of the eye [34]. Blockage of the draining system ( mainly the trabecular system and Schlemm’s
canal) prevents the physiological circulation of the vitreous humor, as a result, causes rapid

fluctuations of the intraocular pressure (IOP) [35].

51



Cataract in Pseudoexfoliation Syndrome

PEX is currently known as the most common cause of open-angle glaucoma (OAG)
[26]. Pseudoexfoliation glaucoma (PEG) is characterised by a rapid increase in the IOP and the
differences might be enormous. This kind of increase of IOP is particularly dangerous for
a patient, as the high-pressure differences are more damaging to the optic nerve disc, rather than
increased but stable IOP. 10P in PEG is usually higher than the 10P in the OAG. It also shows
high daily fluctuations and a decreased susceptibility to maintenance treatment [35,36]. PEG
is now considered to be more dynamic and severe compared to primary OAG (POAG) [26].

High 10P is determined by the blockage of the trabecular meshwork is caused by the
pigment pieces produced by the iris during the myiardasis as well as by the PXM. During this
accumulation, there are structural changes in the trabecular meshwork and the canal of
Schlemm, such as a complete blockage of the canal and a pressure increase in the veins
responsible for the aqueous humor drainage [35].

The most common treatment for this kind of glaucoma is a pharmacological lowering
of the IOP, when this is not sufficient an operation must be conducted. When the IOP is
stabilised, there are still some dysfunctions that might occur like elastotic degeneration of the
cribriform plate and the extraocular vessels (for example short posterior ciliary arteries). These
dysfunctions increase the sensitivity of the optic nerve for damage and degradation [35,37].

Preoperative diagnostics of PEX-related cataract

Diagnosis of pseudoexfoliation syndrome is primarily based on the examination of the
eye with a slit lamp. This study, preceded by a pharmacological extension of the pupil, is
a sensitive and specific method to make a diagnosis at an early stage of the development of the
disease. The diagnosis is based on the presence of typical gray-white petals on the edge of the
pupil and fibrous deposits above the anterior lens bag, located mainly in the area of the pupil
hole, often separated from peripheral residues by a clean zone [38]. The peripheral band has
a granular structure, a sharply delimited medial border, and numerous radial indentations [27]
In case of an advanced cataract, with a dim red glare, the diagnosis of PEX syndrome may be
difficult because the grey-white petals do not contrast with the color of the lens affected by
the disease [38].

PEX syndrome is a systemic disease of the extracellular matrix so it affects all structures
of the anterior segment of the eye, which is associated with a more frequent

occurrence of perioperative and postoperative complications. The production and deposition of
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pseudoexfoliative material lead to characteristic changes in the corneal endothelium, trabecular
meshwork, iris, lens, ciliary body, zonules and the structures of the blood-aqueous barrier [39].
The most important risk factors are zonular instability and poor pupil dilation. These two
clinical manifestations of PEX syndrome are believed to be the most important causes of
increased risk of lens bag rupture and vitreous loss during cataract surgery [39].

An important step in the preoperative examination of the patient is the assessment of
signs of increased zonular weakness. Exfoliation material on the appendages and ligaments of
the ciliary body can be detected by high-resolution ultrasound biomicroscopy (UBM). During
the examination a thickening of the anterior lens bag and of the fibrous strands of the ciliary
zonule as well as exfoliation material on their surface can be observed [40]. This condition can
lead to the tremor of the lens, its subluxation or displacement, to the reduction of the depth of
the anterior chamber due to the forward displacement of the lens and finally, to the formation
of closed- angle glaucoma due to the pupil and ciliary blockade [39]. It may also entail the risk
of detachment of the ciliary zonule with the vitreous body loss during cataract surgery [38,40].
The incidence of lens tremor and/or subluxation in the eyes with pseudoexfoliation syndrome
ranges from 8. 4% to 10. 6% [39]. The rate of postoperative complications is higher in the
eyes with PEX with preoperative and/ or intraoperative signs of zonular weakness undergoing
phacoemulsification. It should also be noted that the degree of advancement of changes is
primarily correlated with the age of the patient, not necessarily with the amount of
pseudoexfoliation material [38].

In the majority of patients with PEX syndrome, poor pupil dilatation can be expected
due to infiltration of the iris stroma with the accompanying excessive exfoliation of the
extracellular matrix causing mechanical blockage during pupil dilation. The adhesion of the
exfoliating material to the pigment epithelium of the iris and the anterior lens bag results in
a mechanical restriction of pupil movements [39]. Also the presence of posterior adhesions can
cause a reduced response to mydriatics. Before the surgery, it is necessary to assess the degree
of maximum pupil dilatation. This makes it possible to take appropriate measures, among which
can be distinguished preoperative use of non-steroidal anti-inflammatory drugs, which can help
in maintain the maximum extension of pupils during the procedure [38]. It should also benoted
that due to sphincter fibrosis, it is recommended to avoid excessive pupil dilation, as it often
remains dilated, which predisposes it to pupillary capture [38].

Specular microscopy studies have shown that in patients with PEX, the number

of endothelialcells of the cornea is 5-9% lower compared to patients without pseudoexfoliation
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syndrome [38,41]. In addition, the morphology of cells also changes. Endotheliopathy in PEX
syndrome can result both from the accumulation of exfoliation material between the
endothelial cellsand the Descemet membrane, as well as from increased intraocular pressure
caused by the blood-aqueous barrier breakdown. Changes in the density and morphology of
corneal endothelial cells may be responsible for an increased risk of corneal decompensation
after the surgery [38].

Another preoperative problem in pseudoexfoliation syndrome is increased intraocular
pressure. PEX is also the most common cause of secondary glaucoma [38]. Patients are more
likely to experience an increased intraocular pressure immediately after surgery. For this
reason, all viscoelastic material must be carefully removed from the eye during surgery. Patients
with extensive visual field loss or severe glaucomatous atrophy of the optic nerve should have
tonometry performed 4-6 hours after surgery and sharp increases in intraocular pressure should
be treated promptly [39]. In glaucomatous patients, the combined phacoemulsification and
trabeculectomy surgery reduces the risk of acute postoperative intraocular pressure increase
and has a positive effect on the long-term maintenance of normallOP [39]. In addition, cataract
surgery is likely to protect the eye against the development of glaucoma [38,42].

The table above shows preoperative risk factors, perioperative and postoperative
complications associated with PEX syndrome in patients undergoing phacoemulsification
procedure [38,39,43].

Preoperative risk factors Intraoperative Postoperative complications
complications

Narrow pupil, insufficiently | Iris damage Implanted lens dislocation

responsive to mydriatics

Weak zonular fibers Posterior capsule rupture | Posterior synechiae

Posterior capsule fragility Capsular bag dislocation | Acute intraocular pressure
rise

Pupillary synechiae Vitreous loss Posterior lens capsule
opacifiaction

Vitreous prolapse Posterior capsule rupture

Secondary open angle Fibrinous uveitis

glaucoma

Shallow anterior chamber Endothelial decompensation
Descemet’s membrane
detachment

Cystoid macular edema
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Cataract phacoemulsification

Phacoemulsification is a method of surgical treatment of the cataract using ultrasound
waves. The previously commonly used ECCE method (extracapsular cataract extraction)
differs inthe size of the incision and, above all, in the method of removal of the nucleus [44].
In the ECCE method, the opaque nucleus was removed to the outside with a loop and
hook orpushed out under pressure on the eyeball [40,44].

In the phacoemulsification method, the opaque nucleus is broken using ultrasounds
and then removed with special tools introducedby an incision on the cornea with a width of
2.8-3mm [40,44].

This method was developed in 1967 by Charles David Kelman. At first, this method
was associated with a high percentage ofperioperative complications, but with the introduction
of improved, modern technologies and tools it became the most commonly performed method
of cataract surgery [40].

The procedure begins with an incision of the cornea with a width of 2. 8-3mm. Then
a viscoelastic substance is administered into the anterior chamber (to maintain the ventricle and
protect the corneal endothelium), a continuous circular capsulorhexis (incision of the anterior
lens bag), hydrodissection (that is, separation of the peripheral part of the cortex from the
capsule by injection of fluid under it) and hydrodelineation (injection of fluid into the nucleus).
Then, with the help of ultrasound, the nucleus of the lens is broken (phacoemulsification),
successively followed by irrigation and aspiration of cortical masses, implantation of the lens,
careful rinsing of the viscoelastic substance, administration of an antibiotic into the anterior
chamber, and finally sealing the corneal incisions (the wound healsitself, does not require the
application of stitches) [27,44].

Phacoemulsification tools maintain the balance of fluid flow in the eye during the
procedure when ultrasound and vacuum are used. This is extremely important for the safety of
surgery due to the small volume of the anterior and posterior chambers of the eye. The inflow
and outflow of iris fluid must be controlled to avoid an increase in intraocular pressure. The
liquidis removed through the emulsifier tip by a vacuum pump. The head of the device, on the
otherhand, provides energy to break down the opaque nucleus. It should be noted that the
use of ultrasound has a negative effect on the corneal endothelium and therefore, it is
recommended to use the lowest effective amount of energy [40].

This effect can be achieved both by reducing the duration of ultrasound on eye tissues,
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and byusing pulsation mode, rather than continuous mode. The technique of the procedure is
also important. Currently, two techniques are used — Shepherd's four quadrants technique [40]
and chop technique. The technique of 4-quadrants consists of gouging two perpendicular
linesinto the shape of a cross, and then breaking the nucleus into four parts [40].

Chop technique is based on dividing nucleus using a special hook (chopper) to fragment

it into smaller pieces and remove them using ultrasound.

Cataract phacoemulsification in patients with pseudoexfoliation syndrome -

difficulties and technique

Many studies have shown that phacoemulsification in PEX patients is safer than
extracapsularcataract extraction and is therefore the technique of choice [39].

Cataract surgery in the presence of pseudoexfoliation syndrome is undoubtedly a special
challenge for the operator. The incidence of intraoperative and postoperative complications
such as zonular dialysis, rupture of the lens capsule, vitreous loss, and intraocular lens (10L)
decentration is significantly higher in patients with this syndrome. However, the complication
rate can be reduced by carefully examining the patient before qualifying for the procedure,
using a precise surgical technique with extreme caution and a longer postoperative follow-up
period [39,43].

The basic difficulties faced by the surgeon are a narrow pupil, insufficiently responsive
to mydriatics, an unstable ligamentous apparatus, and a fragile posterior lens capsule [40]. The
frequent occurrence of a dense lens nucleus in PEX patients may also be a problem because

this situation will require the use of more ultrasound energy [43].

Narrow pupil, insufficiently responsive to mydriatics

Cataract surgery on the eye with a narrow pupil is demanding for the operator. However,
it should be borne in mind that excessive stretching of the pupil may lead to microcracks,
increased postoperative inflammation, and even damage to the sphincter muscle, which may
result in permanent pupil dilatation. Therefore, such activities should be avoided. In most cases,
pupil stretching is not necessary, but if pupil diameter does not exceed 4-4.5mm, it maybe
necessary. Mydriasis can be improved by the use of non-steroidal anti-inflammatory drugs
(NSAIDSs) in the eye drops [38,39]. Then, during the procedure, a mixture of 1% lidocaine
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with adrenaline diluted in a ratio of 1/100000 is administered into the anterior chamber. During
rupture of the anterior lens capsule (capsulorhexis), the appropriate pupil diameter is obtained
by using a highly cohesive viscoelastic substance. The procedure is performed using an
ophthalmic viscosurgical device (OVD) or a combination of two such instruments with
different rheological properties — dispersive and coherent [38].

First, the dispersion substance is administered first to cover the corneal endothelium,
and thencohesive viscoelastic is centrally injected to deepen the anterior chamber, flatten the
anterior lens capsule, and achieve adequate pupil dilation to facilitate the anterior lens capsule
tearing procedure. The operator should be careful not to over-inflate the anterior chamber and
damage the ligamentous apparatus [38]. If posterior synechiae are present, they should be
released using capsulorhexis forceps [39] or a blunt spatula [38] before proceeding. Iris
retractors can also be used to stretch narrow pupils, but only in situations where they are
necessary for a safe procedure [40].

There is also a device such as a pupil dilator ring (for example Malyguin's ring) the
advantage of which is that it contributes less to iris injury. It is relatively easy to apply, protects
the sphincter muscle from damage, and after its removal, the pupil returns to its normal size
[39].

Instability of the ligamentous apparatus

Complications during the procedure of phacoemulsification in patients with PEX
syndrome are mainly due to the phenomenon of instability, weakness of the ligament apparatus.
The degree of the problem the operator can assess with the start of capsulorhexis. The first sign
of reduced tension of the anterior lens capsule is difficulties with its puncture. In case of severe
weakening of ligaments, the lens capsule may rupture due to the lack of forces counteracting
the pulling of forceps to capsulorhexis leading to too small capsulotomy formation. In such
a situation, a technique using a hook can be performed. A hook is placed to catch the already
torn anterior lens capsule while continuing capsulorhexis with the forceps. The optimal would
be to achieve 5-6 millimeter, continuous, central capsulorhexis [38].

To support the lens capsule during all stages of phacoemulsification, it may be helpful
to use acapsular tension ring (CTR). Depending on the weakening of the ciliary zonule or the
rupture of the ligament apparatus, the operator may decide to place the ring before or after
phacoemulsification of the nucleus and before irrigation-aspiration of the lens cortex [39]. The

device allows the lens bag to be evenly stretched and the rupture/stretching areas of the ciliary
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zonule elements can be supported by redistributing ligament tension around the capsule. The
result is optimal centering of the intraocular lens (IOL). Reports show that the use of the ring
during the procedure reduces intraoperative complications in the eyes with PEX syndrome. In
cases of milder zonulopathy, the use of CTR may be sufficient to perform manoeuvres safely
during the operation and to keep the IOL in the capsule.In more advanced states of weakening
of the ligamentous apparatus, the use of CTR alone may not be sufficient to protect the eye
against complications such as postoperative lens dislocation. In such situations, the use of lens
capsule retractors is recommended when performing hydrodissection and phacoemulsification,
followed by implantation and suturing of a modified CTR to ensure the stability of the
intraocular lens capsule complex [38,39].

Studies on the safety and efficacy of capsule tension ring implantation in combination
with phacoemulsification and intraocular lens implantation in patients with PEX syndrome
inpatients who have undergone trabeculectomy surgery have shown that, indeed, correct use of
CTR in this situation may have beneficial implications. First of all, decentration of theimplanted
intraocular lens is prevented and perioperative complications are reduced [45].

Studies have also shown that implantation of the capsular tension ring in patients with
PEX- related cataracts without large zonulysis has no statistically significant effect on the
predicted refraction and changes in the depth of the anterior chamber after phacoemulsification.
The predicted refractive error has a shift towards hyperopia in both patients with and without

the ring implanted [46].

The technique of cataract phacoemulsification in patients with PEX syndrome

The technique of cataract surgery associated with pseudoexfoliation syndrome does not
differ significantly from that used routinely in patients without PEX. The stop and chop
technique isused because it allows the least possible stress on the ligamentous apparatus, and
also limits the surgical maneuvers to the center of the anterior chamber, avoiding the capsule
equator andthe pupil [38].

The corneal cut should be slightly larger than during routine surgery as this will
facilitate the outflow of the viscoelastic substance and iris fluid from the anterior chamber of
the eye, andas a result, will ensure optimal regulation of the pressure exerted on the
ligamentous structures and the lens [39].

Capsulorhexis should be performed in such a way that the pressure applied on the

anterior capsule is as low as possible. A sharp tool should be used for the initial perforation
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because the weakening of the ligamentous apparatus is associated with less stress on the anterior
capsule, which makes it difficult to puncture it. If necessary, counterpressure can be exerted
with a needle or chopper. Capsulorhexis should be performed within the outer limits of the
pseudoexfoliation ring. Its size matters a lot. A diameter that is too small may place additional
stress on the ligamentous apparatus [39]. The optimal diameter of capsulorhexis shouldoscillate
around 5.5 mm, which means it should be wider than in the eyes without the
pseudoexfoliation syndrome [39,40]. As a result, in the future, there will be no shrinking of the
capsule. Otherwise, shrinkage forces could lead to it moving into the vitreous chamber [40].

Hydrodissection and hydrodelineation should be carried out carefully so that the
pressure exerted on the ligamentous apparatus and the lens is as low as possible. The injection
of the irrigation fluid must not be too intense/aggressive as it may aggravate the weakening of
the ligaments. Anterior chamber overfilling should also be avoided [39]. The use of a high-
density or dispersive viscoelastic substance may result in a capsular block, which may rupture
the posterior capsule and displace fragments of it into the vitreous chamber [40]. Lens nucleus
phacoemulsification should also be performed with caution. In patients with PEX, the presence
of a dense lens nucleus may be problematic, which will require the use of more ultrasound
energy [43].

Aspiration of cortical masses is a critical moment in the procedure because the pressure
exerted on the zonule of Zinn is the greatest then. The procedure should be performed by tearing
off the masses tangentially, avoiding at the same time centripetal movements, which involve
putting pressure on the ciliary zonule and the posterior capsule [39]. According to some authors,
gentle centripetal flexion may, however, help in the thorough removal of the cortex [38]. In
cases where the cortical masses adhere too tightly to the capsule, implantation of an intraocular
lens before their aspiration may stabilize the ligamentous apparatus [40]. As mentioned above,
implantation of a capsule tension ring (CTR) is a good option. Its presence, however, has
a controversial effect on the one hand, facilitating the detachment of the cortex from the capsule,
and on the other hand, hindering its aspiration when residual masses are trapped behind the
device [38,39]. Abundant and repeated hydration of the cortex can help soften it, enabling
effective aspiration [38].

The prolapse of the vitreous body due to a ligamentous defect can occur both before and
during surgery. Limited anterior vitrectomy and tamponade using a cohesive ophthalmic
viscosurgical device (OVD) can support cataract phacoemulsification and cortical mass

aspiration. By filling the anterior chamber with a cohesive viscoelastic substance before
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removing the instruments from the eye, it prevents collapsing [38].

Selection of an implanted intraocular lens (I10L)

The choice of an intraocular lens is important for eyes with pseudoexfoliation
syndrome andis related to the assessment of the condition and future risk of capsular instability.
In the case of a weak ligament apparatus, the surgeon may implant a one-piece or three-piece
acrylic lensafter implanting the capsular tension ring. The one-piece 10L requires less surgical
manipulation that could damage the capsule or ligaments, so some authors consider it as
a product of choice for patients with PEX [38]. According to other authors, implantation of
a three-part lens is an equally safe procedure, and at the same time, it may prove to be a better
option because the elastic nature of its elements provides tension supporting the maintenance
of smaller areas of rupture of the ligamentous apparatus without introducing an additional
capsular tension ring [39].

Studies have shown that the use of modified posterior chamber lenses with the heparin-
coatedsurface is associated with a lower number of postoperative fibrinoid reactions, a rarer
appearance of pigment or cell deposits on the lens, and a lower incidence of posteriorsynechiae
compared to other artificial intraocular lenses [39].

Due to the risk of capsular contraction and lens decentration, toric 10Ls, as well
as multifocal 10Ls may contribute to an unsatisfactory early or late postoperative visual
assessment [38]. The use of silicone, flexible lenses should also be avoided because they may
contribute to the development of capsular contraction syndrome [39]. Disadvantageous effects
are also obtainedafter implantation of lenses placed in the sulcus due to the risk of their
decentration and posterior dislocation. Angle-supported anterior ventricular lenses shouldn’t be
used as well, especially in eyes with glaucoma or corneal endothelial cell abnormalities [38,39].

In case of severe ligament instability and vitreous loss, an alternative option may be to

use a sclera or iris-attached lens [39].

Postoperative management

After cataract phacoemulsification, control of intraocular pressure (IOP) is extremely
important in patients with PEX. The administration of acetazolamide immediately after surgery
and the use of local anti-glaucoma drugs in the postoperative period prevent spikes
in intraocular pressure and enable its effective control. In addition, topical application of

non- steroidal anti-inflammatory drugs and glucocorticosteroids is important as it prevents
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inflammation from developing [38,39]. In the postoperative period, patients should also be
monitored for possible complications such as displacement of the intraocular lens,

development of glaucoma, or IOL luxation [38].

Postoperative complications

Due to the specificity of their disease and the related perioperative difficulties, patients
with PEX syndrome are at risk of more frequent complications after phacoemulsification
surgery [38].

The most common postoperative complications include increases in intraocular
pressure,displacement of the implanted lens, and anterior chamber inflammation. In addition,
long and difficult surgery is often associated with severe uveitis, which can lead to posterior
adhesions,capsular contraction, and cystic macular edema [24,38].

Patients with PEX often have a reduced number of endothelial cells which could lead
to corneal decompensation. Moreover, cataract surgery in these patients is longer and more
complicated, often requiring manipulation on the iris and on the intraocular lens, which also
predisposes to the occurrence of this postoperative complication [24,38].

Finally, anterior capsular phimosis and posterior capsular opacification are also

significantly more common in eyes with pseudoexfoliation syndrome [24,38].
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Introduction

The eyelids are one of the essential accessory organs of the eye. They are responsible for
the protection of the anterior eyeball surface from harmful factors [1].

The covering skin is considered to be the thinnest and most sensitive skin on the whole
body [2].

Skin malignancies are a significant challenge for contemporary dermatologists,

surgeons, oncologists, pathomorphologists, and ophthalmologists.

66



Mohs Micrographic Surgery as a way to a good quality
of life for nowadays ophthalmicpatients

The eyelid is a controversial location because of its proximity to a vital sensory organ-
the eye, as well as the central nervous system (CNS). Therefore, the treatment of the mentioned
malignant tumors in the first place mainly involves surgical treatment. The main goal considered
by specialists is to preserve the tumor-affected eyelid's functionality and aesthetics [3].

One of the innovative surgical methods is MOHS surgery, which was introduced already
in the 1930s [3]. Its innovator was surgeon Dr. Frederic E. Mohs [4]. This method wasbased on
the excision of the skin parts occupied by the neoplastic process, fixation with zinc chloride paste
(now frozen) in situ, and then excision of subsequent stages of the examined surgical margins
until complete removal of the tumor. The results of this novel technique wereencouraging, as
according to Dr. Mohs' study, 93% of nonmelanoma skin cancers, including many advanced
ones, were successfully cured [5]. The procedure brought many benefits ranging from sparing
nonmelanoma tissues nearby, ensuring the functionality and aesthetics of a given organ to the

potential possibility of curing previously untreatable cancers.

Epidemiology

It is estimated that 5-10 % of all malignant skin cancers and 15 % of facial cancers are

localized in the periocular [6].
Basal cell carcinoma (BCC) is the most common,while squamous cell carcinoma

(SCC), sebaceous gland carcinoma (SGC), malignant melanoma are less prevalent [7].

The prevalence varies by geographic region. For example, in the United States in
2017, the rate was about 16 cases per 100,000 inhabitants per year, while in Singapore, it was
about three times less- 5.1 per 100,000 per year. BBC accrues the largest percentage of all
malignancies localized on the eyelids: 85-95%, followed by SCC: 3.4-12.6%, SGC: 0.6-10.2%.
The smallest percentage is malignant melanoma and Merkel cell carcinoma accounting for less
than 1%. A higher incidence of SCC by more than 3.5 times was observedin men (2.4 per 100,000
inhabitants per year) [8].

Clinical aspect of eyelid malignancies

Both the patient and the specialist may be worried by a change in the shape of the eyelid

margin. The appearance of ulceration, induration, new color, or loss of tenderness/sensitivity of
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the tissue suggests beginning the diagnosis [1,7]. In many cases, loss of eyelashes, flesh-colored
or pink pearly papules, the presence of dilated small blood vessels,scar formation, non-healing
pustules, secondary ectropion as well as eyelid retraction are noted [7,9].

In most cases of eyelid malignancies, exposure to ultraviolet radiation (UV) is
a significant risk factor [8]. Other predisposing factors for malignant lesions include vitiligo,
chronic skin lesions, and genetic skin disorders such as xeroderma pigmentosum and
epidermodysplasia verruciformis [9]. The reported malignant eyelid lesions have a high risk of
recurrence and metastasis. The medial canthus of the eye is a particularly susceptible site for
deep neoplastic growth, which can be explained by the embryologic cleavage plane
occurring there, which is more easily penetrated by the cells [10]. Tumor invasion in the ocular
region is usually silent, which hinders rapid diagnostics. Furthermore, it exacerbates prognosis

because the area of tumor spread may also involve the intracranial region [7].

Diagnosis

Assessment of the nature of malignancy and the depth of neoplasm growth significantly
impacts the type of treatment and prognosis. The diagnosis of malignant eyelid lesions itself does
not pose significant problems nowadays. However, their further qualification as malignancy is
already a major challenge requiring the experience of a specialist as well as the ability to perform
accurate examinations. Malignant lesions may mimic benign ones and vice versa; this is the
case of, e.g., SGC resembling chalazion or cystic basal cell carcinoma (BCC) often mistaken for
hidrocystoma. A pigmented hidrocystoma may erroneously be considered a malignant melanoma
[7].

The standard classification of tumor staging is TNM (tumor, nodus, metastases). In the
case of tumors localized on the eyelids, the malignancy is determined based on anatomical
features of the ocular region. In melanomas, their origin and extent are determined and the TNM
scale for melanomas of the skin or conjunctiva is also used [3].

In most cases, an incisional biopsy is used at the outset to identify the type of eyelid
malignancy.

At this stage, it is very important for the specialist to properly collaborate withthe
pathologist and provide crucial information regarding the observed lesion and the patient's
history. A diagnostic exception is the management of a suspicious SGC. In this case, a biopsy

covering the entire thickness of the eyelid is recommended. These biopsy specimens should be
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immersed in a saline solution that allows Oil Red O and Sudan Black staining for lipids. In

addition, map biopsies are used in cases of doubtful intraepithelial spread of SGC [8].

Surgical treatment

The most popular treatment options for eyelid cancer include wide local excision (WLE)
and Mohs Micrographic Surgery (MMS). The choice of treatment technique depends on the
patient's age, tumor stage, location, size, presence of metastases, and patient history, among other
factors. For WLE, the margin is several mm depending on the type of cancer. Most specialists
specify 3-4 mm as the margin for BCC, 4-6 mm for SCC and SGC, lentigo maligna and
melanoma in situ 5-6 mm. For thin melanomas, this can be as much as 10 mmfor tumors with
a Breslow thickness of 2 mm or more [7]. When we are concerned with maximal protection of
healthy tissues in the neighborhood of tumor-lesioned cells, the possibility of subsequent eyelid
reconstruction, and minimizing the likelihood of recurrence, treatment using the MMS technique
is recommended. It is primarily recommended in cases ofperiocular nonmelanoma skin cancer
[11,12]. Any mistake made in the management can havevery adverse effects on the patient's
health and life. Therefore, the MMS technique is most commonly used to treat eyelid tumors.
Treatment with this technique belongs to one-day surgery without the need for general
anesthesia. The Mohs Appropriate Use Criteria (AUC) scale is used to determine the usefulness
of this technique based on location, characteristics ofthe tumor-affected tissue, and the patient
himself.

Locations where MMS is used, include the face, eyelids, eyebrows, nose, lips, chin,
ear, genitals, hands, feet, ankles, fingernails and nipples. It is also recommended for
immunologically deficient patients with genetic syndromes such as xeroderma pigmentosum,
who have had previous skin irradiation, have been diagnosed with high-risk cancers, and have
positive margins at the last excision. Aggressive histologic subtypes along with features such as
poorly differentiated cells or undifferentiated cells, in perivascular locations, with spindle cells
present, involving a Breslow depth of 2 mm or greater, Clark level IV or higher are particular
indications for this type of therapy [12].

Table 1 presents the Clark and Breslow classification and risk for metastasis [13,14, 15].

Depending on the diagnosis, treatment options such as cryotherapy, photodynamic

therapy, electrical resection, radiation therapy, local or systemic chemotherapy and immuno-
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therapy are also used for therapeutic purposes [3].

Table 1. Clark and Breslow staging and risk

Breslow scale Risk for

Clark scale (level of invasion) (vertical thickness) metastasis

I Epidermis (in situ) Insitu None

I Invasion of the papillary dermis <0,75mm Minimal

i Filling of the papillary dermis but not 0,75-1,5mm Significant/
extending to the reticular dermis medium

v Invasion reticular dermis 1,51- 4,0 mm High

V Invasion subcutaneous fat/ tissue > 4,0 mm Extremely high

Necessary surgical equipment in the MMS technique includes a scalpel, fine forceps,
scissors, gauze, and an electrosurgical device for coagulation. We additionally use needle
holders, scissors, fine forceps, skin hooks, and a scalpel to reconstruct the area. Some laboratories
also have special staining machines and equipment for immunohistochemical staining [5].

The core team of MMS specialists includes a surgeon with an assistant and
a histotechnician [5]. In addition, the significant experience of the laboratory technician prevents
numerous mistakes [16].

At the beginning of the operation, the doctor marks the extent of the area to be excised
and then anesthetizes the area and removes it with a blade or scalpel. The removed tissues should
be carefully marked in relation to these orientations; for this purpose, hematoxylin and eosin
(H&E) and, less commonly, toluidine blue is used. In the next step, the specialist cuts at an angle
of 45 degrees thin margins - peripherally and in-depth [5].

They are successively cut into smaller parts and color-marked to determine the orientation
andflattened so that all layers are at the same level [5]. The tissues prepared in this way
arefrozen, cut, and prepared horizontally, which facilitates the observation of all cells under the
microscope [5,7].

When a neoplastic fragment is found in the observed margins, a fragment corresponding
to the patient's neighboring tissues is marked and removed. Thewhole operation is repeated until
the margin contains only healthy cells [5].

To proceed with eyelid reconstruction, it is necessary to ensure that there are no neoplastic
cells in the tissue after tumor removal. The method's effectiveness depends on the continuity of
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growth and integrity of the tumor in question. For minor defects under 25%, closure with sutures
or directly leaving the area to heal is usually sufficient [7, 10].

Reconstruction of more extensive wounds often requires restoration of the original
tissue formwith a skin flap or skin graft. Skin flaps are more popular because they are better
vascularized, shrink more minor, and show high similarity in structure and color. By their utility,
we spare other tissue areas that are the donor area for skin grafting [7].

Complications associated with MMS include bleeding, pain, or tenderness of the surgical
site and infection. Rarely, numbness of the operated tissues due to cutting smallnerve endings,
itching, or keloid - enlarged scar - may also occur. However, these are no different from

complications with any other surgical intervention [17].

Conclusions

Our review article aims to show how important it is to introduce new treatment methods
to the medical world—referring to the past when a patient diagnosed with progressive cancer
died without the possibility of rescue. Nowadays, the progress of medicine gives a very high
guarantee for the possibility of returning to thefullness of life and enjoying it for many years
to come.

The best treatment for most eyelid tumors is surgical resection with clean margins, which
is MMS [8]. Although this technique is time-consuming, expensive, andrequires the involvement
of two specialists, it shows higher efficiency. In addition, it provides a better prognosis for the
patient, protecting against loss of vision or even life. Unfortunately, currently, MMS is not
widely available, which hinders rapid access to a specialist and treatment [7].

One of the most significant advantages is that it belongs to one-day surgery, and the
patient is not affected by the side effects of general anesthesia.

Mohs surgery provides a high cure rate for eyelid tumors with maximum sparing of
healthy tissue [17].

It is characterized by the lowest recurrence rates in skin cancer treatment- for primary
basal cell carcinoma (BCC), it is up to 99% for a 5-year cure rate, and in recurrent BCC up to
94%. This repeatedly ensures the proper functioning of the eyelid, protects the organ of vision,
allows the potential preservation of essential structures such as the lacrimal apparatus, and
prolongs the patient's life. It proves that MMS should bea gold standard for treating skin cancers,

especially those located in the ocular region.
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Introduction

Primary immunodeficiencies also called inborn errors of immunity (IEI), represent

a group that mostly consists of about 400 genetic diseases [1]. They are associated with

congenital abnormalities in the functioning of the immune system [2]. As a result of these

conditions, there is an increased susceptibility to infectious diseases and autoimmune diseases,

inflammation, allergies, and neoplasm [3,4].

Primary immunodeficiencies are classified in the most recent report published by the

International Union of Immunological Societies (IUIS) in 10 groups:

1.
2.

© o N o o b~ w

immunodeficiencies that affect cell and humoral immunities

immunodeficiencies combined with associated characteristics of immunodeficiencies
combines with associated characteristics or syndromes

predominantly antibody deficiencies

immune dysregulation disease

quantitative or functional phagocyte defects

innate immunity defects

autoinflammatory disease

complement system deficiencies

bone marrow failure or insufficiency

10. IEI phenocopies [5].

Epidemiology

Primary immunodeficiencies are rare or even super rare diseases that affect approxima-

tely 1 in 10 000 children. It is estimated that ca. 6 million patients worldwide suffer from this
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condition, but they are rough estimates because this number contains both diagnosed and
undiagnosed cases [6].

According to recent research, over 70 - 80% of patients remain undiagnosed, and that's
why the actual prevalence remains unclear. There are two age groups when PID is usually
diagnosed: when the patient is between 5-19-year-old which is the case in 38% of patients, and
surprisingly when the patient is over 40, that gives 22% [7].

PID cases are reported in the registry of the European Society For Immunodeficiencies
(ESID). For the Polish population, the prevalence rate is 1,44/100 000 inhabitants [6].

In Poland, there are over 4000 new cases of PID diagnosed yearly, but with the number
of cases that remain undiagnosed, that number most likely reaches 20 000 patients total.
Statistically, more men (57%) than women (43%) suffer from PID [7].

The most common PID is Selective IgA deficiency which provides diagnostic problems
because patients produce other types of immunoglobulin; that's why they are still susceptible to
infections, but they appear clinically as mild gastrointestinal infections or appear generally
healthy [8].

Genetic Predisposition & Family history

PIDs are a heterogeneous group of diseases in the predominant part caused by
monogenic mutation, which leads to the situation when an encoded protein loses its expression,
loses its function, or gains a new function [3]. Even within one condition, there are different,
overlapping pathomechanisms, and it happens that even for clinically diagnosed conditions, the
genetic defect remains unknown [9].

PIDs are caused by inherited genetic defects, or a multifactorial happened. Additionally,
communities with a practice of consanguinity have a high rate of PIDs. Family history is
positive in roughly 66% of all patients [10]. There are over 430 inborn errors of immunity that
result in clinical symptoms [1]. In ten warning signs of PIDs, family history is one of the
components. Later studies found that family history is a strong identifier and leads to quick

diagnosis and allows to start treatment and prevent serious complications [11].

Diagnosis of primary immunodeficiency

Immunodeficiency should be suspected in the case of patients with severe, unusual,
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recurring infections. The kind of test is chosen based on most presumably diagnosis, which
depends on symptoms and frequency of particular immunodeficiency [12]. Basic diagnostic
procedures consist of complete blood counts, serologic tests of immunoglobulin levels, vaccine
titers, and complement levels [13]. They allow evaluation numbers and functioning of elements
of the immune system [14].

In addition, there are tests to detect HIV, even though this virus causes secondary
immunodeficiency. Negative results of these tests are an indication for wide diagnostics
towards immunodeficiency. Results of these tests are pointers for further research, but
sometimes they can give answers about the type of immunodeficiency without other
examinations. In case of correct results of tests accompanying unclear symptoms and suspicions
of immunodeficiency, consultation of immunologists should be recommended. In some types
of immunodeficiency (for example, specific antibody deficiency, complement deficiency,
chronic granulomatous disease), more specific examinations are necessary [12].

In prime immunodeficiency, we can use flow cytometric-based assays, which enables
rating:

e immune cell function (e.g., neutrophil oxidative burst, NK cytotoxicity),
e intracellular cytokine production (e.g., TH17 production),

e cellular signaling pathways (e.g., phosphor-STAT analysis),

e protein expression (e.g., BTK, Foxp3).

Also, genetic testing is gaining importance in the diagnosis of primary
immunodeficiency because of the fact that recently more and more primary
immunodeficiencies are being defined [13].

During diagnostic procedures also target microbiological tests should be included with
taking into consideration possible unreliable negative results of serological tests for viruses and
bacteria in case of antibody deficiency. Also, interferon-y release assays can be false negative

in immunosuppressed patients [12].

Quality of life

Knowledge of primary immunodeficiencies is not sufficiently widespread. Even some
doctors do not know much about them. It leads to the situation when patients must wait a long

time for a referral to an immunological clinic and also for the diagnosis [15].
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A recent analysis of the cohort, which concerned 2212 patients with CVID, showed that
respectively each year of delay in diagnosis leads to an increased of about 1.7 % risk of death.
A similar situation was with each year of increased age at diagnosis - here is a 4.5 % increase
in risk [16].

In the case of children, it is connected with absenteeism from school, isolation from
peers and hence with the weakening of social ties, and with learning backlogs. After several
long hospitals stays over the course of a year, they also have higher rates of depressive and
anxiety symptoms. Additionally, it happens that parents quit their job to look after their
children, which means that the family loses one of the sources of income. In the case of adults,
it is associated with absence from work, reduced salary, and contacts with co-workers, as well
as a sense of exclusion. Many of them feel anxious when they leave the house because they
may develop an infection the next day. Moreover, patients often think that they suffer from
serious, deadly diseases, which affect their psyche even more [15].

It also may be difficult to tell relatives or partners about the disease. People with
primary immunodeficiency should assure their partners that there is no connection between
their condition and HIV infection and that the disease is not infectious [14].

Another problem is the application of a strict hygiene regime - especially hand washing,
oral hygiene, and proper treatment of wounds and scratches. It is also important to remember
safe sex requirements, which can help you avoid sexually transmitted infections [14].

Patients also should not smoke because it reduces the risk of infection and lung disease
[14].

They also should have a nutritious and balanced diet, the right amount of sleep, and
undertake physical activities appropriate to the patient's condition in order to strengthen
immunity [14].

Patients with PID are allowed to travel, but they must take certain precautions. Before
departure, they should consult an immunologist, among other things, about preventive
vaccinations [14].

Doctors should inform them that they can not use live attenuated bacterial vaccines, for
example, against yellow fever [14].

They also should have all the necessary medicines with them if they are not available in
the country visited - here helpful will be a written certificate issued by an immunologist,

directed to the border and medical services of countries [14].
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Complications

The problem is underestimated, and the patient takes a lot of inadequately prescribed
medications, especially antibiotics, which are associated with their various side effects [15].
Replacement therapy with immunoglobulins causes few side effects, including dizziness and
allergy symptoms. Complications are usually short-lived and inedible, but long intravenous
administration of immunoglobulins can cause local damage to the veins over time [14].

Due to frequent respiratory tract infections - pulmonary fibrosis, vascular and
granulomatous changes may occur. In some cases, primary immunodeficiency can lead to death
due to permanent post-inflammatory changes [16-19].

PID can also result in cancer - which affects not only the lungs but also the stomach,
breasts, bladder, and cervix.

In addition, autoimmune diseases may develop. It most often affects [14]:

o the joints (pain, inflammation, rash),
e intestines (inflammatory disease),
e red blood cells (hemolytic anemia).

Patients suffering from ataxia-telangiectasia syndrome experience many symptoms
related to disorders of the central nervous system - such as problems with eyesight, speaking,

swallowing, and balance [20].

Complications connected with BCG vaccine

Bacillus Calmette-Guérin (BCG) vaccine is a live attenuated bacterial vaccine obtained
from Mycobacterium bovis [21].

The vaccine protected against meningitis and disseminated TB in children but does not
prevent primary infection and reactivation of latent pulmonary infection, which is the main
source of spreading infections among people [22]. Presently, the only available vaccine is the
one protecting against TB complications. BCG vaccination is recommended by the World
Health Organization (WHO) for infants in countries with a high incidence of tuberculosis and
in other countries in cases of high risk of tuberculosis. Despite positive effects, adverse events
may occur [21]. Various complications depend on BCG strain type, physical-chemical property,

bacillary load, administration method, and the host's immune characteristics may occur [23].
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One of the risk factors, in this case, is underlying primary immunodeficiency [21]. The
danger in case of this vaccination is caused by using live bacteria in vaccination and very early
age of the patient, which does not allow to observe symptoms of immunodeficiency. The
incidence of complications connected with BCG vaccination in the general population has been
estimated at around 1 in 2500 vaccines for localized complications (BCGitis) and 1 in 100,000
for disseminated BCG disease (BCGosis), but patients with Primary Immunodeficiencies (PID)
are exposed to developing severe morbidities and mortality [24,25].

Indications of WHO are to give one dose of vaccine to all healthy newborn just after
birth. Lack of symptoms in severe combined immunodeficiency causes that infants with this
condition are vulnerable to complications after vaccination. The risk of adverse experiences
can be reduced by early diagnosis of primary immunodeficiency owing to the newborn
screening programs for primary immunodeficiency diseases. Unfortunately, these programs are
not commonly available, so protection of newborns from sequelae is achieved by deferring
vaccination until excluding the possibility of primary immunodeficiency diseases. This can
delay vaccination for 2—6 months after delivery but is advantageous in the protection of BCG

complications [24].

How to improve the recognizability

At various conferences, immunologists ask especially family doctors who are first with
patients to be vigilant [15]. Attention should be paid to the following warning signs of primary
immunodeficiency in children:

Four or more new ear infections within one year.

Two or more serious sinus infections within one year.

Two or more months on antibiotics with little effect.

Two or more pneumonias within one year.

Failure of an infant to gain weight or grow normally.
Recurrent, deep skin or organ abscesses.

Persistent thrush in the mouth or fungal infection of the skin.
Need for intravenous antibiotics to clear infections.

© o N o g Bk~ w DN PE

Two or more deep-seated infections, including septicemia.

10. A family history of primary immunodeficiency [26].
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Information on preventive vaccinations.
Low birth weight, body length (Nijmegen syndrome, growth disturbance).
Prolonged fall off of the umbilical cord stump (LAD syndrome).
Previous infection.
Recurrent, chronic diarrhea (SCID).
Tendency to petechiae and ecchymoses (Wiscott-Aldrich syndrome).
Heart defect, electrolyte disturbances, seizures (DiGeorg's syndrome).
Neurological disorders of the type of ataxia (Ataxia-Telangiectasia syndrome).
Microcephaly (Nijmegen syndrome).

. "Cafe-au-lait" skin spots (AT, Nijmegen syndrome).

. Skin and organ abscesses (CGD).

. Severe dermatitis in an infant (Omenn's syndrome).

. Dermatitis and abscesses (Job's syndrome).

. Family history: severe infections in relatives, early deaths due to infections, confirmed

immunodeficiency in siblings.

During the physical examination should be taken into account:

1.

2
3.
4

o

General appearance: impression of a chronically ill child (SCID).

Low body weight (Nijmegen syndrome).

Short stature (Nijmegen syndrome).

Incorrect body proportions (short limb dwarfism with immunodeficiency, hypoplasia of
cartilage and hair).

Partial eye and cutaneous albinism and mental retardation (Chediak-Higashi syndrome).
Facial dysmorphism: wide set eyes, low set ears, underdevelopment of the mandible -
(DiGeorge syndrome).

Examination of the skin:

-blotchy rashes, petechiae (Wiscott-Aldrich syndrome),

-Abscesses (CGD),

-Chronic eczema (Job's syndrome, Omenn's syndrome).

Assessment of lymphatic organs:

-no tonsils or cervical lymph nodes (Bruton-type agammaglobulinemia),

-enlarged (CVID).
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9. Eye examination - conjunctivitis, telangiectasia (AT).

10. Eardrums: scars and perforations (CGD, subclass deficiency - 1gG).
11. Oral cavity: candidiasis, periodontitis (SCID, CGD).

12. Chronic persistent rales (CVID).

13. Palpation of the liver and spleen: (CVID, SCID, hyper IgM).

14. Symptoms of arthritis, restricted mobility (CVID).

15. Movement incoherence, intentional tremors, masked face (AT) [20].

Course of Covid 19 in people with primary immunodeficiency

Most patients with PID have the same COVID-19 symptomsas people without

immunodeficiency. Only a few types of this group of diseases increase the risk of
a severe course of SARS-CoV-2 infection. It is, for example, the most common symptomatic
immunodeficiency disorder in adults (common variable immunodeficiency - CVID). Safety can
be higher by taking preventive measures, such as vaccination against COVID-19, and also by
using appropriate treatment of the disease. The main problem is that a large part of patients (in
Europe - approximately 70-80%) still remain undiagnosed, and therefore now, even more
attention should be paid to the alarm symptoms [27,28].

Conclusions

Primary immunodeficiencies constitute one of the challenges of current medicine.
Deficit of knowledge about the immune system and immunodeficiency disease present in
society and also difficulties in diagnosis cause that this disease is undetectable.

In effect, people suffer from numerous infections, experience medical complications,
and are not treated. Also diagnosed immunodeficiencies significantly affect the lives of those
affected.

The disease has an influence on their social contacts, job, frame of mind, and whole life.
All these aspects caused the necessity of raising awareness about immunodeficiency,

detectability of disease, and the possibility of minimizing adverse effects of this condition.
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Introduction

Autosomal dominant polycystic kidney disease (ADPKD) is the most common
hereditary kidney disorder with a prevalence of approximately 1/500 births worldwide [1].
Fluid-filled cysts are accumulated mainly in renal parenchyma. However, other organs,
including the liver, pancreas, spleen, and even blood vessels, can be affected by polycystic liver
disease and intracranial arterial aneurysms. Though cysts can originate from all kidney areas,
they usually develop from the distal regions of nephrons and collecting ducts. These cysts may
collect blood as the result of trauma but also can lead to a pyogenic infection and renal fibrosis.
As the renal structure is being progressively disrupted over the years of chronic kidney disease,
patients develop an end-stage renal disease associated with high mortality. Such a condition
requires renal replacement therapy in nearly 50% of patients with ADPKD, as kidney failure
develops in the fourth to sixth decade of life [2]. Therefore, over 10% of renal replacement
therapies are due to the ADPKD [3]. In this paper, we submit an overview of the current

ADPKD knowledge, focusing on the pathogenesis, diagnosis, and therapeutic possibilities.

Genes

For the majority of ADPKD cases, a mutation in either of two genes is responsible —
PKD1 (polycystic kidney disease-1) or PKD2 (polycystic kidney disease-2), which encode
polycystin-1 (PC1) and polycystin-2 (PC2), respectively. ADPKD is a disease of enormous
allelic heterogeneity, with most mutations resulting from nonsense, frameshift, or splice-site
alterations. In the study of 400 families, 314 different truncating mutations to the PDK1 gene

were found. And 91 truncating mutations in 166 families to PKD2 gene were described, with
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aditional 25% of missense mutations [4]. Further, PKD1 and PDK2 mutations may have
synergistic effects as in the family with bilinear inheritance, where one parent was diagnosed
with PKD1 mutation. In contrast, in another with PKD2 mutation, children developed end-stage
kidney disease (ESKD) approximately 20 years earlier than their relatives with only one
PKD1/PKD2 mutation [5].

PDK1 gene (16p13.3) is responsible for over 80% ADPKD cases. This large gene is
organized in 46 exons, encoding a large transcript characterized by an open reading frame
(OTF) of 12,909 bp [6]. Exons 1-33 of PKD1 are located in a region that is duplicated six times
in other locations on chromosome 16, making a molecular diagnostic and mutation search much
more challenging [7]. PDK1 gene was found to have a high G.C. pairs content, multiple simple
repeats, and 2.5-kb polypyrimidine tract within intron 21, which may interfere with replication,
transcription, or RNA processing. Most mutations in the PKD1 gene produce truncated protein
and are family-unique; however, missense mutations have been discovered [8]. PKD2 gene
(4922.1) is a smaller gene than PKD1, responsible for nearly 15% of ADPKD cases. Its
structure is 25% homologous to a region of the PDK1 gene and is organized in 15 exons with
an OTF of 2904 bp [9]. Patients with a mutation in the PKD2 gene compared to PKD1 patients
show a later onset, have more prolonged renal survival, and present fewer complications [8].

The remaining 5-10% of cases are related to mutations in other loci or are yet genetically
unsolved. These mutations, which may result in an ADPKD-like phenotype, may be located in
hepatocyte nuclear factor 1 (HNF1B) — a transcription factor upregulating the expression of
other PKD-associated genes, neutral a-glucosidase A.B. (GANAB) — responsible for protein
folding, and DNAJB11 - encoding a chaperone protein associated with HSPAS protein. In
addition, mutations primarily connected to polycystic liver disease can also result in ADPKD-
like disease, including SEC63 — encoding a protein required in endoplasmic reticulum protein
translocation, and PRKCSH — encoding a regulatory [3-subunit of glycosidase two required for

protein folding [10].

PC-1 and PC-2 proteins

Polycystin-1 (PC-1) is an integral membrane protein containing 11 transmembrane
domains, a large extracellular N-terminus domain, and a short cytoplasmic C-terminus tail

responsible for regulating signaling cascades. PC-1 has a structure of a receptor or an adhesion

88


https://pubmed.ncbi.nlm.nih.gov/11156533/

Recent advances in the pathogenesis and treatment
of autosomal dominant polycystic kidney disease

molecule [11]. Its expression has been observed in the epithelial cells of renal tubules, both
developing and mature, as well as extrarenal tissues, including the heart, liver, bone, and
endocrine glands. PC-1 levels are temporally regulated, reaching the highest levels in fetal renal
tissue and low but detectable levels in adults. PC-1 proteins are mainly located in the cilium —
an organelle arising from the surface of most cells, responsible for intercellular communication,
but also in the lateral domain of plasma membrane and adhesion complexes in polarized
epithelial cells [12]. PC-1 is cleaved in both N- and C-terminal domains. C-terminal cleavage
at the G protein-coupled receptor proteolytic site (GPS) domain is thought to be important in
the activation and regulation of the biosynthesis and trafficking of PC-1 [13]. This cleavage
releases PC-1 fragments to the cytoplasm, which can subsequently migrate through the nuclear
membrane and interact with the numerous nuclear signaling paths. Not all PC-1 proteins in the
cell are cleaved, so full-length, and GPS-cleaved proteins coexist together.

Nevertheless, to be fully operational, PC-1 must undergo cleavage. Thus, cells with PC-
1 unable to leave due to the mutation result in an ADPKD phenotype similar to the PC-1-null
cells [14]. There is a coiled-coil domain at the C-terminal tail to interact non-covalently with
PC-2 protein [8]. As a multifunctional protein localized subcellular to the plasma membrane
and junctional complexes, the PC-1 role is suggested to be regulation in cell-cell and cell-matrix
interactions. However, sensing fluid flow and pressure in the kidney may also be its function
[15]. Therefore, mutations occurring in PC-1 may result in the impairment of intercellular
communication and lead to pathological epithelial cell differentiation as well as numerous
expressions of ADPKD [16].

Polycystin-2 (PC-2) protein is a nonselective cation channel with six transmembrane
spanning domains and cytoplasmic N- and C-terminal domains. It is also known as TRPP2
(transient receptor potential polycystic 2); it is fought to be the third class of calcium release
channels, beside TRPC1 and TRPV4, as it is insensitive to them as IP3 receptors and ryanodine
receptors. It is permeable to Ca?*, Na™ and K* ions; however, only intracellular calcium level
modulates PC-2 channel activity [17]. PC-2 is localized mainly in the endoplasmic reticulum
and early Golgi but can also be found in the plasma membrane in complexes with PC-1 and
primary cilium or mitotic spindles in tubules and collecting ducts of normal fetal and adult
kidneys. PC-2 is a calcium-activated channel; its main function is to release Ca2+ ions from the
intracellular stores if its local concentration grows [18]. However, in the polycystic complexes
associated with the cell membrane, PC-2 is responsible for Ca* influx. This function is lost in
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PC-1-null cells as the complex is impaired. Therefore, in ADPKD, intracellular calcium
homeostasis is disrupted, resulting in decreased levels of Ca?* and increased levels of CAMP
[11].

PC-1 and PC-2 are suggested to interact in similar signaling cascades as clinical
symptoms of their disruption are identical. These polycystins can function in a complex co-
dependently and independently, varying from their location of subcellular compartments [19].
Especially in the primary cilium and endoplasmic reticulum, PC-1 and PC-2 interact through
their C-terminal coiled domains, where PC-1 enhances binding to the GPS. At the same time,
PC-2 decreases the ability of PC-1 to activate and cleave to the G protein [20]. Impairment in
the function of one protein, either PC-1 or PC-2, negatively affects the other one. In ADPKD
mutations of PC-1, which prevent GPS cleavage, a decrease in the level of both PC-1 and PC-
2 has been noticed. Moreover, mutations in these proteins compromised, creating a functional
ion channel associated with PC-2, due to the disrupted intrinsic function of the channel or

complex formation [21].

Cyst formation

Cysts are small dilatations in the renal epithelium, which later grow into fluid-filled
cavities of various sizes. Since in ADPKD patients, all of the cells carry germline mutations in
one of the polycystin gene alleles, all these cells should be affected by cystogenesis. However,
studies show that only a fraction (~1%) of nearly a million nephrons develop cysts during
a patient's lifetime. To explain this phenomenon, a second-hit model has been proposed.
According to this model, besides already existing germline mutation in either one of PKD1 or
PKD?2 alleles, a second normal allele must also acquire a somatic mutation, resulting in
complete inactivation of PKD1 or PKD2 gene and thereby loss of polycystin function [22,23].
The kidney development stage when this second mutation occurs is of great importance to the
disease severity. If gene knockout affects a developing kidney during its rapid cell
differentiation, cystogenesis proceeds much faster than a mature kidney, where polycystin
function is less critical. This may be due to the polycystins' role in nephrogenesis, which are
crucial not for the nephron formation but the proper maintenance and subsequent elongation of
the nephron segments [24]. However, further studies showed germline mutations (first-

hit) and the second allele. Inactivation (second-hit) may not be enough to trigger cystogenesis,
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and an additional factor is required; thus, a third-hit theory has been introduced. Cell ischemia
and nephrotoxic injury are likely to induce rapid cyst growth, therefore accelerating ADPKD
progression. In mice that underwent nephrectomy, the remaining kidney forced to compensate
for the loss were observed to increase their glomerular filtration rate (GFR) and become
hypertrophic, leading to a severe cystic kidney disease much sooner than the control group [25].
Also, cysts themselves can stimulate cyst formation as due to the cellular stress they induce on
surrounding nephrons, the apoptosis of renal epithelium can be triggered [26].

As renal epithelium proliferates, the surface of the cyst lumen becomes more spherical.
This may be due to the disruption in planar cell polarity, as cells divide more parallelly to the
tubule rather than along its axis, thereby expanding the tubule instead of elongating it [27].
However, only loss of apical-basal polarity or planar cell polarity is not cytogenic itself, even
though it defects the tubule diameter control; therefore, further models are required to be
developed [28]. Secondly, cyst expansion is enhanced as the cyst fluid volume increases. This
is due to the conversion of the cyst-lining cells from ion-absorptive to ion-secretory. Finally,
transepithelial secretion is stimulated by cAMP and is dependent on the apical cystic fibrosis
transmembrane regulator (CFTR). In ADPKD, disrupted PC-1 proteins can increase CFTR
activity, upregulating CI™ transport, resulting in fluid-filled cysts [29,30]. Moreover, the
progressive activity of chemokines, cytokines, growth factors, interstitial fibroblasts, and
macrophages induces inflammation and fibrosis. As new cysts are created and the disease

proceeds, kidney fibrosis is developed, resulting in end-stage renal disease [2].

Diagnosis

When it comes to diagnosing patients suspected of ADPKD, the first tool used to screen
out affected ones is ultrasound due to accessibility and non-invasive character of examination.
A skilled radiologist can find cysts as small as 2 mm in diameter with the high-resolution
ultrasound probe. The unified criteria for at-risk patients with PDK1 or PDK2 mutations are as
follows: for patients aged 15 to 29, it is necessary to find at least three cysts, uni- or bilaterally;
for ones aged 30 to 59 — at least two cysts bilaterally; and in older patients — at least four cysts
bilaterally; while finding less than two in <40-year-old patients has been proved to be sufficient
for disease exclusion [31]. In pediatric patients, strict criteria for Ultrasound was not precisely

determined, and using ones for 15-year-old patients does not give enough sensitivity to depend
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on them. However, at least one cyst in ultrasound imaging of kidney enlargement should
concern practitioners to suspect ADPKD [32]. In MRI, considered more specific and sensitive,
but also more expensive and sometimes involving sedation, there is required a presence of at
least ten cysts in patients aged <40 years for confirmation, while the detection of fewer than
five cysts excludes the disease [33,34]. Other forms of direct monitoring include blood pressure
assessment and other symptoms such as back pain or dysuria [35]. Laboratory tests could also
show impaired urinary concentration due to less reactivity to vasopressin, hyperfiltration, and
restricted renal blood flow [36,37].

If the family history is negative (as it is for the quarter of patients with ADPKD), the
imaging-based diagnosis must be extended by genetic testing. The same approach should be
applied to potential kidney donors [38,39] and patients with preliminary radiological imaging
results and prenatal diagnosis. However, in the latter, such diagnostics are rarely conducted
[40]. Methods used for genetic testing are denaturing high-performance liquid chromatography
(DHPLC), direct sequencing, targeted next-generation sequencing, or microarray, which can
considerably shorten diagnosis time, as numerous variants of mutations are tested
simultaneously [41-43].

There is also an ethical factor that is needed to be taken into consideration.
Presymptomatic imaging and screening may bring a psychological burden to a patient and their
parents, with the first manifestation occurring in adolescence or adulthood or possibly never
giving any ailments other than imaging manifestation. Therefore, recommendations advise
against the screening of asymptomatic patients born from affected parents [35].

Mutation in PDK1/2 genes can cause abnormalities in other organs, such as polycystic
liver disease (PLD) being the most common, with prevalence, reported by Farooq et al. [44], of
12% affected by ADPKD, presenting abdominal pain, fever, jaundice, portal hypertension or
ascites. Other locations of the cyst presence are the pancreas, seminal vesicles in men,
arachnoid, and spinal meninges [45]. A complication that requires more attention is the
formation of intracranial aneurysm (ICA), with prevalence ranging from 9% to 12% [35]. It is
more common in patients with a family history of ICA. However, screening should be narrowed
down to patients' previous aneurysm rupture, family history of aneurysm, subarachnoid
hemorrhage, premature stroke, or family history of premature death [46]. Moreover, aortic and
coronary arteries aneurysm, aortic dissections, aortic root dilatation, cerebral dolichoectasia,

and mitral valve prolapse are other forms of cardiovascular complications [47].
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Treatment

The current level of development in medicine allowed doctors to treat symptoms and
complications and advance beyond that. All patients are encouraged to have a balanced diet,
with a limited salt intake of up to 5 g/day [48]; having a high water intake; active lifestyle to
keep body weight in optimal range; avoid alcohol, smoking, and usage of non-steroidal anti-
inflammatory drugs [35,49]. Hypertension is usually treated using a single angiotensin-
converting enzyme inhibitor, with target values of blood pressure of less than 110/75 mmHg in
aged <50 vyears with preserved estimated glomerular filtration rate (eGFR) (=60
mL/min/1,73m?) without any other cardiovascular complications. Schrier et al. [50] have
proven that strict control of blood pressure was more beneficial than the standard one (with the
target set at 120/70-130/80 mmHg), bringing reduction in a left ventricular mass index,
proteinuria, resistance in renal vessels, and perspective — slowing the decrease of eGFR.

Vasopressin V2 receptor antagonists first studied on rodent models were shown to
reduce intracellular ;cAMP and, therefore, antiestrogenic [51]. Based on those studies, tolvaptan
was introduced in the therapy of human ADPKD. A randomized controlled trial was conducted,
in which 1445 patients with ADPKD were enrolled. The drug slowed total kidney volume
increase (2,8%/year compared with 5,5%/year in the placebo group) [52]. Due to the lack of
vasopressin effect on water retention, adverse effects included polydipsia, polyuria, nocturia,
and an elevation of liver enzymes [53]. A follow-up study, scheduled in response to the U.S.
Food and Drug Administration (FDA) uncertainty in the safety and efficacy, confirmed the
previous findings, as patients’ eGFR reduction has been slowed [54]. Currently,
recommendations propose the usage of tolvaptan in the following patients: aged 18-55; with
eGFR >25 ml/min/1,73m?; at high risk (Mayo imaging classification 1C-1E or PROPKD score
>6); with a history of decline in eGFR greater than 5 ml/min/1,73m? in one year. Main
excluding factors from treatment involve pregnancy, lactation, uncorrected hypernatremia,
history of liver injury, hypovolemia, inability to sense or respond to thirst, and urinary tract
obstruction [55].

Due to their pleiotropic effects, Statins could be beneficial for maintaining the renal
blood flow and reduce the inflammatory process in kidneys. In 2014 Cadnapaphornchai et al.
[56] conducted a randomized trial on 110 children and adults with ADPKD, proving the effect
of pravastatin, which considerably reduced the increase rate of total kidney volume (TKV, 23%

vs. 31% placebo in 3 years; p=0.02). In contrast, Fassett et al. [57], in their study of 49 qualified
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patients treated with 20 mg of pravastatin, have noticed no statistically significant difference in
kidney function markers between drug and placebo receiving groups. Thus, two ongoing
clinical trials are run to determine whether statins influence renal function [58,59].

mMTOR pathway inhibitors, such as everolimus or sirolimus, were also considered, as
the accelerated proliferation of epithelial cells is one of the mechanisms leading to the
development of the cyst. However, clinical trials for those drugs have proven inefficient in
slowing cyst growth rate [60,61]. Bosutinib, a tyrosine kinase inhibitor (TKI), seems to reduce
the TKV growth rate without affecting eGFR [62]. Another TKI, tesevatinib underwent clinical
trials to determine if TKI could be considered as a possible drug for ADPKD [63]. Somatostatin
analogs in murine models inhibit CAMP synthesis, which translates to reduced proliferation of
renal cells [64]. Thus, usage of, e.g., octreotide, long-acting synthetic somatostatin analog has
been considered. A randomized, placebo-controlled, multicentre trial ALADIN tried to
determine whether it could be used to treat patients, but without straightforward results. From
year 1 to 3, mean eGFR and TKV were smaller in favor of a drug (89 vs. 78 ml/min/1,73m? and
1556.9 ml vs. 2161.2 ml respectively), but after the third year, changes in both eGFR and TKV
were insignificant from the placebo group [65]. A follow-up study, ALADIN 2, aimed at
patients in a later stage of kidney failure, confirmed the previous finding that octreotide could
slow progress to end-stage renal disease (ESRD) [66]. Therefore, repurposing commonly used
drugs, such as metformin, can be feasible. It is speculated that metformin can inhibit cyst
formation through activation of the AMPK pathway, which was previously confirmed in the
zebrafish model [67]. The ongoing trial is intended to confirm if that treatment is possible for
humans [68], with stage 2 results showing a slight decrease in estimated GFR (-1.71 vs -3.07
ml/min/1.73m? for placebo), also highlighting that due to small patient group, a larger study is
needed to define whether metformin therapy is effective [69].

The potential for disease management lies within gene therapy of the disease, but to
this date, no clinical trials have been reported. Mice models proved that in some ADPKD
Phenotypes restoring the function of altered genes brought positive changes on the cellular level

[70]. However, further studies on a safe and efficient form of delivering genes are required [69].

Conclusions

Present advances in medicine allowed persons suffering from ADPKD to be found and
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treated accordingly. Valuable advances were made in perceiving genetic and molecular causes
of disease, resulting in an in-depth understanding of mechanisms leading to cyst development.
At the same time, unified diagnosis tests hasten the process of deciding whether the person
needs treatment. In addition, we can now use disease-modifying drugs instead of resorting only
to symptomatic therapy. Further studies need to focus mainly on non-expensive methods of
diagnosis, early markers, and possibly drugs targeting specifically altered fragments of genetic

material.
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Introduction

Localized scleroderma (L.S.), also known as morphea is a rheumatoid autoimmune
disease of the skin and subcutaneous tissues. Its prevalence is estimated to be 0.4-2.7 per 100
000 patients [1,2]. The exact etiology remains unknown. However, some factors impact L.S.
development, such as: genetics, immune factors, trauma, and drugs (for example, bisoprolol,
bleomycin, peplomycin, D-penicillamine, bromocriptine, L-5-hydroxytryptophan, and the
combination of carbidopa with pentazocine and balicatib) [3,4].

Lesions in morphea are thought to be initiated by vascular injury, which leads to the
increased expression of adhesion molecules stimulating the inflammation cells. The
inflammation raises profibrotic cytokines such as transforming growth factor-beta, which
increase collagen synthesis (especially subtype I and I1l) and inhibit its destruction [5]. This
process results in fibrosis as well as sclerosis of the skin and subcutaneous tissues. In more
severe cases, tissue atrophy occurs [6].

Localized scleroderma can be differentiated from systemic sclerosis by lacking specific
symptoms such as sclerodactyly, Raynaud sign and nail fold capillary changes [5]. Morphea
can be divided into several subtypes, each characterized by the shape and involvement of the
diverse lesion of different tissues, such as skin, adipose tissue, muscle, and bone [7].

The most common subtypes are listed in table 1. Less frequent morphea subtypes
include morphea guttata, nodular morphea, Parry-Romberg syndrome or progressive facial
hemiatrophy, eosinophilic fasciitis, Shulman syndrome, and lichen sclerosus et atrophicus [2].

The diagnosis is based on clinical features as well as histopathological examination and
laboratory testing. There are no antibodies specific to morphea; however, ANA antibodies, anti-
histone antibodies and SS-DNA antibodies appear in some patients. Some studies showed 30%
of patients with morphea do acquire positive ANA antibodies [9]. Moreover, patients present
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positive eosinophilia and inflammation markers. In more serious cases, magnetic resonance

imaging is necessary to estimate the severity of lesions [10].

Table 1. Morphea classification based on European Society of Pediatric Rheumatology criteria

[8]

Subtype Subclass Clinical features
Circumscribed or | Superficial e Round or oval lesions limited to dermis and
plaque morphea epidermis
e Sometimes inflammation around plaques
e Mostly on trunk
e The tendency to the self-healing
Deep e Oval lesions which indurate deeper in the skin
(subcutaneous tissues, fascia, and muscles)
Linear Trunk or limbs | e Linear lesions on extremities
morphea ¢ Include dermis, subcutaneous tissue, muscles, and
bones
Head e Linear lesions on the head
e Include dermis and bones
Generalized e 4 or more plaques at least 3 cm each in 2 or more
morphea anatomical sides
Pansclerotic e The most severe subtype
morphea e Circumferential lesion on most of the body
¢ Include dermis, subcutaneous tissue, muscles, and
bones
Mixed e Combination of any of previous subtypes
morphea

Patients suffering from localized scleroderma are more prone to other autoimmune
diseases such as lupus erythematosus, plaque psoriasis, multiple sclerosis, vitiligo, Hashimoto
disease, diabetes mellitus, rheumatoid arthritis, and alopecia areata [7].

In this paper, we present the current treatment for localized scleroderma based on the
most present guidelines. Reviewing the therapy, we focused on clinical indications, possible
usage schemes, and potential adverse effects. The current treatment include topical agents
(imiquimod, tacrolimus, calcipotriol, calcipotriol/betamethasone dipropionate and calcipotriol)
systemic (steroids, methotrexate, and mycophenolate mofetil) and phototherapy [1].

Calcineurin inhibitors

Tacrolimus is known to be the most effective topical agent. Studies showed the
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effectiveness of 0.1% topical tacrolimus, applied two times a day, for 12 months [11].
Tacrolimus administered on the skin for four months decreased early erythematous lesions and
no recurrence or adverse effects were noticed [12].

Another study revealed complete remission of early and late lesions during tacrolimus
therapy. The ointment was applied twice a day at night under the occlusion [13]. Further,
tacrolimus showed a major effect in the treatment of superficial plaque morphea [14].

Besides tacrolimus' efficiency against many localized scleroderma subtypes, it is

recommended the most frequently to treat active localized plaques [15].

Topical corticosteroids

Although topical corticosteroids are the most commonly used in morphea treatment,
current literature does not show their effectiveness in monotherapy. The study from 2014
indicated the lesions' remission was achieved by combining betamethasone dipropionate with
calcipotriol [16].

Despite the lack of data, some recommendations consider the use of medium and high
potency topical corticosteroids to treat the active phase of plaque morphea [17]. The topical
corticosteroid therapy's main aim is to reduce inflammation, which could subsequently lead to

the tissue's sclerotization [18].

Vitamin D analogues

Vitamin D analogues are the next agents which can be potentially used in the L.S.
therapy. The study conducted on 12 patients resistant to the previous treatment showed the
efficacy of 0.005% calcipotriol after 3 months of the therapy. The ointment was applied twice
a day under the occlusion. There were no relevant side effects noticed [19]. Few case-report
studies confirmed the effectiveness of vitamin D analogues in monotherapy as well as in
combination with corticosteroids [20-22].

The study carried out on 19 patients under 18 years of age demonstrated that the
calcipotriol combined with low dosages of phototherapy (ultraviolet A1) has a positive impact
on lesions reduction [23].

Furthermore, studies indicated that calcipotriol with P.U.VV.A. (70J/cm2) is efficient for

the linear scleroderma [24].
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Topical imiquimod

Imiquimod is the immune-modulating agent stimulating the secretion of inhibitory
cytokines, such as IFN-alfa or IFN-gamma, which suppress collagen production. Studies
showed the effectiveness of 5% imiquimod administered once a day for five following days for
four months. The complete remission was noted in 2 patients, and partial remission was
observed in 12 people suffering from morphea [25,26]. Prospective studies revealed the
efficiency of imiquimod in the pediatric population, especially in plague morphea [27]. In
adults, imiquimod is recommended in residual sclerosis in the plaque subtype and the linear

subtype affecting limbs and head [17].

Systemic corticosteroids

Systemic corticosteroids (S.C.S.) are used in the early stages of morphea, in the
induction phase, as other drugs such as methotrexate need a few months to achieve the
therapeutic effect. The dosage of oral corticosteroids is 0.5-1mg/kg/day for 3 months, while
intravenous methylprednisolone (IVMP) — 30mg/kg/day for 3 days every month for 3 months
[2]. In the study conducted on 17 patients who suffered from morphea, prednisone was
administered for 5-70 months. In all patients, the remission of lesions has been observed.
Unfortunately, in 6 patients (35%) after the therapy, a recurrence has been noticed [28]. In the
next retrospective study, the medical history of 28 patients was analyzed. All these patients
received prednisone for 3-39 months. In 24 subjects, the remission was satisfying; however, in
9 out of 20 patients (45%), who did not use any other treatment, a recurrence was observed
[29]. The side effects of systemic corticosteroids include acne, hirsutism, a gain of weight,
glaucoma, growth inhibition in children, osteoporosis, opportunistic infections, hypertension,
Cushing's syndrome, and diabetes [30-32]. Nevertheless, there are not many studies concerning
corticosteroids in monotherapy. In most of the literature, corticosteroids are combined with

methotrexate [2].

Methotrexate

Methotrexate (MTX) is considered, alongside S.C.S. therapy, as an effective and safe
substance both in juvenile and adult patients. The most prominent double-blind, randomized
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trial conducted by Zulian et al. [33] consisted of 70 patients, 48 of whom were treated with
MTX dosed 15 mg/m?/week, max. 20 mg/m?/week, and the therapy was continued for 12
months after acceptable results were achieved. Additionally, all patients received oral
prednisone in 1 mg/kg/day dose, max. 50 mg/kg/day for the first three months of study. Overall
results showed an improvement in MTX-treated patients, with a worsening in the placebo
group. Koch et al. [34], using the same protocol for linear morphea came to the similar
conclusion, as seven patients required a second course, and 1 out of 17 subjects qualified for
research required a third course of MTX to achieve remission. Another form of "bridging
treatment™ is using I.V.M.P. pulses. In one study, pediatric patients were administered 0.3 to
0.6 mg/kg/week of MTX alongside IVMP (30 mg/kg) for 3 days monthly for 3 months [35]. In
the other study, adult patients were treated with an MTX dose of 15 mg/week, combined with
pulsed I.V.M.P. (1000 mg for 3 days monthly) for at least 6 months [36]. Both of them resulted
in successful disease management. A single therapy of solely MTX was also considered
successful, with an improvement after the 24" week of the study, measured with modified skin
score (M.S.S.) and visual analogue scale (VAS) [37]. MTX therapy is considered to be well-
tolerated, with mild adverse effects including nausea, headache, fatigue, and hepatotoxicity
[33,38]. Supplementation of folic acid can reduce adverse effects and increase the total
treatment success rate [39]. In summary, MTX is recommended in systemic morphea therapy,
but several elements are still needed to be taken into consideration, such as the usage of single
MTX, MTX with oral steroids, or MTX with intravenous steroid pulses. Other ones are the
dosage of the steroids above or whether to introduce MTX early, alongside topical treatment.

Therefore, further randomized trials are necessary.

Mycophenolate

If MTX seems ineffective in disease management or a patient does not tolerate MTX,
another antirheumatic drug, mycophenolate mofetil (MMF) can be introduced. Martini et al.
[40] carried out the study where ten juvenile patients, previously treated with MTX and S.C.S.,
showed little to no progress and underwent MMF therapy receiving 600 to 1200 mg/m?/day
twice daily. In six patients, MMF has been combined with MTX. Results showed a response to
MMF, and no more new lesions were present during the study. In 9 patients, there was a skin
softening, in 7 — the disappearance of erythema, and in 3 —an improvement of the restriction of

joint movement. Only one patient complained about abdominal discomfort. Other studies, in
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which seven patients participated, were receiving 500 to 2500 mg of MMF, showed remission
in 4 patients, which was maintained in one. Unfortunately, one patient developed elevated liver
enzymes, which resulted in a withdrawal from the study [41]. More trials are needed to

determine whether MMF is safe and effective in the management of morphea.

Phototherapy

Due to the recent advances in photo dermatology, phototherapy has emerged as one of
the well-studied therapeutic methods of localized scleroderma. Using the ultraviolet radiation
sources electromagnetic beams of a specific wavelength can be applied to the skin. The
electromagnetic spectrum of ultraviolet can be divided into three ranges, including ultraviolet
C (U.V.C,, 200-290 nm), ultraviolet B (UVB, 290-320 nm), and ultraviolet A (UVA, 320-400
nm), which can be further subdivided into UVAL (340-400 nm) and UVA2 (320-340 nm).
However, currently applied phototherapeutic modalities include broadband ultraviolet B (UVB
290-320 nm), narrowband UVB (311-313 nm), ultraviolet A, ultraviolet Al, psoralen and
UVA (P.U.V.A)), and extracorporeal photochemotherapy [42]. The longer wavelengths, such
as UVA, are able to penetrate deeper into the skin, and therefore, cause less sunburn adverse
effects. On the contrary, shorter wavelengths like UVB transmit their energy mostly to the upper
dermis, thus resulting in increased sunburn. Therefore, as UVA penetrates deeper it has been
a target for studies over localized scleroderma treatment. UVA radiation affects fibroblasts,
dendritic cells, vascular epithelium, and inflammatory cells, leading to the lymphocyte
apoptosis, cytokine alteration, and collagen synthesis inhibition. Nevertheless, in L.S. subtypes
involving deeper skin structures, such as fat tissue, muscles, or bones, it may not be effective
enough [43].

Psoralen and UVA irradiation (P.U.V.A.) apply oral, topical, or bath psoralen followed
by exposure to UVA radiation in phototherapy or direct sunlight (PUVAsol). Presently used
psoralens include methoxsalen or 8-methoxy psoralen, which enter the cells and intercalate
between D.N.A. base pairs. Psoralens require high-intensity UVA radiation to activate, and by
absorbing photons, they can covalently bind to the D.N.A. and form crosslinks [44]. In
P.U.V.A. therapy reactive oxygen species are generated as well, resulting in cell membrane
damage [45].

P.U.V.A. has been proved to activate metalloproteinase 1 (collagenase 1, MMP-1),

important for collagen renewal [46]. Moreover, P.U.V.A. leads to the apoptosis of T-cells and
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reduces serum V.C.A.M. levels, however, it increases TNF-a levels. In bath-PUVA a reduction
of hydroxylysylpyridinoline and lysylpyridinoline in skin samples has been observed [47].
European Dermatology Forum S1 guidelines by Knobler et al. [8] recommend using bath-
PUVA rather than oral administration of psoralens to avoid side effects. Performed 2-3 times
weekly for a total of 30 irradiations, P.U.V.A. can result in a satisfactory skin lesions reduction
in L.S. patients. A study of Pavlotsky et al. [48] shows that P.U.V.A. can be an effective and
well-tolerated first-line treatment of L.S. Complete remission has been achieved in 39% of
subjects using a mean cumulative dose of 115 J/cm?, and a clinical improvement (softening and
regression) has been observed in 50% of subjects. Bath-PUVA is recommended for the late
stage of localized scleroderma when sclerosis predominates over inflammation [30]. In a study
by Grundmann-Kollmann et al. [49] cream-PUVA has been suggested to be a potential
alternative to bath-PUVA, as a significant clinical improvement or clearance has been achieved
in all subjects; however, this study included only four patients. Thence, P.U.V.A. leads to
antiproliferative, antiangiogenic, apoptotic, and immunosuppressive effects in the upper and
middle reticular dermis layers [50].

In the early stages of localized scleroderma, UVAL therapy can be more beneficial when
an inflammation predominates sclerotic changes. UVAL comprise three different dosages,
including low-dose UVAL (10-29 J/cm?), medium-dose UVAL (30-59 J/cm?), and high-dose
UVAL (60-130 J/cm?) [8]. UVAL radiation enhances a metalloproteinase-1 (MMP-1) gene
expression, increasing dermal fibroblasts' synthesis. Due to the MMP-1 activity, as fibrillar
collagens type I and I11 are hydrolyzed. Therefore, collagen structures become less dense and
smother in comparison to non-UVAL patients [51]. Further, UVA1 reduces decorin (a
proteoglycan influencing fibrinogenesis) levels in the upper to mid-dermis [52]. Furthermore,
studies show UV AL can decrease TGF-B1 levels in fibroblast, resulting in an antifibrotic effect
[53]. Moreover, UVAL induces significant immunomodulatory effects in L.S. patients, leading
to the T-cells apoptosis [54]. UVAL downregulates interleukin-6 (IL-6) and IL-8 production. It
also induces an MMP-1 expression by IL-1 and IL-6-related paths [55]. An increased level of
TNFa has also been observed, leading to reduced collagen | and Ill production due to the
inhibition of collagen MRNA and fibronectin as well as enhancement of collagenase expression
[56]. Similar to P.U.V.A., UVAL irradiation generates reactive oxygen species, by inducing
heme oxygenase-1 in fibroblasts [57]. In European Dermatology Forum S1 guidelines
consensus approves either low, medium, or high dose UVAL to be used in treating L.S.

However, high dose UVA1 seems to have higher effectiveness. The UVAL course consists of
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at least 30 irradiations performed 3-5 times in a week [8]. Nevertheless, in nearly 50% o
patients undergoing UVAL therapy, a recurrence within three years has been observed [58].
These patients may benefit from a second UVA1 course [8]. In a study by Kreuter et al. [59],
a narrowband UVB (NB-UVB, 310-315 nm, peak at 311 nm) has been used to treat localized
scleroderma. The irradiation of 18 subjects five times weekly for eight weeks resulted in a
significant reduction of the clinical score from baseline to the end of the treatment. Thus,
Narrowband UVB has started to be considered an effective therapeutic option, as it was the first
trial including NB-UVB in the L.S. therapy. However, medium-dose UVAL phototherapy
occurred to be significantly more effective than narrowband UVB.

Other therapies

Hydroxychloroquine and cyclosporine are also considered possible drugs. The response
to the treatment was observed in 78 out of 84 (93%) patients for hydroxychloroquine [60], and
11 out of 12 (92%) for cyclosporine [61]. However, with potential side effects and a lack of in-
depth research, those drugs are not listed in recommendations [62].

Potential biological treatment comprises anti-IL6 humanized monoclonal antibody
tocilizumab [63] and sarilumab, which are evaluated now [64]. Others include abatacept,
CTLA-4 fusion protein [65], mTOR inhibitors tacrolimus [66] and everolimus [67], tyrosine
kinase inhibitor imatinib [68,69], though those studies were only cased reports and non-
randomized studies. Anti-TNF-alpha agents, like rituximab and infliximab, should be used with
caution, as their usage may potentially induce morphea [70,71].

Physiotherapy, alongside medication, can improve mobility, restore movement range,
and help maintain muscle strength [7], while surgical reconstruction, such as fat grafting, can
be beneficial with patients with dysmorphia [72]. Orthopedic complications, such as limb length

discrepancy or limb atrophy, surgical treatment of those above are to be considered as well [73].

Treatment regimens

In the treatment of L.S., various therapeutic methods are combined in several regimens
in order to match patients individually depending on their predispositions and contraindications.
Furthermore, the chosen regimen depends on the L.S. subtype as skin-limited subtypes may

require only superficial treatment, whereas a systemic treatment may be necessary for deeper
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tissue involvement. The recommendations presented below are based on European
Dermatology Forum S1 guidelines by Knobler et al. [8].

For patients affected by superficial-ranged subtypes of L.S. involving the dermis only,
topical therapy is recommended as a first-line treatment. Regimens, listed in table 2, include
topical glucocorticoids, which should not be applied for longer than 3 months as they may
induce potential severe adverse effects. In such a case, interval therapy should be considered.
Glucocorticoids are advised in the active phase of L.S., as they are not effective in the sclerotic

phase. Further, UVA-1 is suggested to be administered in pulse courses and in low doses [74].

Table 2. Treatment of L.S. subtypes with limited skin involvement [8,74]

First-line Topical glucocorticoids
treatment e High-potent: clobetasol propionate, once daily, up to one month
or
e Medium-potent: mometasone furoate, once daily, up to three
months

Alternatively:
e Calcipotriol, topically, 1-2 times a day (maybe combined with
glucocorticoids)

or
e Calcineurin inhibitor, topically, 1-2 times a day
Second-line e P.U.V.A. therapy: either oral, bath or creme, 2-4 times a week,
treatment (instead minimum of 30 U.V. irradiations
of/additional e UVALI therapy: 50-80J/cm?, 3-5 times a week, minimum of 30
to the first-line) U.V. irradiations

Table 3. Treatment of L.S. subtypes with severe skin and/or musculoskeletal involvement

[8,74]
Adults
First-line treatment e Methotrexate, 12.5-25 mg/week
Second-line treatment e Methylprednisolone, i.v., 500-1000 mg/day, on three
(instead of/additional to consecutive days per month, up to 3-6 months
the first-line) or
e Prednisolone, p.o., 0.5-2 mg/kg body weight/day, for 2-4
weeks, followed by the dosage tapering
Children
First-line treatment e Methotrexate, 15 mg/m? body surface area/week, max. 25
mg/week
Second-line treatment e Methylprednisolone, i.v., 30 mg/kg body weight/day, max.
(instead of/additional to 60 mg/day, on three consecutive days per month, for at least
the first-line) 3-6 months
or
e Prednisolone, p.o., 0.5-2 mg/kg body weight/day, max. 60
mg/day, for 2-4 weeks, followed by the dosage tapering
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Systemic treatment is recommended in patients with severe skin lesions and deeper
structures, including fat tissue, fascia, muscles, joints, or bones (table 3).

The therapy should last at least 12 months. The efficacy of systemic glucocorticoids
treatment may be evaluated not sooner than 8-12 weeks from the course start since this is an
average time for the skin sclerosis to begin a reduction. In severe patients, surgical intervention
may be necessary, however, guidelines focus on the pharmacological agents as a base for the
L.S. treatment [74].

Conclusions

Localized scleroderma only in the last decade has received proper interest among
scientists and physicians. The development of standardized diagnostic and management
guidelines brought tools for practitioners, aiding in the difficult task of recognizing the disease.
Present-day strategies involving topical-, systemic- and phototherapy were confirmed by
research as effective in morphea. The regimen must be suitable for specific patients, regarding
age, disease form and severity, and whether changes are limited only to skin or advancing to
deeper tissues. Recent discoveries in molecular pathways in rheumatic diseases create
opportunities to develop targeted biological therapies that may halt disease progress from an
early stage. At the same time, ongoing trials with already existing drugs can give doctors new
means to handle affected that are not responding to currently available drugs. Further studies

should also focus on patients' overall quality of life improvement.
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Abbreviation list
e 137aAPC - artificial antigen-presenting cell
e 4-1BB - Cluster of Differentiation
e ALL - acute lymphoblastic leukemia
e ALL-B - B- Cell Acute Lymphoblastic Leukemia
e APC - antigen-presenting cell
e ATMP - advanced therapy medicinal product
e BCMA - B-cell maturation antigen
e BTK - Bruton's tyrosine kinase
e CAR - chimeric antigen receptor
e CAR-IS - chimeric antigen receptor immune synapse
e CAR-T - chimeric antigen receptor T cell
e CD - Cluster of Differentiation
e CLL - chronic lymphocytic leukemia
e CRP - C-reactive protein
e CRS - cytokine release syndrome
e DLBCL - diffuse large B cell lymphoma
e DLI - donor-lymphocyte infusion
e DNA - deoxyribonucleic acid
e EMA - European Medicines Agency
e ESMO - European Society for Medical Oncology

e E.U.-European Union
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e FDA - The United States Food and Drug Administration

e FL - follicular lymphoma

e GD2 - disialoganglioside-2

e GVHD - graft-versus-host disease

e HER2 - human epidermal growth factor receptor- 2
e HGBL - high grade B-cell lymphoma

e HIV - human immunodeficiency virus

e HLA - human leukocyte antigens

e HLH - hemophagocytic lymphohistiocystosis

e [CANS - immune effector cell-associated neurotoxicity syndrome
e |FN-y -interferon-gamma

e |.L.-interleukin

e |.S. - immune synapse

e LDH - lactate dehydrogenase

e MAS - macrophage activation syndrome

e MCL - mantle cell lymphoma

e MM - multiple myeloma

e PFS - progression-free survival

e PMBCL - primary mediastinal B-cell lymphoma
e RNA - Ribonucleic acid

e ScFv - single-chain variable fragment

e slL- 2 - soluble interleukin-2

e TAA - tumor associated antigen

e TCR - T-cell receptor

e USA — The United States of America

Therapeutic approach to the treatment of cancer

Cancer treatment is currently one of the greatest challenges in modern medicine. The
revolution in the therapeutic approach began in the 1960s and continues to this day. The
beginning of pharmacological treatment dates back to the 20th century [1,2]. Most of the

currently used chemotherapeutic agents rely on non-selective blockers of mitosis, intensively
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dividing cells in the human body. Due to this fact, both cancer cells and healthy cells are
destroyed. Therefore, cancer treatment is associated with a high percentage of side effects. The
treatment regimens used include surgical removal, chemotherapy, radiation therapy,
immunotherapy, and targeted therapy. For several decades, a specific treatment strategy has
been defined for each type and stage of cancer, allowing the patient to function in the best
possible way [3]. The aforementioned immunomodulating treatment and targeted therapies are
breakthrough solutions in a new branch of medicine, i.e., immuno-oncology. The main goal of
immuno-oncology is to support the human immune system in the fight against cancer. Unlike
traditional chemotherapy, cancer immunotherapy does not directly destroy cancer cells through
a toxic effect but activates the body's immunity and natural defenses. Immunotherapy is a set
of methods based on modifying the functioning of the immune system. It uses mechanisms such
as immunosuppression, immune reconstruction, or immunostimulation. Immunotherapy is a
relatively new therapeutic approach. Nevertheless, some diseases have developed an effective
treatment regimen based exclusively on immunotherapy. For example, monotherapy based on
immunomodulation is extremely effective, including hematological cancers, i.e., chronic

lymphocytic leukemia, non-Hodgkin's lymphoma or myelodysplastic syndrome [4].

How CAR T-cell therapy works

Combining the immunotherapy mentioned above with targeted therapy is the greater
achievement that should be associated with the future of modern immuno-oncology. This
method is used in a therapy based on chimeric antigen receptors T cells (CAR-T). The essence
of CAR-T therapy is to use the antitumor properties of T cells by equipping them with chimeric
antigen receptors (CAR). CAR-T was first developed in 2015. Three years later, in 2018, it was
approved by the European Medicines Agency (EMA) in the central registration procedure for
the advanced therapy medicinal product (ATMP) Kymriah (tisagenlecleucel). The basis for
registration was the results of the ELIANA and JULIET studies published in the New England
Journal of Medicine [5,6].

Immune receptors and foreign antigens

The main function of the T cells is to destroy any "unwanted" cells in the human body,

i.e., foreign cells infected by virus or neoplastic cells. The T cells recognize them by finding
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proteins called antigens on their surface and linking them with appropriate receptors. Activated
in such away, T cells trigger other parts of the immune system to destroy the foreign substance.
Nowadays, thanks to biomedical engineering, it has become possible to modify the patient's
lymphocytes in such a way as to increase their affinity for cancer. The artificial modification of
T cells makes it possible to target them against specific molecules on cancer cells. The receptor
added by genetic modification is called chimeric antigen receptors (CAR). It allows triggering

a cytotoxic reaction to a specific cell in the human body.

T cell cytotoxicity

The death of the cell that has been recognized by T cells occurs as a consequence of the
T cells' cytotoxicity. After an antigen is recognized by the T-cell, combining T-cell receptor
(TCR) with an antigen initiates the generation of the classical immune synapse (I.S.). During
CAR-T therapy, CAR acts asa TCR and forms CAR immune synapse (CAR-IS). The formation
of the L.S. starts the signaling pathway consists of actin accumulation and polarization of the
microtubule-organizing center [7,8]. Consequently, the cytolytic granules with perforins and
granzymes attached to the microtubules migrate towards the T lymphocyte surface and fuse
with plasma membrane within the central area of the synapse. Substances from the granules are
released into the synaptic cleft. Perforins create channels in the cell membrane of the target cell,
through which granzymes that activate caspase-dependent and independent apoptotic cell death
enter the cytoplasm [8]. The targeted action makes CAR-T the most advanced cellular therapy,
offering hope for patients and physicians to treat chemoresistant and relapsed forms of the

disease.

Indications for the use of CAR-T therapy

The CD19-directed CAR-T therapy turned out to be effective in treating relapsed and
refractory ALL. Complete remission was attained in 90% among such patients, with an
estimated six-month EFS of 67% and overall survival of 78%. Thus, CAR-T is associated with
a high remission rate, even among patients for whom stem-cell transplantation had failed, which
is the most effective way of treatment for now. Moreover, durable remissions up to 24 months
were observed [9]. Other studies confirm that CAR-T is highly effective and achieve 80-90%
of complete remission among patients with refractory or resistance ALL-B [10].

Considering all mentioned researches, we can assume that this type of treatment can be
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very helpful in treating some types of cancer, even when other treatments are no longer working.

Making the CAR T cells

Collecting the T cells

T cell therapy starts with obtaining the patient's leukocytes by leukapheresis, an
apheresis method that separates leukocytes from whole blood. Currently, active clinical trials
and trials that led to approved commercial products required an absolute lymphocyte count of
100 — 200 / ml. The blood components are usually separated by density with continuous or
intermittent centrifugation methods using density gradient media. Red blood cells and platelets
are contaminations that are usually removed in a washing step. After washing, the cells are
cryopreserved or delivered fresh to a manufacturing facility for processing. Processing includes
T-cell expansion, genetic manipulation, quality control testing, and cryopreservation of the final
expanded T-cell product [11,12,13].

After separation from the leukapheresis product, T cells are activated, transduced, and
expanded ex vivo. The expansion process is mainly based on the use of growth factors, such as
IL-2, beads coated with anti-CD3/anti-CD28 monoclonal antibodies, or cell-based artificial
APCs (aAPCs). In the presence of interleukin-2 and aAPCs, T cells can grow logarithmically.
Then, the beads, or aAPCs, can be easily removed from the culture through magnetic separation.

Genetic manipulation of patients' T cells is the transfection of them with a gene that
encodes a CAR against the neoplasm cells. The CAR encoding gene is transduced into T cells,
usually by using retroviral or lentiviral vectors. The vector introduces genetic material in the
form of RNA. The RNA is reverse-transcribed into DNA and permanently integrates into the
genome of the patient cells. Integration of transgene into the genome of T cells provides a stable
and lasting expression of the receptor [14,15,16]. The process of T-cell processing can take 2—
4 weeks [11,12,13].

Structure of the Chimeric antigen receptors (CARS)

Chimeric antigen receptor comprises four major domains, i.e., an extracellular antigen-
recognition domain, a spacer domain, a transmembrane domain, and a cytoplasmic domain.

e The antigen-recognition domain is most frequently a single-chain variable fragment

(scFv) derived from a monoclonal antibody. ScFv consists of the antibody variable light-
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chain and variable heavy-chain connected by a peptide linker [17].

e The spacer domain is usually derived from the Fc fragment of an IgG antibody.
However, Non-lgG-based spacers such as CD8 and CD28 hinge regions are also used.
The spacer domain mediates the antigen-antibody reaction and affects the efficacy of
binding to the antigen by giving scFv flexibility. Additionally, the length of the spacer
domain determines the immune synapse distance, which influences the signaling [18].

e The transmembrane domain is derived from a transmembrane receptor protein, most
commonly CD8 or CD28. Its role is to transmit the signal between the extracellular and
intracellular domains and to anchor the receptor in the cell membrane [15,19].

e The number of cytoplasmic domains depends on CAR generation. First-generation
CARs contained only an activating domain - typically the CD3- chain of the T cell
receptor-CD3 (TCR-CD3) complex. However, early CAR-T cell exhaustion could not
achieve a satisfactory antitumor effect [17].

Under physiological conditions, the CD3-TCR complex, upon recognizing an antigen,
produces a signal that initiates the signaling cascade leading to T cell activation. However, for
optimal immune response, a second signal is required. It comes from costimulatory receptors
and increases proliferation, cytotoxicity, memory formation, and prevents anergy. That is why
the second and third-generation CARs contain one or two costimulatory domains, respectively,
which are most often derived from CD28 and 4-1BB whether the third generation provides

greater clinical benefits than the second-generation CARs [20].

Choice of the target

Identifying the appropriate antigen to be targeted by CAR-T cells is essential in
designing an effective therapy. An ideal target antigen should provide both efficiency and
safety, having wide coverage on tumour cells, and be highly specific to avoid damage to healthy
cells ("on-target, off-tissue" effect). CD19 is the antigen most commonly used in CAR-T
therapies today. It is a typical antigen of B cells surface. Therefore, the antigen
has excellent coverage for B cell malignancies but is not specific to all neoplastic cells [21]. In
this case, CAR-T therapy is associated with long-term B cells aplasia. Even so, it can be well
managed by using intravenous immunoglobulin [22]. However, it needs to be added that
stability of the target expression is also an important factor in selecting the good one. Loss of

antigen expression (target loss) is a common reason for the failure of CAR-T therapy [21].
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Receiving the CAR T-cell infusion

Preparation of the patient

The efficacy of CAR-T therapy largely depends on CAR-T cells expansion and
persistence in the patient. All patients undergoes lymphodepleting chemotherapy before
infusion of CAR-T cells. Lymphodepletion reduces tumour volume, eradicates endogenous
regulatory T-cells to amplify CAR-T cell responses, eliminates other immune cells that may
compete for homeostatic cytokines, and enhances the activation of APCs [23,24].
Cytophysiological effects of lymphodepletion contribute to increase the availability of
homeostatic cytokines, i.e., interleukin-7 (IL-7) and interleukin-15 (IL-15), that promote
transferred T cells survival and increases their expansion [25]. Incomplete lymphodepletion
may result in limited persistence of CAR-T cells. Meta-analysis showed that patients who
received a lymphodepletion regimen before cell infusion achieved a 6-month progression-free
survival (PFS) rate of 94.6%. In contrast, patients who did not received lymphodepletion
regimen only achieved a PFS rate of 54.5% (p < 0.001) [26]. Currently, the most commonly
used regimen is the F.C. regimen, including fludarabine and cyclophosphamide.

After administration lymphodepletion regimen, modified T-cells are infused back into
the patient as therapy. The number of CAR-T cells injected also is important. The 6-month PFS
for patients infused more than 108 CAR-T cell was 94.4%, significantly higher than 58.6% in
patients infused less than 108 CAR-T cell ( P < 0.001) [26]. Following infusion, CAR-T cells
are activated by the tumour antigen recognition. Then, they vastly proliferate and start to exert
cytotoxicity against tumour cells. CAR-T cells reach their peak blood concentration usually
within 7 to 14 days. The concentration declines over the next few months. However, CAR-T
cells show long-term persistence in some patients after dropping and are detectable even years

after infusion [25].

Monitoring after CAR T-cell infusion

Following infusion, patients are monitored for toxicities associated with CAR-T cells.
There are two major critical points during the CAR-T cells therapy when it is vital to recognise
and adjust or even stop their activity. The first moment is soon after the CAR-T cells transfer
in case of severe, untreatable side effects, i.e., anaphylaxis. The second is a late one when CAR-

T cells have eliminated the tumour cells and continue to attack cross-reactive healthy tissue
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[27]. The main adverse events include cytokine release syndrome (CRS), macrophage
activation syndrome (MAS), hemophagocytic lymphohistiocytosis, (HLH), or neurotoxicity.
Because of the risk of these side effects, adult patients are typically advised not to drive, operate
heavy machinery, or do any other potentially dangerous activities for at least several weeks

after getting treatment.

Possible CAR T-cell therapy side effects

Cytokine release syndrome (CRS)

Cytokine-release syndrome is the most common adverse effect of CAR T-cell therapy.
Following infusion, activation of transferred CAR-T cells leads to the production of
supraphysiologic levels of the cytokine. CRS typically occurs within the first week after CAR
T-cell therapy and generally peaks within one to two weeks of cell administration. During the
first week, the levels of interferon-gamma (IFN- y), interleukin-6 (IL-6), soluble interleukin-2
(sIL-2), interleukin-8 (IL-8) and interleukin-10 (IL-10) raise. This cytokine storm elevation
triggers cytokine release syndrome, which is a temporary and reversible systemic inflammatory
state. Patients with CRS suffer from hypotension, high fever, malaise, headaches, myalgias,
arthralgias, anorexia, nausea, neurological disturbances, respiratory distress, hypoxia, and
capillary leak syndrome [11]. The high levels of C-reactive protein (CRP), IL-6, and IFN- y
have been stated as predictive serum biomarkers for CRS [28,29]. Moreover, the high levels of
IL-6 have strongly correlated with the severity of CRS [27]. The management of CRS has as
its basis the grade, which includes components of temperature, systolic blood pressure, oxygen
saturation, and possible toxicity to other organs. The primary points for management include
corticosteroids and IL-6 antagonists and supportive care, i.e., acetaminophen and hypothermia

blanket for fever, intravenous fluid for dehydration or hypotension, supplemental oxygen [30].

Macrophage Activation Syndrome (MAS) and Hemophagocytic Lymphohistio-cystosis
(HLH)

A subset of patients who suffer from CRS also manifest symptoms similar to MAS or
HLH, which manifest as liver dysfunction with hepatosplenomegaly and coagulopathic with
decreased fibrinogen levels. The appearance of these syndromes is triggered by immune

dysregulation and leads to full-body toxicity. High serum cytokines such as IFNy lead to
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macrophage activation [31]. Identification of CRS-related MAS or HLH is complicated due to
similar pathogenesis. Therefore, these syndromes are challenging to differentiate and diagnose
in patients who receive CAR T-cells. However, MAS can be distinguished from CRS by the
decrease in fibrinogen and the rapid rise of ferritin and LDH. This immunologic toxicity can be
mitigated with steroids, anakinra, and supportive care, and patients ultimately have similar
survival compared to patients without MAS-L. Although those are serious adverse events, the
frequency of HLH/MAS in CAR-T-treated patients has been reported to be as low as ~1% [32].

Neurotoxicity

Neurotoxicity is developed in a substantial portion of patients treated with CD19-
targeted T cells; due to its origin there was identified an immune effector cell-associated
neurotoxicity syndrome (ICANS), symptoms of which are as follows: visual hallucinations,
encephalopathy (confusion, delirium), dysphasia, word-finding aphasia, motor weakness,
tremor, headaches, depressed level of consciousness, epilepsy or coma [11]. In addition,
encephalopathy in children may be observed as increased irritability to delirium in adolescents
[28]. Another complication associated with neurotoxicity is endothelial dysfunction. It may
appear in vascular instability, capillary leak, blood-brain barrier disruption, and disseminated
intravascular coagulation [33]. Even though neurotoxicity has been reported to be self-limited
with no long-term neurological effects for most patients, some death cases were observed due

to neurotoxicity caused by cerebral oedema.

Other adverse events

Other possible serious side effects of CAR T-cell therapy include allergic reactions
during the infusion, abnormal levels of minerals in the blood, a weakened immune system with
an increased risk of serious infections, and low blood cell counts.

Anaphylaxis, as allergic reactions, may appear due to the immunogenicity caused by
murine antibody derived single-chain variable fragment (ScFV), the humanizing components
of the CAR protein may reduce though the chance of this severe allergic reaction to appear [29].

The weakening of the immune system is due to the affinity of antigens for healthy body
tissues. On-target off-tumor toxicity occurs when T cells lose the ability to distinguish normal
cells from tumour cells. Despite the high specificity of the treatment, biomarkers can be

expressed in normal tissues and organs, especially lymphatic tissues, resulting in tissue damage.
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Quite commonly observed due to CD19 CAR-T cell therapy is a B-cell aplasia resulting in
hypogammaglobulinemia lead to weakened immune system [28,29,33].

The risk of "on-target off-tumor toxicity" increase in solid tumour therapy. For example,
HER antigen is may have been a target antigen in breast cancers. Although, it is expressed also
by cardiac and pulmonary epithelial cells. Therefore, HER2 CAR T-cells applied for breast
cancer can exhibit cardiopulmonary toxicity. Moreover, a report reported that CAR T-cell
therapy for colorectal cancer led to the patient's death because of pulmonary toxicity [29,34].

Tumor lysis syndrome is another toxicity that appears due to sudden or massive tumour
cell death and manifests in increased lactate dehydrogenase, uric acid, and potassium levels
[29]. It mostly appears in patients treated with CD19-targeted CAR T cells, especially those
with chronic lymphocytic leukaemia (CLL). Alongside the tumor, lysis syndrome raises the

risk of acute renal injury in the setting of renal dysfunction due to CRS [28].

Advantages of therapy in hematological malignancies

The most notable advantage of CAR-T cell therapy over other cancer therapies is the
abrupt time intervention and a single infusion of CAR-T cells. This for the oncological patient
IS a major change compared to classical treatment methods, especially considering that after the
infusion, only 2-3 weeks of proper care and observation is sufficient for the patient who does
not perform any side effects of the treatment [34]. Another supremacy of CAR-T cell therapy
over the standard treatment approach is that CAR-T cells target specific markers of B-cell
lineage (CD 19). Which is not expressed on other cell lines; thus in contrast with adaptive
immune cells, CAR-T cells can eliminate only cancer cells containing the corresponding, highly
specific tumor-associated antigen (TAA), which to some extent allows avoiding the
unnecessary killing of healthy tissues [29]. Furthermore, CAR-T cells can recognize cell surface
molecules without the help of human leukocyte antigens (HLA) expression. This also decides
on the predominance of CAR-T cell treatment since tumours often avoid T cell immune
surveillance by hiding HLA or other molecules involved in antigen processing and presentation.
What is more, the CAR-T cells can recognize potential antigens in nearly all forms, such as
carbohydrate, lipid, and protein antigens, which can be combined explicitly by proper

antibodies [33]. The activity of CAR-T cells does not limit to a short time of hospitality of the
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patient. Its efficacy may persist for decades as the cells can survive in the host body in the long
term, with a constant ability to find and destroy cancer cells e.g., during relapse [34].

This long-term efficiency of the CAR-T cells and its single infusion process leads to an
advantage that needs to be looked at on the broad spectrum. The CAR-T cell therapy is an
expensive but one-time procedure. Comparing the costs of this treatment with the costs that
have to be borne over few courses of patient's therapy, during which he remains for long weeks
or even months in the hospital, taking not so cheap medications, the overall price is not much
smaller than the CAR-T cell therapy. Moreover, thanks to the CAR-T treatment, transplantation
can be avoided, the costs of which are significantly high [5].

Types of CAR-T therapy

Approval and indications

The institutions responsible for accepting and approving new medical products and
therapies in the USA and European Union are the FDA (The United States Food and Drug
Administration) and the EMA (European Medicines Agency). Currently, in the USA, 5 CAR-
T therapies are approved (Kymirah, Yescarta, Tecartus, Breyanzi, Abecma) [35,36,37,38,39],
whereas in the E.U. just 3 (Kymirah, Yescarta, Tecartus) [40,41,42]. For now, the FDA has
approved CAR T-cell therapy for adult patients with certain types of blood cancers, including
aggressive, relapsed, or refractory diffuse large B cell lymphoma (DLBCL), primary
mediastinal B-cell lymphoma (PMBCL), high-grade B-cell lymphoma (HGBL), relapsed
refractory or transformed follicular lymphoma (F.L.), and mantle cell lymphoma (MCL),
relapsed or refractory multiple myeloma (MM). In addition, CAR T-cell therapy is approved
for patients with relapsed or refractory B-cell acute lymphoblastic leukemia (ALL-B) up to age
25. The general recommendations for all CAR-T therapies specify that patients should be
evaluated for active graft-versus-host disease (GVHD), uncontrolled infections, or recent
donor-lymphocyte infusion (DLI) with a threshold of at least 6 weeks between DLI and CAR-
T infusion. In addition, patients with uncontrolled infections and active grade II-1V GVHD
should be excluded from CAR-T therapy [43].

Kymirah CAR-T
The first approved chimeric antigen receptor T-cell therapy (CAR-T therapy) in 2017
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was tisagenlecleucel under the trade name Kymirah [36,43]. Kymirah is indicated in patients
up to 25 years of age with B-cell acute lymphoblastic leukemia (ALL) that is refractory or in
second or later relapse after the stem cell transplantation. Second indication targets patients
with relapsed or refractory large B- cell lymphoma after two or more lines of systematic
therapy, including most patients with diffuse large B-cell lymphoma (DLBCL) not otherwise
specified [43,44,45,46,47].

Yescarta CAR-T

The second CAR-T therapy - axicabtagene ciloleucel (Yescarta) was approved [38].
Yescarta is used for the treatment of DLBCL with the same indications as for tisagenlecleucel
[45,46] or follicular lymphoma (F.L.) after at least two prior lines of systematic therapy [47,48],
whereas the EMA approved it in treating DLBCL and primary mediastinal large B-cell
lymphoma (PMBCL) for adult patients with relapsed or refractory disease [41,44,47,49].
According to the ESMO (European Society for Medical Oncology), treatment with CAR-T in
follicular lymphoma can lead to long-term remission in relapsed F.L., but up to date, it is
recommended only for transformed F.L. (which is a registered indication) due to CAR-T
therapy. Right now, treating indolent lymphoma with CAR-T is limited to clinical trials for

refractory or relapsing patients with poor prognostic features [50].

Tecartus CAR-T

The last therapy approved by the EMA and the FDA is brexucabtagene autoleucel
(Tecartus). It is applied to patients with mantle cell lymphoma. The main indication for CAR-
T therapy is relapsed disease after at least two other treatments, including Bruton's tyrosine
kinase (BTK) inhibitor [39,40,51].

Breyanzi and Abecma CAR-T

Therapies that are approved by the FDA but not by the EMA are Breyanzi and Abecma.
There are still considerations about their approval in the E.U.

Breyanzi is a lisocabtagene maraleucel therapy that is indicated for patients with
refractory or relapsed large B-cell lymphoma after at least two lines of systemic therapy.
Indications include DLBCL not otherwise specified (including DLBCL arising from indolent
lymphoma), high-grade B-cell lymphoma, primary mediastinal large B-cell lymphoma, and

follicular lymphoma grade 3B [35].
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The newest CAR-T therapy is idecabtagene vicleucel (Abecma) which was approved
on March 26, 2021. Up to date, it is the only therapy that targets the BCMA (B-cell maturation
antigen) instead of CD19. The indication for Abecma are patients with relapsed or refractory
multiple myeloma, who have received at least four prior lines of therapies, including an
immunomodulatory agent, a proteasome inhibitor, and an anti-CD38 monoclonal antibody [37].

The CAR-T therapy is available in mentioned above commercial CAR T-cell products
or clinical trials. If not candidates for clinical trials, patients with indications for treatment with
commercial products undergo evaluation by financial coordinators with submission to
insurance companies and, in most centers, internal hospital financial clearance. This is

undoubtedly a high internal cost for most hospitals and a challenge they face [11,12,13].

Current limitations, the requirements

Under formal requirements, CAR-T therapy can be carried out only in qualified hemato-
oncology centers with appropriate infrastructure, organizational base, and experience in
hematopoietic stem cell transplantation. These centers only collect biological material from the
patient and prepare it for shipment to the manufacturer's laboratory. Nowadays, in Poland, we
have three centers, one for pediatric patients with acute lymphoblastic leukemia (ALL) and two
for adults patients with ALL and diffuse large B-cell lymphoma (DLBCL) [5].

These hospitals that participate in a CAR-T therapy program must access apheresis for
mononuclear cell collections and cell processing facilities for temporary storage. CAR T cells
also have the potential for severe toxicities, including CRS and neurologic toxicities that require
specialized teams in inpatient and outpatient settings. These include nursing, coordinators,
physicians with expertise in CAR T-cell-associated toxicities, intensivists, and neurologists.
Safe administration of these therapies also requires appropriate education, competencies,
standard operating procedures, processes, and administrative oversight [11]. Therefore, the
hospitals that participate in the program need to be adjusted to do apheresis for mononuclear
cell collections and cell processing facilities for temporary storage. The process can take from
2 up to 4 weeks and after infusion, the patient must stay hospitalised for a week or even more
depending on his response to treatment. Therefore the main disadvantage which comes along
with a CAR-T treatment is a financial matter. Several therapies already available on the market

are expensive, for example, $475 000 for Yescarta and $373 000 for Kymriah. Furthermore,
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when the hospitalization expenses and the costs of drugs are added, the total cost increases t

almost $1 500 000 per patient, making the treatment high-priced [34].

Potential strategies and future perspectives

The CAR-T method was introduced very recently. This therapeutic option was
discovered only six years ago and has been gradually popularizing since then. Currently, there
are only five CAR-T therapies approved by the FDA, and only three of them are used in Europe.
Currently, the CAR-T therapy is used only as second choice or supportive treatment after
systemic therapy in diseases such as ALL-B, DLBCL, FL, MCL, MM, or PMBCL.

Besides all the indications mentioned above, many other clinical trials of CAR-T
therapy are conducted in the treatment of other types of blood cancer and solid tumors. Up to
date, there are 1253 registered CAR-T clinical trials [52]. China is the leading country with 489
active studies, followed by the USA and the E.U. with 470 and 164 clinical trials. Among all of
them, the status of 560 is recruiting, and 241 studies are completed, which clearly shows us the
dynamics of CAR-T therapy development. Most of the studies focus on categories shown as
"Neoplasms by Histologic Type", "Immunoproliferative Disorders" and "Lymphoproliferative
Disorders", but the diversity of diseases that are considered as a potential indication for CART
is broad. It is not restricted only to neoplasms but also is broaden by viral infections (e.g. HIV)
or the usefulness of CAR-T therapy for patients after strokes. New studies target the CD19 like
currently approved therapies (Kymirah, Yescarta, Tecartus, and Breyanzi) or BCMA (Abecma)
and other receptors or markers such as CD7, CD22, CEA, or GD2. Many clinical trials are
trying to improve CAR-T therapy by connecting it with INF- a or applying dual CAR-T cell
therapy, in which, except for CD19, they are targeting, e.g., CD22 [52].

Thanks to the dynamic progress of clinical trials may contribute to the popularization of
this therapy. As clinical trials progress, this method may become more popular in clinical
practice. Consequently, its demand will increase, and the production of devices for modifying
lymphocytes will decrease. Therefore, ina dozen years, we can expect cheaper and more widely
used CAR-T therapies.

The CAR-T is a revolutionary, highly specialized therapy in cancer treatment, which
outclasses current standard treatments by efficiency and quality of patient life and gives great

hope for future treatment methods. Without a doubt, CAR-T therapy has brought
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haematological malignancies' treatment into a new era. The positive outcome of the clinical

trials gives much promise.
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Introduction

Ovarian cancer is the fifth [1] most common cancer affecting women and the eighth-
most common cause of cancer death [2]. Unfortunately, there are no practical screening tools
or specific symptoms occurring at the beginning of the disease. Therefore, the disease is
recognized in an advanced stage, which increases mortality and morbidity [3.] The risk factors
include family history of breast or ovarian cancer, high BMI, gonadotropic and steroid
hormones, oncogenic and tumor suppressor genes, infertility. There are also factors like
pregnancy, hysterectomy, tubal ligation, and oral contraceptives, which reduce ovarian cancer
risk [1].

Primary treatment of newly diagnosed ovarian cancer includes surgical treatment and
chemotherapy. The main aim of surgical treatment is the tumor's total cytoreduction; therefore,
the operation is extensive: obtaining fluid for cytological study, bilateral salpingo-
oophorectomy, radical hysterectomy, excision of the greater omentum, pelvic and aortic
lymphadenectomy, and appendectomy are made. In addition, it is necessary for proper
determination of the clinical stage. The standard chemotherapy protocol includes 3 to 6 cycles
of platinum (carboplatin or cisplatin) and taxoid (paclitaxel) in 21-day cycles. Unfortunately,
most patients are not sensitive to described first-line treatment, and the second-line
chemotherapy protocol is needed.

The effect of first-line treatment defines the categories of patients:
e platinum-sensitive - recurrence after 12 months since completion of first-line treatment

(33.5% of patients),

e partly platinum-sensitive - recurrence within 6-12 months after completion of first-line
treatment (22.7% of patients),
e platinum-resistant - recurrence within six months after completion of first-line treatment

(22.7% of patients).
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e platinum non-sensitive - tumor progression during first-line treatment (5.3% of patients)
[4].

In the second-line treatment, gemcitabine, doxorubicin, and other combinations are used

[4], but still, the progression-free survival and overall survival are not satisfying; therefore,

some other substances are needed.

Poly (ADP-ribose) polymerases (PARP)

Proteins belonging to the group of poly (ADP-ribose) polymerases (PARP) are
responsible for identifying single-strand breaks in DNA and repairing them using base excision
repair (BER) [5]. Impairment of the proper functioning of BER by PARP inhibitors (PARPI)
leads to the formation of DNA double-strand breaks that cannot be repaired, for example, in
cancer cells homozygous for the BRCA mutation. However, this process can occur without any
problems in non-neoplastic BRCA carrier cells, which, due to their heterozygosity, ensure an
adequate amount of functioning BRCA proteins [6]. On the other hand, sensitization of cells to
PARPi by the presence of BRCA1 and BRCA2 dysfunction causes loss of chromosome
stability, inhibition of the cell cycle, and apoptosis of neoplastic cells [7].

Niraparib is an inhibitor that is mainly directed against PARP-1 and PARP-2 [8]. In
vitro, its activity against neoplastic cells was demonstrated regardless of BRCAL1 and BRCA2
mutations [9]. In addition to the maintenance treatment of epithelial ovarian cancer, niraparib
is approved to treat fallopian tube or primary peritoneal cancer in patients who have achieved
a complete or partial response to platinum-containing chemotherapy [10]. The drug's efficacy
was demonstrated by the randomized, double-blind, placebo-controlled phase 111 trial NOVA
by Mirza et al. Patients in the study group with histologically confirmed serous ovarian cancer
received 300 mg of niraparib daily in 28-day cycles. Among patients with the BRCA mutation,
the study group had a longer progression-free time than the placebo group, 21.0 and 5.5 months,
respectively (HR 0.27; 95% ClI, 0.17 to 0.41). Among the most common adverse effects during
the therapy there were: thrombocytopenia (33.8% of respondents), anemia (25.3%), and
neutropenia (19.6%) [11].

Olaparib, also belonging to PARPI, effectively treats prostate, breast, and pancreatic
cancers [12]. It has been approved in the United States and the European Union for maintenance
therapy in advanced ovarian cancer, thanks to the results of the SOLOL1 study. Patients with

high-grade serous or endometrioid ovarian cancer, primary peritoneal cancer, or fallopian tube
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cancer with the BRCAL, BRCA2 mutation, or both, in whom response to platinum
chemotherapy was partial or complete, have been included in the study. The study group
received Olaparib at a dose of 300 mg twice a day, while the control group received a placebo.
After approximately 41 months, the risk of disease progression or death in olaparib users was
70% lower than in controls. The clinically significant side effects associated with the therapy
include, among others: nausea and anemia [13].

In combination with the anti-angiogenic bevacizumab, Olaparib is currently under

consideration in patients with advanced ovarian cancer as first-line treatment [14].

The programmed death-1 receptor (PD-1), programmed death-ligand 1 (PD-
L1)

The programmed death-1 receptor with its ligands, programmed death-ligand 1, and
programmed death-ligand 2 play a role in inhibiting immune responses and promoting self-
tolerance by modulating T-cell activity, which is essential in cancer immune escape and cancer
treatment [15]. Its role was described in non-small cell lung cancer [16] and in ovarian, cervical,
vulvar and uterine cancers [17]. Lin Wang's study contained 1630 ovarian cancers and analysed
PD-L1 protein expression, which was not associated with tumor grade, clinical stage, lymph
node status, tumor histology, overall survival (OS), and progression-free survival (PFS).
However, the PD-L1 mRNA expression was linked with worse PFS in 1228 patients [18]. The
other study showed that patients with higher PD-L1 expression had significantly worse overall
survival (OS) and progression-free survival (PFS) compared with patients with lower PD-L1
expression [19]. Additionally, the connection between the presence of PD-1/PD-L1 on
monocytes in the ascites and stages of cancer is also described. PD-L1 expression on monocytes
was significantly higher in ovarian cancer than in benign or borderline tumors, suggesting that
PD-L1 expression in the tumor environment is also important [20].

It is why the inhibition of PD-1/PD-L1 expression is expected to have promising
efficacy in the treatment. It can be used in combination with other immune therapy or with
chemotherapy. The monoclonal antibody binding to the PD-1 receptor is called nivolumab. It
releases PD-1 pathway-mediated inhibition of immune response, owing to the antitumor
response, including a possible decreased tumor growth. Twenty patients with platinum-resistant
ovarian cancer were classified to phase Il clinical study with nivolumab in the dose of 3-mg/kg.

The median follow-up period was 11.0 months (3 to 32 months), and the duration of treatment
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with nivolumab was 3.5 months (1 to 12 months). Serious adverse events, such as deep vein
thrombosis or disorientation and gait disorder, were observed in two patients. 2 patients had the
nivolumab administration interrupted because of treatment-related thyroiditis [21].

In the single-arm, phase 2 study, nivolumab was combined with bevacizumab in women
with relapsed ovarian cancer. 18 out of 38 patients have been qualified as platinum-resistant
and 20 - platinum-sensitive; they received medicaments every two weeks. Eleven women had
confirmed a response to nivolumab and bevacizumab. The overall response rate (ORR) in the
platinum-sensitive group was 40.0%, and in platinum-resistant participants - 16.7%. Median
progression-free survival was 8.1 months [22].

Pembrolizumab, a monoclonal antibody to the PD-L1, was admitted in the dose of 10
mg/kg every two weeks to 26 patients with metastatic ovarian cancer in a multicohort, phase Ib
trial. A mediad follow-up duration and a median progression-free survival were 15.4 months
and 1.9 months, respectively. Nineteen patients had treatment-related adverse events, among

which arthralgia, nausea, and pruritus were the most common [23].

TTFields and paclitaxel

Carboplatin might not be the only possible therapeutic option to accompany the
paclitaxel treatment. Alternating electric field therapy, or tumour treating fields (TTFields),
which is an antineoplastic therapeutic strategy utilising low-voltage (1-3V/cm of tissue),
intermediate frequency (200 kHz) alternating electric fields, delivered locoregionally, was
approved for central nervous system tumours by FDA in 2015 and is now considered a potential
ovarian cancer therapy method. A randomized clinical trial conducted by Stupp et al. [24]
showed a significantly longer progression-free period (HR=0.62, 98,7% CI1=0.43-0.89) and
overall better survival rate (HR=0.64; 99,4% CI=0.42-0.98) in 315 glioblastoma patients treated
with temozolomide and TTFields versus 229 patients on temozolomide alone. Furthermore,
combined therapy did not cause any negative influence on health-related quality of life
compared to temozolomide alone, besides local skin itchiness due to the nature of TTFields and
used transducer arrays [25].

Testing the possibility of using TTFields as an element of therapeutic strategy in ovarian
cancer began right after the FDA approval of TTFields for glioblastoma treatment; in 2016,
Voloshin in vitro and in vivo study [26]. The human ovarian cancer cells in vitro displayed

a significant reduction of their quantity after being exposed to the TTFields, especially in
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combination with paclitaxel. The effect was intensity- and frequency-dependent. The optimal
frequency associated with the lowest amount of live cancer cells was 200 kHz. The test of
combined treatment in vivo was conducted using a mice model with implanted MOSE-Lricv
cells. Tumours showed a significant reduction in their luminescence and weight. The initial
results provided the necessary warranty for the analysis during the clinical trial. The
INNOVATE (EF-22) phase I/1l perspective, a single-arm, non-randomized, open-label pilot
trial, was designed to study the safety and preliminary efficacy of TTF along with simultaneous
weekly paclitaxel administration on the recurrent ovarian carcinoma. The results [27] included
no serious adverse effects related to the TTFields besides dermatitis (84% of patients, only one
patient discontinued therapy). In addition, 25% of patients displayed partial clinical response to
the therapy, although the median overall survival was not reached. Due to the TTFields
therapeutic potential and its non-invasive nature, it are expected to be a breakthrough in ovarian
cancer treatment. Its efficacy in combination with paclitaxel in ovarian cancer is currently
researched in phase 3 clinical trial, which is estimated to have been completed in September
2023 (ClinicalTrials.gov Identifier: NCT03940196).

Mirvetuximab soravtansine

One of the suggested therapeutic targets in ovarian cancer is folate receptor alpha (FRa),
whose expression tends to be elevated in epithelial ovarian cancer. An antibody-drug conjugate
mirvetuximab soravtansine (MIRV) utilises it by selectively binding the receptor and delivering
maytansinoid DM4, a tubulin-targeting agent which induces mitotic arrest. After positive
results of in vitro and in vivo animal studies [28] which revealed synergistic antiproliferative
effects of the conjugate and carboplatin or doxorubicin in the IGROV-1 ovarian cancer cell line
in vitro, and improved antineoplastic activity in xenograft mice models in vivo in both platinum-
sensitive and resistant cell lines, several clinical trials began.

The objectives of phase 1 trials were to evaluate the safety, maximum dose, and
preliminary efficacy of MIRV in various setups. The 2017 study [29] included patients with
platinum-resistant ovarian, fallopian tube, and primary peritoneal cancer and showed
manageable safety profile in all patients and high antineoplastic activity in ovarian cancer.
Authors of another 2017 study [30] obtained similar results in solid tumours patients, with the
most pronounced antitumor activity in patients with ovarian cancer. A 2018 study [31] on

MIRV in combination with carboplatin in patients with ovarian cancer, which was platinum-
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sensitive, demonstrated good tolerance of the treatment as well as high activity against cancer.
Similar results were published two years later [32] regarding MIRV combination with
bevacizumab. Further analyses showed the possibility of identification of patients eligible for
the treatment through FRa expression measurements.

Additionally, higher receptor expression turned out to be correlated with the more
significant antineoplastic activity of MIRV [33]. After a promising phase, | studies, the first
phase 111 study [34] did not reach the statistical significance regarding the primary endpoint,
which was appropriate progression-free survival in the intention-to-treat and FRa high
populations. However, the secondary endpoints, including objective response rate, overall
survival, and patient-reported outcome, were met.

Currently, MIRV is designated as an orphan drug in Europe and in the US. It also
received Fast Track designation for patients with a medium to high FRa-positive platinum-
resistant ovarian cancer, after a minimum one, but a maximum of three prior systemic treatment
series. However, as the primary endpoint had not been met during the first phase 3 clinical trial,
the FDA has not granted accelerated approval for MIRV, although several phases 1, 2, and 3

clinical trials are currently underway.

Discussion

The typical first-line treatment of ovarian cancer does not have satisfying results.
Therefore some new substances used in other types of cancer, like Olaparib, pembrolizumab,
TTFields, or others described in our review, can be useful in ovarian cancer therapy. Especially

in patients who are not sensitive to platinum, those therapies may be supportive and life-saving.
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History of the development of psychooncology

Concern for the psychological comfort of cancer patients has always been an informal
part of healthcare. However, the non-medical aspects of care have not always been the subject
of systematic attention or research, and the change of approach was made less than three
decades ago. Since then, the psychological and social impact of cancer has been setting a new
direction for research.

Interest in the psychosocial aspects of cancer has grown steadily along with the
development of knowledge about cancer. The time of 1850-1900 was the beginning of the first
anesthetic operations. Back then, the diagnosis of neoplasm meant inevitable death. The term
"cancer" has not yet been used. From the 1930s, oncology knowledge began to spread among
physicians, and the first federations focused on neoplasm-treatment began to appear. In the
1940s, the first chemotherapeutic drug was introduced into treatment. Folic acid was first used
to treat leukemia. At the same time, both the use and availability of radiotherapy have gradually
increased. These new standards and trends have triggered social optimism and revive the faith
in curing neoplasms. In the 1950s, the first success of chemotherapy was achieved. The first
patient was cured of neoplasia (choriocarcinoma) without surgery and radiotherapy.
Meanwhile, the first research papers on the impact of a cancer diagnosis on the patients' mental
health began to appear.

The 1960s was a time of consistent development and improvement of cancer therapies.
In the United Kingdom, increased efforts have been made to provide more compassionate care

to patients dying of cancer. Cicely Saunders created the first hospice(specialized facility) —
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Christopher's. Hospice in London in 1967. This center focused on improving symptom control
and palliative care for terminally ill patients, including cancer patients. In 1970, Swedish
psychiatrist Feigenberg became interested in psychological care for patients at Radiumhemmet,
Karolinska Institute in Stockholm. As a result, the Psychosomatic Department was established
in 1970, becoming the Psychosocial Department. Finally, in 1992, increased interest in the
psychological, social, and behavioral issues of cancer led to the emergence of a new
subspecialty in oncology: psycho-oncology [1].

Since then, research in this field has aimed to increase our understanding of the
interactions between changes in the body and their effects on the mind. Psycho-oncology
challenges the mechanical view of cancer. A psychological-based therapeutic approach has
become a key tool in the care of cancer patients since the 1990s, improving not only physical
and psychiatric symptoms but also the quality of life. Therefore, psychological care and
psychotherapy for cancer patients should become the standard [2].

Overview of the influence of cancer diagnosis and treatment in

representational groups of patients

The influence of cancer diagnosis on patients presented on the example of ovarian cancer

Ovarian cancer is currently one of the most significant oncological challenges. It is often
diagnosed at a high stage when the prognosis is usually wrong. It is related to non-specific
clinical symptoms in the early stage of the disease, which lead to diagnostic difficulties and the
lack of a specific screening test [3].

After diagnosis, many patients may experience severe fear and dread. Additionally, they
may experience anxiety, powerlessness, as well as irritation, and anger. Some psychologists
define the reaction to the diagnosis among cancer patients as Post-traumatic Stress Disorder
(PTSD). It is related to the immediate life-threatening experience. PTSD occurs when feelings
of danger and anxiety persist with the same strength or even more vigorous intensity for more
than a month, and at the same time, cause significant mental and physical difficulties in personal
or professional relationships. PTSD symptoms most often appear up to 3 months after the
traumatic event [4].

Post-traumatic stress disorder can also occur during or after cancer treatment. It has been
observed that due to the organ dysfunction in ovarian cancer, PTSD is more common in women

aged 40-50 years, of reproductive age and who want to become pregnant [5]. Factors
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predisposing to the development of PTSD in patients with ovarian cancer are the moment of
diagnosis and confirmation of the diagnosis, diagnosis of advanced cancer stage, social and
personal consequences of the disease, prolonged and painful examinations and procedures, long
hospital stays, and cancer recurrence.

Other psychiatric disorders are more frequently observed in women suffering from
ovarian cancer than in the general population, apart from post-traumatic stress disorder.
Oncologists are challenging, especially as their symptoms may be masked or mixed with other
symptoms typical of cancer itself. These disorders can be divided into maladaptive and
neuropsychological (acute and chronic) disorders [6]. A maladaptive disorder is a depressive
disorder that can manifest itself as a hyperactive, hypoactive, or masked disorder and an anxiety
disorder.

Patients with depression developed as a result of cancer usually have more significant
difficulties in making decisions. They tend to isolate themselves from the environment, which
increases the risk of irregular appointments, not following medical recommendations, and thus
decline doctor-patient cooperation (compliance). Among this group of patients, there is a
decrease in motivation and sense of meaning. According to new research, the molecules
produced by cancer cells may be directly involved in the occurrence of depression. Neoplastic
cells secrete cytokines, e.g., IL-1pB, IL-6, IL-10, and TNF-a, which affect the biochemical
pathways of serotonin, a substance whose amount in the body is reduced in depressive disorders
[7]. This sheds light on depression in the course of cancer and encourages further research.

Another important factor that should be taken into consideration in the management of
patients diagnosed and treated with ovarian cancer is anxiety disorder. The moment of
realization of the diagnosis, visualization of the later course of the disease (remission, potential
relapse, progression, termination of causal treatment). They induce a sense of loss of safety in
cancer patients, which causes an increased level of anxiety. It is worth keeping in mind that
with time, especially with the start of oncological treatment, anxiety usually decreases. It may
be a result of the feeling of restoring partial control over the situation, as well as ensuring a
feeling of security from the doctor [8].

Anxiety disorders can be divided into paralysing anxiety, free-floating anxiety, and
anxiety syndrome. Panic disorder is sudden and violent anxiety characterized by short duration
and presence of vegetative symptoms such as pressure spikes, increased heart rate, and
breathing, a feeling of tightness in the chest, and a feeling of sudden breathlessness. This poses

a great threat to the health of the patient because it causes an additional, intense burden on the
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weakened system. The anxiety syndrome covers not only the mental sphere but also the
behavioral and the vegetative-somatic one. It is otherwise known as pathological anxiety
because it exceeds the physiological response. Third, free-floating anxiety causes constant
disorientation in everyday activities and loss of self-esteem. It affects the difficulty in falling
asleep and the occurrence of symptoms from the vegetative system. Moreover, in addition to
the anxiety mentioned above, patients may develop specific phobias that appear during medical
procedures, i.e., claustrophobia during repeated CT or MRI examinations, fear of injections,
etc.

The effects of experiencing fear are ambivalent. On the one hand, they can lead to
destruction and breakdown of the lifeline. They were also supposed to have a positive aspect of
mobilization to action (e.g., cooperation with medical staff, adherence to recommendations,
keeping to the dates of examinations and controls, etc.). One of the interesting phenomena
related to the experiencing of trauma is post-traumatic development [9]. As a result of the
reformulation of the life goals caused by the cancer disease, the patients can start to feel
mobilization, willing action aimed at recovery, mental strength, and determination. Such a
constructive strategy of adaptation to the disease is described in psycho-oncology as a strategy
of the "fighting spirit” [10]. In turn, the adaptive change named "the positive re-evaluation” is
supplemented by process of changes in the current world view and involvement focused on the
more fundamental matters [11]. The choice of a model of coping with the mental aspect of the
disease is affected by: the advance of the disease during the treatment and the stage of cancer
which was diagnosed.

Moreover, it is worth mentioning that the female gender is a risk factor for the
development of anxiety disorders. The number of women diagnosed with anxiety disorders is
greater than that of men. Therefore, it is important to pay special attention to the psychological
support of women suffering from ovarian cancer. The second important fact is that depression

and anxiety disorders are the most common comorbid mental disorders [12].

The impact of testicular cancer on men's mental health

Second cancer that relates to the fragile sphere of intimacy is men's gonadal tumor, i.e.,
testicular cancer. It is currently the second most common type of cancer diagnosed in men aged
15 to 35. The curability of those diseases is high and oscillates around 95% [13]. In Poland, an
increase in the incidence of 5% is observed every year and even 7% among young men. As

morbidity increases, mortality continues to decline [14]. Therefore the male population with
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testicular cancer and that of cancer survivors is constantly increasing. Given this reason, the
mental state of testicular cancer patients and cancer survivors is a noticeable and extremely
important issue in modern psychology and oncology.

The treatment in patients diagnosed with testicular cancer may have some long-term
effects that include infertility, cardiovascular diseases, respiratory failure, and persistent
neurological disorders. These patients are also at higher risk of developing a secondary
neoplastic disease [13]. The diagnosis itself and the prospect of complications can have
a significant impact on the patient's mental health.

There have been numerous studies covering the topic of the mental health and health-
related quality of life of patients with testicular cancer. The conclusions of these studies have
shown that those patients much more often present mental and psychosocial disorders than
physical ones. Patients who suffered from testicular cancer showed a higher level of depression,
stress, and anxiety compared to the general population. However, they were not reflected in the
stage of cancer but were dependent on factors such as the style of coping with stress or the level
of social support the patient was given [15].

Studies have shown that the greater social support the patient received during treatment,
the smaller the observed negative psychological effect of the disease were — these patients had
lower levels of depression and stress [15].

Social support has the strongest correlation with the general mental and emotional state
of patients (mental health-related quality of life), as it facilitates involvement in positive
strategies of coping with stress.

Another very important element correlating with the level of stress is the patient's
sexuality. Research has shown that of all the symptoms described in the QLQ-TC26
questionnaire, the diagnosis, and treatment of testicular cancer have the strongest negative
impact on the sexual functioning of patients. Many of them show no interest in sexual activity,
do not remain active and report that they are not able to talk to their loved ones about sex [15].

The reduced frequency of intercourse increases the level of stress and deteriorates the
general mental and emotional state. It can be influenced by both problems with communication
and the image of one's own body after treatment — especially invasive — orchiectomy. The
patients’ intimate relationships are also affected by their concerns about fertility. Patients with
testicular cancer used fertility tests far more frequently and reported more difficulties in

conceiving a child than in the general population [15].
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When it comes to coping strategies, the strongest negative impact was observed in
patients who perceived themselves to be guilty of the problems they encountered and who lost
faith that they could cope with the disease and its complications (helpless style of coping) [15].
These patients showed a higher level of depression or stress. Such correlation is not unique to
testicular cancer patients but has also been observed in other cancer patients.

The side effects of treatment also affect the level of anxiety and stress in testicular cancer
patients [15]. Their intensification causes a deterioration of the mental state of patients, which
may be related to the recalling of negative emotions that accompanied them during diagnosis
and treatment. They often deteriorate the quality of life of patients and hinder functioning in
everyday life.

A survey of patients who had undergone treatment due to testicular tumours was
conducted. The results of the study showed a high percentage of patients who were in no way
informed about the potential inconvenience related to mental health. Many patients were not
warned about the emergence of stress, depression, or anxiety, even though most of them
declared their willingness to educate and to accept psychological support [16]. Proper education
would enable them to prepare for the treatment process as well as to seek specialistic help
earlier.

It is extremely important to know what we can do to improve the mental state of patients
suffering from testicular cancer and the survivors and thus increase their quality of life.
Cognitive therapy turns out to be effective in changing the way patients deal with stress. Group
therapy or attending support groups also achieve good results as they increase the level of
psychological support [16].

Unfortunately, psychotherapy and seeking psychological help are still stigmatized,
which may stop the patient from seeking specialistic help. Proposing online therapy is worth
considering in that case, as it turns out to be as effective as therapy in the psychotherapeutic
office [15].

Quiality of life and mental health in paediatric cancer patients

After accidents, malignant neoplasms are the second most common cause of death
among children [17].

Leukaemias are the most common childhood malignant neoplasms, while lymphomas

and neoplasms of the central nervous system are ranked second and third, respectively [18].
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The reasons for their development are not fully understood. Nevertheless, it is known
that they are individually specific, and genetic predisposition, environmental factors, and
comorbidities play a large role in their induction [19].

Diagnostic difficulties are caused, among others, by the rarity of cancer in children (1-
1.5% of cancers in the entire population).

In Poland, this means the occurrence of about 1100-1200 new cases per year [20]. In
European countries, there are about 35 thousand new cases of cancer every year among
children, including 15,000 up to 14 years of age, and among adolescents and young adults aged
15-24, an additional 20,000 new cases [21].

It has been estimated that over the last 20 years, there has been a constant number of
new cancer cases in the paediatric population [20].

Considerable advances in the treatment of paediatric cancers and the improvement of
treatment conditions have resulted in the 5-year survival rate (OS-5) reaching almost 70% in
children diagnosed with cancer [22]. When the disease is diagnosed, it is important to establish
proper contact with the patient and his parents. Informing a child about their own health
condition and diagnosis of the disease is a standard clinical procedure. The planned treatment
regimen should be presented. There is also a need to disclose possible side effects and
complications [23]. When intensive therapy is implemented, helping in order to achieve high
survival results, the most common adverse effect is physical deterioration. The patient's
physical condition deteriorates due to the side effects of the therapy. At the same time, the
mental state of the patient worsens. It is related to increased dependence on adults, loss of
control over life, and decreased participation in academic and extracurricular activities. This
translates into a decreased sense of belonging to a community, changes in physical appearance,
and problems in daily functioning. For those reasons, children with cancer have been identified
as a group at risk of difficulties in psychosocial adjustment [24].

Identifying children who experience failure to adapt to the situation they have found
themselves in because of a diagnosis of cancer is a clinical task that can have a large impact on
treatment outcomes [25].

Numerous stressors related to cancer diagnosis and treatment may influence the
development of abnormal adaptation mechanisms and poor functioning of children in various
areas of life. Assessing cancer patients for problems in adjusting to the situation requires
a multi-faceted approach. Screening children for difficulties in cognitive, behavioural, and

affective functioning can help physicians decide if they need further evaluation and choose an
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appropriate treatment regimen. Identifying factors associated with poor adjustment in children
and adolescents with cancer may further facilitate the treatment of these children. That is why
a multidisciplinary approach is so important [23,24].

The presence of psychologists, social workers, and psychiatrists in paediatric cancer
departments raised awareness of the challenges faced by children with cancer. The introduction
of psychological care into the standards of paediatric oncology centers allowed for
appropriate education of patients on how to deal with isolation, hospitalization as well as pain
and suffering associated with therapeutic procedures [25].

Several researchers have demonstrated in their clinical studies behavioural and
emotional disorders in children treated for cancer, manifested by increased anxiety, depression,
and withdrawal [24].

It has been shown that the risk of death in depressed cancer patients was 1.2 times higher
than in patients without depression [26].

Moreover, difficulties in achieving mental well-being have been documented in children
who also discontinued treatment [24].

The presence of specialized personnel helps in finding systemic solutions aimed at both
parents and children. This helps in the functioning of the whole family, of which the child is an
inseparable element [25].

In the multifaceted approach to the disease, the role of expert psychologists who would
help families examine and deal with difficult problems is important. They would explain how
to deal with difficult emotions related to diseases that threaten a child's life and future. Due to
the young age of paediatric patients, the prospect of cancer-free adulthood differs significantly
from that of their peers. Many forward-looking aspects are taken into account, the knowledge
and understanding of which is necessary to plan the next course of action. Patients must be
aware that the previous neoplastic treatment and possible co-occurring genetic defects and
family conditions at a later time may affect the development of secondary neoplasms. Possible
complications of intensive treatment, such as cardiotoxicity or endocrine disorders, which may
result in the need to take medication for life, impaired daily functioning, or even disability,
should also be taken into consideration [27].

An important aspect of future adult life is also the preservation of the child's fertility
and the decision to freeze the germ cells [28].

The main goal of psycho-education and psychotherapy is to restore the psychosocial

functioning of sick children. To normalize the patient's future life, efforts should be made to
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educate both the child and his relatives [23].

The impact of cancer on the well-being and mental health of patients

For many patients, neoplastic disease is a very traumatic experience. Both the moment
of diagnosis and the course of the disease may significantly affect and suddenly change the
patient's lifestyle and quality of life. The studies carried out on the mentioned three groups of
patients have shown the great impact on the mental health of the diagnosis of cancer. The
diagnosis of a life-threatening disease, like cancer, maybe the cause of an acute stress reaction,
which may even lead to the development of post-traumatic stress disorder or depressive
disorders (29). Patients who have overcome their neoplastic disease have an over 1.5 times
greater risk of developing post-traumatic stress disorder than the control group. Furthermore,
relatives and caregivers of cancer survivors achieve similar results in their incidence of post-
traumatic stress disorder [31]. The presented data on the risks associated with mental health in
cancer patients suggest that every cancer patient should be covered by psychological care.

Cancer can significantly affect the patient's relationship with their body and their self-
esteem. Exercise, appearance care, and positive thinking are recommended [29].

The help of psychologists and psychotherapists is essential for mental health. Decreased
motivation of the cancer patients causes a worse response to rehabilitation and dietary advice.
Therefore, proper attitude and psychological support are the basis for increasing the patient's
well-being. Fear, anger, being out of control, and helplessness can get stronger with the
progression of the disease. Consultation with the specialist seems to be key to finding
appropriate forms of coping with emotions. Family and society also have a huge impact on the
process, but in the case of the first group, awareness of the emotional strain on its members is
necessary [30].

The feelings of anxiety and depression are more common in the patient's family members
than in the control group. Lack of support from other relatives may even lead to suicidal
thoughts in the caregivers. This is the reason why various types of aid programs, facilities
allowing for finding an additional caregiver, flexibility of working hours, and understanding in
the place of employment have significant importance [32].

Summarizing the results of all mentioned studies is no doubt that the psychological care
offer for cancer patients and their families should be expanded. Thanks to this, the process of

treating patients will be more holistic, according to the latest WHO definition of health,
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disease or disability.
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Introduction

Health prophylaxis is the most effective way to reduce the incidence of diseases. The
knowledge of factors predisposing to the increase in the incidence of a given disease
directs/defines the activities aimed at maintaining health. There are modifiable (human-
dependent) and non-modifiable factors (not human-dependent, e.g. age, gender, race) [1].

The WHO (World Health Organization) reports that about 15 million people suffer from
a stroke every year. The most common stroke is ischemic (incidence 70-80%), while 20-30%
of the occurring strokes are hemorrhagic strokes. Subarachnoid hemorrhage (SAH) accounts
for 5-7% of all strokes. The venous stroke is the least common as its incidence is 1-5 / 1000
strokes [2]. Death due to stroke is reported in 5.5 million of the world's population [3]. It is also
the leading cause of disability (50% of patients diagnosed with stroke ) and the second cause of
dementia (25% of patients suffering from a stroke). After heart disease and cancer, it is the
leading cause of death among the population of highly developed countries [3,4]. The likelihood
of developing a stroke increases with age. The literature reports that after 55 years of age, it
increases by 50% in the next ten years of life [5].

In people aged 35 - 44, the incidence of stroke ranges from 30 to 120 per 100,000
people per year, at the age of 55-64 the first episode happens in 300 / 100,000, while for the
population aged 65 to 74 years, 670 - 970/100,000 people per year [3,6]. In children, a stroke
occurs with a frequency of 2.5-2.7 in 100,000 people per year and usually affects boys up to 6
years of age. Under 18 years of age, ischemic stroke is less common than hemorrhagic stroke,
accounting for 30-45% of cases [7].

The INTERSTROKE study including 13,447 strokes and an adequate number of
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controls, conducted in 32 middle-income and low-income countries, showed that approximately
90% of strokes involve 10 modifiable risk factors [8]:
1) hypertension,

2) diabetes,

3) heart causes,

4) smoking tobacco,

5) abdominal obesity,

6) hyperlipidemia,

7) lack of physical activity,

8) alcohol consumption,

9) diet,

10) psychosocial stress and depression.

BMI (Body Mass Index) is an indicator of stroke predisposition which is independent
of the effects of hypertension, diabetes, and cholesterol. As BMI is a modifiable risk factor,
preventing stroke may be another benefit of treating obesity. Bodyweight shows a relationship
directly proportional to the occurrence of ischemic episodes of the heart and brain. In addition,
it has an affinity to other factors leading to stroke, including hypertension and diabetes.
However, the data on the overall association of obesity and stroke and the subtypes of stroke
are limited and inconclusive [9].

Diabetes is considered to be an independent factor of stroke, which is underestimated in
diagnostics [10]. The literature shows that the mortality of patients with type Il diabetes aged
45+ increases 6-8 times and by 12 times in hypertension. Moreover, it is emphasized that people
with diabetes are twice as likely to develop atherosclerosis, which directly contributes to
thromboembolic stroke [10].

Too numerous blood clotting factors can cause an ischemic stroke of thrombotic origin.
In order to determine the efficiency of the coagulation system, the prothrombin time (PT) is
used [11]. However, when it is incorrectly selected or conducted, oral contraception affects the
thickness of the blood and may lead to thrombosis [12].

Hemorrhagic stroke may be caused by too high an INR (international normalized ratio)
value [12]. Therefore, considering the above, people taking preparations that affect the
coagulation system are at risk of suffering a stroke.

Cholesterol is a lipoprotein that is part of the cell membranes but is also responsible for
the proper functioning of the circulatory system [13]. There are HDL and LDL fractions. HDL

163



Ischemic stroke prevention

(High-Density Lipoprotein) is high-density cholesterol and is colloquially called good
cholesterol. Its main task is to transport fats from the peripheral tissues, which will be
metabolized [14]. Normal HDL concentration in women should be above 50 mg/dl, and in men
> 40g/dl [15]. The LDL (low-density lipoprotein) fraction is low-density cholesterol and is
commonly known as bad cholesterol. The acceptable level of LDL is 115mg/dl (3.0 mmol/l)
[15,16]. Its task is to transport fat particles to the peripheral cells [17]. Because it distributes
lipids throughout the body, it causes plaque formation. The cholesterol level depends on, among
others, physical activity and diet [18,19]. Dyslipidemia causes atherosclerosis, coronary artery
disease, and stroke [13]. Triglycerides (TGs) are fat molecules that have two important
functions in the human body. The first is providing energy for the body, while the second is
storing fat molecules in the cytoplasm of the fat cell. Their level should not be higher than
150mg/dl (1.7mmol/l) [15,20]. The risk of an ischemic stroke is that fat cells aggregate on the
atherosclerotic plague, thereby reducing the lumen of a blood vessel. The final effect may be
complete obstruction of the vessel or formation of a thrombus on the atherosclerotic plaque. An
ischemic stroke occurs when a blood vessel closes, caused by a detached plaque or by a blood
clot formed on its surface.

Methods

The author's stroke prevention program consisted of introducing dietary changes, health
education, and an increase in the respondents’ physical activity.

The survey has been running since January 2020. At quarterly intervals, blood pressure,
glucose level, total cholesterol and its fractions, triglycerides, sodium and potassium levels,
prothrombin time (PT), INR, PT activity were measured in each person included in the study.
The exclusion criteria were not applied. The inclusion criterion was age, gender, consent to
participate in the study, residence in the studied commune/town.

The study group consisted of 40 randomly selected women (the test and control group
included 20 women each) aged 40-60 years from the Michatowo Community in Biatystok
district, who had an equal economic and social status. The project was financed from public
funds as part of statutory work No. N/ST/MN/18/003/3310.

Additionally, an interview was collected to complete the proprietary questionnaire

created based on the SF-36 Life Quality Assessment Questionnaire - Polish version. Finally,
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statistical analysis was performed based on the Shapiro-Wilk distribution normality test and the
t-student probability test. The above analyzes were performed in the Statistics program, version
13.3. The analysis performed is a sample, and it is recommended to repeat the study on a large

population.

Results

During the stroke prevention program, the experimental group showed a statistically
significant decrease in BMI values. Table 1 below presents the data obtained with the

correlation between the measurements.

Table 1. Correlation of BMI values between the measurements in the experimental group

GROUP=1

Test T for dependent test

The differences marked are significant with p <,0500

Mean | Standard (Important| Difference | Standard Deviation, t df p Confidence | Confidence
Variable Dev iation difference -95% +95%
BMIO ([29.711C 4.3168
BMI1 [28.139¢ 3.2683 " 20 1.5711 1.4351 4.8959 | 19 | 0.0001  -2.2427 -0.8994
BMIO ([29.711C 4.3168
BMI2 [26.706& 2.6023 " 20 3.0041 2.1997 6.1074 | 19 1 0.0000 -4.0336 -1.9746
BMIO ([29.711C 4.3168
BMI3 [25.4481 2.0149 " 20 4.2628 2.6948 7.0742 | 19 1 0.0000 -5.5240 -3.0016
BMI1 ([28.139¢ 3.2683
BMI2 [26.706& 2.6023 " 20 1.4330 1.0886 5.8866 19 | 0.0000 -1.9425 -0.9235
BMI1 ([28.139¢ 3.2683
BMI3 [25.4481 2.0149 " 20 2.6917 1.5573 7.7296 | 19 1 0.0000 -3.4206 -1.9628
BMI2 [26.706¢ 2.6023
_BMI3 25.4481 2.0149 " 20 1.2587 0.8594 6.5495 | 19 4 0.0000 -1.6609 -0.8564

BMIO - measurement before the implementation of the prevention program; BMI1-3- measurements at 3-month
intervals

The control group showed no statistically significant changes. Table 2 below presents
the data obtained.

The above data are presented in the form of histograms (Figs. 1 and 2). In the test group,
both the body weight and the deviation from the mean value decreased. In the control group,
the graphs overlap, and no significant changes can be seen.

Another positive result of the health prophylaxis was an increase in HDL value and a
reduction in LDL. LDL values dropped significantly in the experimental group. However, in

the control group, they remained at a similar level or slightly increased in most cases.

165




Ischemic stroke prevention

The graphs below (Figs. 3 and 4) present the individual test results. Additionally, the
threshold of the maximum acceptable value is marked. LDLO - measurement before the

implementation of the prevention program; LDL1-3- measurements at 3-month intervals.

Table 2. Correlation of BMI values between measurements in the control group

GROUP=2

Test T for dependent test

The differences marked are significant with p <,0500

Mean | Standard |/Important | Difference |Standard Deviation, t df p Confidance | Confidance
Deviation difference -95% +95%

Variable
BMIO |27.0517 | 5.8633
BMI1 ]27.2559 5.9013 || 20 -0.2042 0.6448 -14161 | 19 0.1727 -0.0975 0.5060
BMIO |27.0517 | 5.8633
BMI2 127.339% 5.5406 || 20 -0.2878 1.0797 -11923 | 19 0.2478 -0.2174 0.7932
BMIO |27.0517 | 5.8633
BMI3 27599 5.7843 || 20 -0.5477 1.2299 -19917 19 0.0609 -0.0278 1.1234
BM 1 27.2559 | 5.9013
BMI2 127.3396 5.5406 || 20 -0.0836 0.7709 -0.4850 19 0.6331 -0.277 0.4444
BM 1 27.2559 | 5.9013
BMI3 127.5995 5.7843 || 20 -0.3435 0.9076 -1.6926 19 0.1068 -0.0815 0.7683
BM 2 27.33% | 5.5406
BMI3 |27.5995 5.7843 || 20 -0.2599 0.9011 -1.2898 19 0.2125 -0.1618 0.6816

BMIO - measurement before the implementation of the prevention program; BMI1-3- measurements at 3-month
intervals

Weight 0 = 20*5*Marmal{Mean=79.15; Sigma=12.3423)
Weight 1 =20*5*M ormal(Me an=75.0; Sigma=9.9366)
Weight 2 = 20*5*Mormal(Mean=71.15; Sigma=7.89622)
Weight 3 =20*5*M ormal(Me an=67.58; Sigma=6.5903)

Weight 0: SW-W=029056, p=0.0526
Weight 1: SW-W=09131,p=0.0729
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Figure 1. Graph of body weight in the experimental group over the period of 9 months
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Weight 0 =201 0*Marmal({Mean=73.2; Sigma=16.1297)
Weight 1 =201 0*Marmal{Mean=73.7; Sigma=15.8715)
Weight 2 = 20710*MNormal(Mean=73.95; Sigma=14.9542)
Weight 3 = 2010*Normal(Mean=74.65; Sigma=15.7356)

Weight 0: SW-W = 0.8764; p = 0.0152
Weight 1 SW-W = 0.8948; p = 0.0329
Weight 2 SW-W = 0.8181; p = 0.0908
Weight 3 SW-W = 0.9090; p = 0.0610
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Figure 2. Graph of body weight in the control group over the period of 9 months
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Figure 3. LDL value in the experimental group over the period of 9 months
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Figure 4. LDL value in the control group over the 9-month period

The HDL values were proportionally related to the LDL values, i.e., they increased in
the experimental group and decreased in the control group. In order to observe the 9-month
change, the data obtained are presented in the diagram. HDLO - measurement before the
implementation of the prevention program; HDL1-3- measurements at 3-month intervals.

The value of triglycerides is one of the assessments of atherosclerosis risk in the form
of atherosclerotic plaques. The TG values are shown in the charts below- fig. 7 and fig.8. It can
be observed that they did not change statistically significantly over the nine months. TGO -
measurement before the implementation of the prevention program; TG1-3- measurements at
3-month intervals.

The values of blood clotting indices did not change statistically significantly in the study
group and in the control group during the entire study. The results were within the range of
normal values for healthy people.

Moreover, correlations between the increase in the blood glucose level and the increase
in body weight were observed at the significance level of p <0.05. The graph below (Fig. 9)

illustrates the quarterly change in blood glucose in the experimental group.
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Figure 6. HDL value in the control group over 9 months
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Figure 7. The value of TG in the experimental group over the period of 9 months
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Figure 9. Fasting blood glucose levels in the experimental group over the 9-month period

Table 3 below shows the lack of a statistically significant correlation between blood
glucose levels and body weight.

Table 3. Correlation of blood glucose values and body weight in the experimental group at
quarterly intervals

The marked correlation coefficients are statistically significant at p<.050
Variable Weight O Weight 1 Weight 2 Weight 3
Glycemia 0 0.0436 0.0628 0.0287 0.0358
Glycemia 1 0.0510 0.0638 0.0178 0.0309
Glycemia 2 0.0141 0.0104 -0.0238 -0.0127
Glycemia 3 -0.0068 -0.0201 -0.0334 -0.0104

Different values were obtained in the control group. The obtained data are pregented
below - Fig. 10, Tab. 4.

The value of systolic and diastolic pressure was analyzed. In the experimental group,

most of the respondents reported a significant decrease in the values of systolic and digstolic
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blood pressure. However, five patients had an increase in systolic blood pressure (by
a maximum of 10%) after three months, regardless of the diastolic pressure value. In most cases
in the control group, an increase systolic (up to 20%) and diastolic (up to 25%) pressure was
found.. Graphs (Fig. 11-14) illustrating the data obtained are presented below.

It is worth underlying that the correlation between the increase in the systolic to diastolic
pressure in both groups is statistically significant at the level of p <0.05.

The obtained data divided into the study and control group were distributed as follows:
e Study group: systolicO: diastolicO: 0.6569; systolicl: diastolicl: 0.6375; systolic2:

diastolic2: 0.5818; systolic3: diastolic3: 0.4963
e Control group: systolicO: diastolicO: 0.9218; systolicl: diastolicl: 0.8981; systolic2:
diastolic2: 0.9186; systolic3: diastolic3: 0.8707.

It was checked whether there was a correlation between the change in the systolic blood
pressure value and the level of weight loss during each control. The data obtained showed no
statistically significant (p> 0,05) relationship in the value of body weight and systolic pressure
in the experimental group: weightO: systolicO -> 0.1826; mass1: systolicl — 0.1420; mass2:
systolic2 -> 0.0831; mass3: systolic3 -> - 0.0168.

140
Glycemia 0: r=0.5852; p = 0.0067; r?2=0.3424p
130 | Glycemia 1: r = 0.5753: p = 0.0080; r2 = 0.3310}
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Figure 10. 9-month fasting glucose level in the control group
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Table 4. Correlation of blood glucose values and body weight in the control group at quarterly
intervals the marked correlation coefficients are significant at p<.05000 variable Mass 0, Mass
1, Mass 2, Mass 3

The marked correlation coefficients are statistically significant at p<.0500
Variable Weight 0 | Weight 1 | Weight 2 | Weight 3
Glycemia 0 0.5159 0.5071 0.4869 0.5144
Glycemia 1 0.4605 0.4560 0.4485 0.4693
Glycemia 2 0.5207 0.5106 0.4916 0.5216
Glycemia 3 0.3955 0.3890 0.3730 0.4227

15%
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5%

M increase in 1 systolic
0% . i .
M increase in 2 systolic

value [%]

W increase in 3 systolic

-5%

-10%

-15%
no. of the questionnaire

Figure 11. Graph of changes in the value of systolic blood pressure from the initigl value in the
study group
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Figure 12. Graph of the decrease in systolic blood pressure from the initial value|in the control
group
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. Graph of the decrease in diastolic blood pressure from the initial value in the control

In the control group, the results were statistically significant (p <0,05): weightO: systolicO

->(0.5800;
e Th

massl: systolicl — 0.5696; mass2: systolic2 — 0.5362; mass3: systolic3 -> 0.5424.

e situation was repeated during the analysis of the relationship between the diastolic

blood pressure and the body weight. No statistical significance (p> 0.5) was found in

the study group: systolicO -> 0.2781; massl: systolicl — 0.2639; mass2: systolic2 —

174




Ischemic stroke prevention

0.2497; mass3: systolic3 -> 0.1000. In the control group, the results were statistically
significant (p <0,05): weightO: systolicO -> 0.6558; mass1: systolicl - 0.6592; mass2:
systolic2 -> 0.6044; mass3: systolic3 -> 0.6851.

e Interestingly, a statistically significant correlation at the level of p <0.05. Was

established between the increase in systolic to diastolic blood pressure in both groups.

Table 5. Summary of the systolic and diastolic blood pressure of the entire population by
quarterly division

The marked correlation coefficients are significant at p <.0500
Variable DIASTOLIC 0 | DIASTOLIC 1 | DIASTOLIC 2 | DIASTOLIC 3
SYSTOLIC 0 0.8292 0.792¢€ 0.7934 0.700¢
SYSTOLIC 1 0.809< 0.814z2 0.8194 0.735¢
SYSTOLIC 2 0.818¢ 0.818t 0.8457 0.7694
SYSTOLIC 3 0.7964 0.7972 0.8414 0.783¢

The study population throughout the experiment had normal sodium (135-146 nhg / dL)
and potassium (2.5-5 mg/dL) levels. The dependence of the change in heart rate on the yalue of
systolic and diastolic pressure was compared. In the study group, a correlation was optained
between the values of systolic blood pressure and pulse at the significance level of g <0.05,
while a statistically significant correlation of both systolic and diastolic pressure about tlje pulse
value was obtained in the control group. In the experimental group, the blood presspre and
heart rate values were regulated. The systolic blood pressure decreased directly to the pulse
rate, and the diastolic blood pressure decreased irrespectively of the systolic blood presgure and
HR. On the other hand, the increase in the systolic and diastolic pressure ingreased
proportionally in the control group, as did the pulse value. The correlation was in the rpnge of
0.56-0.78.

During the nine months, no statistically significant change in the TG level was opserved
in the study and control groups (p> 0.05). In both groups, the value of triglycerides has a
statistically significant and directly proportional (correlation 0.6) effect on the systolif blood
pressure level and the total cholesterol level. In the experimental group, the values de¢reased,
while in the control group, they increased. In the experimental group, correlations between the
values of LDL and total cholesterol were observed. There was no correlation between :LL and
total cholesterol. In the control group, the value of LDL increased proportionally and
statistically significantly with the total cholesterol level with a simultaneous decrease {n HDL
(the value was not statistically significant). The data obtained are presented below (Tlables 6
and 7).

175




Ischemic stroke prevention

Table 6. Correlation of LDL and HDL with respect to total cholesterol in the experimental
group

The marked cefficients of correlation are significant at p < .0500
Variable | CHOLESTEROL 0 [ CHOLESTEROL 1 [ CHOLESTEROL 2 | CHOLESTEROL 3
LDL O 0.6252 0.5843 0.5543 0.4813
LDL 1 0.5776 0.5848 0.5646 0.5008
LDL 2 0.4978 0.5172 0.5228 0.4646
LDL 3 0.4875 0.5211 0.5428 0.5086
HDL O 0.0052 0.0659 0.1025 0.0961
HDL 1 0.0169 0.0814 0.1126 0.0971
HDL 2 0.0154 0.0687 0.1060 0.1092
HDL 3 0.0174 0.0621 0.0989 0.1219

Table 7. Correlation of LDL and HDL in relation to total cholesterol in the control group

The marked cefficients of correlation are significant at p < ,0500
Variable | CHOLESTEROLO | CHOLESTEROL1 | CHOLESTEROL2 | CHOLESTEROL 3
LDL O 0.9802 0.9838 0.9766 0.9466
LDL 1 0.9377 0.9599 0.9594 0.9449
LDL 2 0.9071 0.9407 0.9536 0.9570
LDL3 0.8338 0.8855 0.9145 0.9480
HDL 0 -0.3717 -0.3635 -0.3706 -0.3847
HDL 1 -0.3831 -0.3795 -0.3863 -0.4017
HDL 2 -0.2838 -0.2869 -0.2969 -0.3235
HDL 3 -0.3045 -0.3128 -0.3272 -0.3581

In the experimental and control groups, no statistically significant (p> 0.05) corrglation
was found between the values of LDL and TG, and LDL and glycemia, althoughlin the
experimental group, the values of LDL, glycemia and TG decreased and increased in the gontrol
group. Markedly, proportionality was maintained in the increase in LDL level, decrgase in
HDL, and the increase in the body weight in the control group, in contrast to the experimental
group. No correlation was found at the level of statistical significance of the above valiables.

Table 7 below presents statistically significant data obtained in the control group.

Table 8. Correlation of body weight and LDL level in the control group

The marked cefficients of correlation are significant at p < ,0500

Variable | 1pro [ 1pDl1 [ iDt2 [ 1DL3 [ HDLO [ HDLT [ HDL2 | HDI3
Weight 0 0.4998 | 0.5016 | 0.4928 0.4612 -0.5102 -0.5255 |-0.5311 |-0.5396
Weight 1 1 0.4694 | 0.4841 0.4777 | 0.4497 -0.5197 -0.5459 -0.5551 -0.5562
Weight 2 [0.4431 0.4654 0.4642 0.4433 -0.5084 -0.5392 -0.5556 -0.5619
Weight 3 | 0.4298 0.4610 ' 0.4701 0.4689 -0.5170 -0.5470 -0.5680 -0.5771

At the end of the experiment, the proprietary patient satisfaction questignnairg

was conducted, which showed that all people in the experimental group felt a significant
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improvement in their well-being and health condition. However, they were unsure if they would
maintain their new life habits, as 60% of family members showed no willingness to support the
change. In addition, the control group described their condition as average in 75%, 15 people -

as worse, and two people - that they did not notice any changes.

Discussion

In 1974, the Canadian health minister introduced health dependencies in the form of
"health fields." Health condition is determined mainly by lifestyle (50%), physical and social
environment (20%), genetic factors (20%), and health care (10%) [21].

Lifestyle includes physical activity, diet, and exposure to stressors. In analyzing the
factors of stroke, they all influence its development. It is also observed that a high body mass
index (BMI) may increase the risk of ischemic stroke [9]. Another parameter is the ratio of the
length of the hip belt to abdominal obesity (but not with BMI) or has no relationship [22-23].
As a result, being overweight is not included in the prognosis of stroke risk, nor is it listed as a
significant risk factor for stroke by the National Institutes of Health or the American Stroke
Association [24,25]. However, obesity is listed as a key modifiable risk factor for stroke in the
American Heart Association guidelines [26].

It is emphasized in the literature that during controlled physical exercise, the tendency
to aggregate blood cells decreases, HDL increases. In contrast, LDL decreases, which results
in a 27% decrease in the risk of stroke and death [19]. The study group showed a significant
decrease in weight, increased HDL levels, and decreased LDL. However, there was no
correlation between weight loss and the decreased LDL levels. In contrast, in the control group,
in which a correlation between the increase in the level of "bad" cholesterol and the increase
in the body weight was shown.

Interestingly, a slight change was determined in the value of TG in the study and control
group. The professional literature emphasizes that TG should decrease together with a decrease
in LDL and an increase in HDL [13]. In our research, because no abnormalities were observed
in the INR before the experiment, the impact of a stroke prevention program on the level of
blood coagulation could not be assessed.

By performing aerobic exercise for 30 minutes 3-5 times a week, patients at risk of CVD
reduce the likelihood of suffering a stroke by 15% [27]. In addition, the study participants had
two of the following diseases: hypertension, diabetes, and atherosclerosis. The stroke
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prevention program consisted in participating twice a week in 60-minute aqua fitness classes
conducted by a qualified instructor. In the professional literature, this form of training is
significantly better than exercise, for example, in the gym [28]. The most important advantages
of the above include teamwork, cooling the body during exercise, and the work of many muscle
groups de-stresses and improves the functioning of the circulatory and respiratory systems.
Moreover, Kinet confirms that exercise in the water — aqua aerobic improves physical fitness
and reduces CVD risk [18].

One of the most beneficial diets for vascular diseases is a vegan or Mediterranean diet.
Switching from saturated fatty acids to EFAs or complex carbohydrates reduces the relative
risk of stroke by 25% [29,30]. It is recommended to consume about 30 grams a day of walnuts,
hazelnuts, or almonds, but in a natural form, without adding spices [16].

The level of glycemia also has a significant impact on the development of stroke. As a
result of glycogenogenesis, sugars are transformed into fat particles, consequently increasing
the level of lipids [31]. Carbonated drinks are sweetened and significantly affect blood sugar
levels, so it is recommended to replenish/supplement liquids with mineral water with low
sodium content. In the present study, a clinical dietitian created a diet that the experimental
group introduced. It contained five balanced meals, which consisted of products chosen by
people from the study group as the ones they like and use in everyday life. For the dietitian's
copyright reasons, it has not been described in this article. However, it was based on the
guidelines mentioned above.

The data obtained confirm that diet and physical activity significantly affect the level of
blood pressure. The above was also confirmed by Nagashima [32]. Interestingly, in the study
group, there was a correlation between the decrease in the heart rate and the decrease in the
systolic blood pressure, but there was no correlation between HR and DBP. On the other hand,
there was a correlation between the increase in the parameters such as heart rate and systolic
and diastolic blood pressure in the control group. The literature data suggest that blood pressure
should increase with increasing heart rate [33]. The results in the control group also confirmed
the above results. Pilis et al. [34] observed that physical activity and a rational diet positively
influenced glycaemia. The data obtained from the studies conducted show that glycemia is
normalized among women in the study group. However, no correlation was found between the
glycaemia value and LDL, HDL, and TG in the control and experimental groups. The literature
confirms that LDL levels decrease and HLD levels increase due to weight loss, with the
simultaneous normalization of blood sugar levels [35-36]. In the present study, it was found
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that the blood glucose level was normalized in the group that actively participated in the stroke
prevention program after the experiment.

The emotional state affects the entire body. Stress, aggression, disapproval, and
rejection are potent stimuli that affect the behavioral and hemodynamic zones. Negative
emotions cause the vascular endothelium to form atherosclerotic plaque on its surface. On the
other hand, secondary hypertension is caused by the release of catecholamines and cortisol and
stimulated macrophages to intensify the inflammatory process and increase blood cells’
aggregation [37,38].

The examples listed confirm the definition of health provided by WHO, i.e., "health is
not only the complete absence of disease or disability but also the state of complete physical,
mental and social well-being" [4,39]. Furthermore, this definition explains that the focus should
be on enhancing health through prophylaxis (disease prevention) and not solely on treatment.

Summing up, the prevention of stroke has a significant benefit for people at risk of the
disease, to prevent its occurrence (primary prevention), and for people who have had an episode
of stroke (secondary prevention). The current state of knowledge indicates the significant and
constantly growing importance of non-pharmacological activities undertaken as part of primary
prevention of stroke, which is complementary to pharmacological therapy and an equally
important area of intervention. The first one is mainly related to the minimization of risk factors.
Methods of non-pharmacological prevention include, on the one hand, appropriate targeting
and the introduction of the patient's regular activity. On the other hand, the need for early and
common education on the purpose, scope, and benefits of introducing the broadly understood
principles of a healthy lifestyle. In secondary prophylaxis and pharmacological treatment,
a broadly understood lifestyle modification is essential, which helps to control better individual
risk factors. It should also be remembered that an effective form of lowering diseases involves
support from the family and loved ones. They motivate each other to control their lives.
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Introduction

It has already been over a year since the beginning of the Pandemic caused by the SARS-
COV-2 virus, which causes COVID-19 disease. During this time, life around the world has
changed so radically; nobody could expect such change at all. A significant part of the business
moved to the cloud network - people are working more and buy morefrequently online.
Similarly, it happened also in education. As a result of the closure of schools and universities,
students remained at homes, at their desks, learning remotely.

Social changes that are currently happening have become a subject of interest in various
scientificenvironments. There is innumerable research in many areas - economics, psychology,
medicine. One of the often-undertaken topics is the problem of addictions in the face of the
prevailing Pandemic.

How do people deal with these at an additional burden that a virus and Pandemic is
causing?

Is the number of addicted people increasing or decreasing?

Are the existing problems deepening?

More and more publications on people's general health during the Pandemic and how it

changes due to slowdown caused by a threat resulting from a virus, closing peopleat home and
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reducing social contacts to a minimum.

We will not get a thorough answer to such questions just yet. For now, we can try to find
theoverall direction of changes and problems that may result from the Pandemic. In the
presented work, we focused on the description of the discussed phenomena and analysis of the
survey conducted among students of medical universities — which allowed us to indicate that
the problems also apply to people associated with health protection. It is necessary for society
and its leaders to be aware of brewing issues — they can turn into an unpleasant surprise if we

do not deal with them efficiently. These problems affect all of us.

Alcohol

Alcohol hurts the functioning of the immune system on many planes. Inthis topic, its
excessive consumption must make it easy for respiratory diseases, including pneumonia,
tuberculosis, or acute respiratory failure, todevelop [1]. We must not forget that this group of
diseases also includes COVID-19.

Alcohol abuse 'works well" with loneliness, the requirement to maintain social distance,
and even a false belief on the effectiveness of alcohol as a cure for the disease. For example,
the aftermathof belief described above was that some thought alcohol consumption could
protect against coronavirus infection. However, drinking alcohol does not destroy the virus
and hurts the immune system. Instead, it uses high-percent alcohol - at a concentration of
a minimum of 60% - which can be used to disinfect the surface [1].

The first study on alcohol consumption during the SARS-COV-2 Pandemic was carried
out in April 2020 and covered several hundred Poles [2]. The respondents were assessedbased
on recognized tests, including the Audit test developed by the WHO (Screen Testdetecting
alcohol problems), PSS 10 questionnaire (assessing the level of stress), or a Mini- Cope
questionnaire (assessing strategies to deal with stress). It turned out that almost 30% of
respondents changed their habits - 16% drank less alcohol, and 14% consumed more compared
to the pre-Covid-19 period. On the other hand, nearly 30% of respondents consumed alcohol
in excessive amounts, which significantly exceeds the current percentage of this phenomenon
in our country.

The increase in alcohol consumption in response to crises is a well-known phenomenon.
They were observed both after the passage of Hurricane Katrina or after attackson the World

Trade Center and during the economic crisis in 2007-2009. Epidemic also includes this trend,
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which indicates a significant increase in alcohol consumption in Asiacountries during the
SARS epidemic of 2003 [3].

What are the causes of this behavior? It turns out that people who enjoy larger amounts
of alcohol during the Pandemic have already been drinking excessively. Significantly, these
people rarely or never developed positive strategies to deal with stress, reaching for various
stimulants instead. Conclusion This has a direct relationship between mental disorders
development, which has a base of an anxiety caused by fear of infection, lockdown, a sense of
loneliness during isolation, and fear of financial problems. However, the intensity of changes
in the psyche during the Pandemic is different - from disorders of concentration and insomnia
to anxiety or depression disorders. The results of research conducted in GreatBritain, the USA,
and Greece are also alarming, which showed that during Covid-19 Pandemic the suicides

increased by as much as 60% [3].

Smoking

The uncontrollable Pandemic and unpredictability related to COVID-19 led to tangible
health, social and economic consequences. Life in uncertain times and the loss of existing life
stability directly translate into increased stress. A combination of prolonged anxiety,
limitations of living space, and social isolation causes an increase in interest in various types
of stimulants, including tobacco products, as a way of coping with constant stress caused by
apandemic [4].

It has been shown that smoking is associated with a worse Covid-19 response. For
smokers, there is a more frequent need for hospitalization, and the risk that the condition of
such people in the course of the disease will be heavy or critical is twice as high as in people
whohave never smoked [5]. Therefore, it would seem that understanding the consequences of
smoking cigarettes in the era of Covid-19 could serve as an excellent motivation to stop
smoking. On the other hand, prolonged stress does not promote breaking with addiction and
even causes areturn to addiction among people who have already managed to stop.

Despite the relatively short duration of the Pandemic, several research on the influence
of COVID-19 on habits related to cigarettes and smoking have already been carried out. For
example, in Poland, 45.2% of smokers began to smoke more, 40.0% did not notice any change,
and 14.8% were not sure if a change in their habits occurred [6].

According to the Belgian team under the leadership of N. VVanderbruggen, analysis based
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on 3632 subjects revealed that15.4% were smokers before the burst of the Pandemic. 1% of
the entire group of respondents ceased smoking, and 0.9% of the same group started smoking,
even though they had never smoked before. 7.4% of the respondents began to smoke more;
for comparison, 2.5%, admitted that during the Pandemic, they smoked less. An age, a kind of
work, and education remained relevant in the test study. It has been shown that younger people
smoked more. When people with higher education were accepted as a reference group, the
studies showed that people holding a doctorate were 76% less inclined to reach for cigarettes,
while people with lower education smoked much more frequently. The most significant
tendency tothe increased smoking was with people with vocational education. The chance of
starting smoking / increasing their habit was more than twice as high as in the reference group
[7].

J. Bombele et al. conducted a study among Danish smokers and showed that more
respondents increased smoking (18.9%) than the reduced (14.1%) in connection with the
Covid-19 Pandemic. For these two groups, motivations were extremely different. Among
those limiting smoking, the main reasons for reducing the addiction were the desire to be
healthier (32.3%), more time being spent in loneliness (27.7%), the desire to have healthier
lungs (20.7%). As an argument for an increase in smoking, the answers smokers gave the most
frequently were boredom (48.6%), increased perception of stress (43.2%), and more time spent
in loneliness (36.6%) [8].

These arguments largely coincide with research carried out in Belgium. In contrast,
three main reasons for increased cigarette smoking were boredom, no contact with others, and
the loss of the existing structure of the day [6].

In the current situation, it cannot be determined whether the Covid-19 Pandemic had a
significant impact on cessation or increase of smoking. It became more difficult for many to
break with addictions due to the world-prevailing conditions associated with employment
uncertainty, stress, difficulty mobility, or boredom. On the other hand, some feel more

motivated to break with addiction, and in some, pandemics evokes a demotivating effect [6,8].

Internet

Among addictions, we can distinguish behavioral addictions, i.e., addiction to
performing certain activities that may be a source of pleasure or bring relief to internal

suffering [9]. The development of technology has undoubtedly brought with it many amenities
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in almost every aspect of life and contributed to the emergence of new types of addiction - to
the Internetand its dependencies on social media or online gaming.

The Internet is a particularly attractive tool for young people to communicate with
others, share events from their lives and gain knowledge. Although there is no clear definition
of Internet addiction, there is a loss of control over Internet use, contributing to neurological
and psychological disorders and impoverishing socialization in everydaylife [10]. It has been
shown that excessive use of the Internet is often associated with poor health, not only
physically but also mentally, and is utilized to cope with difficulties and stress in everyday life
[11,12].

It should be emphasized again that the outbreak of the COVID-19 Pandemic led to
a reduction in social contacts, an increase in the feeling of anxiety and stress [13]. A study
conducted among students by Lithuanian scientists showed that as many as 76% of
respondents indicated at least a moderate increase in the time they spend on Internet activity.
Of the students, 45.1% reported being addicted to the Internet, 38.1% reported feelinganxious,
and 43.6% had moderate to severe depressive symptoms. It was noticed that anxiety and
depressive symptoms appeared significantly more often among people who excessively use
the Internet [14].

Another study compared the prevalence of internet addiction during the COVID-19
Pandemicamong Egyptian medical and non-medical students. It found that 51.7% of medical
students were found to be heavily addicted to the Internet, and 43.3% of them were likely to
be addicted. For comparison, 11.3% of students of non-medical faculties were considered

severely addicted, and 68.9% were probably addicted [15].

Survey Analysis

Using an internet form, an anonymous questionnaire was carried out among 83 students
of medical universities. A group of respondents consisted of 58 women and 25 men (Graph
1).

Age distribution was presented in chart No. 2 - 56% of people belonging to the group
were younger than the 23rd year of age, 43% were within limits between 24 and 27 years of
age, and 1% were older (Graph 2).

In addition, 18% of the respondents have already obtained higher education (Graph 3).
Nearly 80% of people were medical students (Graph 4).
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One of the topics discussed in the survey was the intake of alcoholic beverages by
the respondents. Before the explosion of Pandemic SARS-COV-2, 32% of the respondents
consumed alcoholic beverages less frequently than once a month, 16% consumed alcohol once
a month, 42% several times a month, and 10% set them several times a week. The frequency
has changed along with the explosion of a pandemic - the number of survey respondents which
consumed alcohol less frequently than at a time of month dropped to 23%,0nce a month to
11% and several times a week to 8%. On the other hand, Pandemic significantly increased the
number of people who consume alcohol several times a month - from 42% to 58% (Graph 5,
Graph 6).
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Interestingly, 6% of respondents have reduced the variety of alcoholic beverages
consumed, while 20% have increased kind and drink types. The presented data is consistent
with other analyzes - unfortunately, with the increasing duration of the Pandemic the amount
of alcohol consumed by people has also increased. Undoubtedly, we will have to pay for this
as a society by a future increase of detrimental health effects.

The custom of drinking has been reviewed. Before the Pandemic, 92% of the
respondents answered 'no’ when asked if consumption of alcoholic beverages commenced
before noon. However, 4% openly admitted to drinking from the early morning. From March
2020, habits have changed - currently, only 84% of people strongly deny similar practices,
14% simply admit to them (Graph 7, Graph 8).

191



Addictions and habits during COVID-19 pandemic
- their impact on healthcare system

At the same time, as many as 12% of the respondents indicate that they have an alcoholic
drink during classes or remote work. The likely cause may be a sense of isolation and closure,
but it is not easy to review it more closely. Is it a general increase in the amount of alcohol
consumed and subsequently the intensity of problems generated by it, or maybe people
previously constrained by the social framework have lost this barrier? For example, a co-
worker cannot smell the alcohol in the breath if all the work is doneremotely.

In 35% of the respondents, the amount of stress has not changed with the advent of the
Pandemic. On the other hand, 20% of respondents feel calmer than before, while 45% feel

more stressed (Graph 9).

192



Addictions and habits during COVID-19 pandemic
- their impact on healthcare System

Some enjoy isolation — avoiding everyday contact with colleagues,they do not lose time
to commute to classes or work and can relax or spend extra time with family. For others,
reducing social contact is unfavorable and causes discomfort it is a significant group of people.
20% of people look to alleviate their mental tension in consuming alcoholic beverages (Graph
10).

Social isolation and confinement in homes allowed some to focus on personal
development and implement beneficial behaviors into their lives, which could not be done
previously due to lack of time and strength. As many as 54% of respondents claim that with
the developmentof the Pandemic, they have developed a habit that is positive for their health.
At the same time, 45% of them lost weight (Graph 11).
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Summary

With the SARS-COV-2 virus pandemic, the number of identified negative health effects
has increased, previously either poorly understood or insufficiently investigated.Such
subjects are habits and addiction experienced by the people suddenly enclosed in their home,
with limited contact with others.

One of the factors, which is probably the most dangerous in their long-term
effects, isalcohol. As many studies showed, its consumption during the Pandemic
increased. People reach for alcohol more likely, more often, earlier in the day. They use
alcohol to relievestress; they stop responding to requirements of ongoing remote classes or
urgent obligations. A continuous study of this topic is necessary - potential effects may
significantly increasethe load of the healthcare systems that are already suffering from extra
business caused by the pandemics. The phenomenon's scale is difficult to predict - from liver
tumors, pancreas and esophagus, organ cirrhosis, to psychological and psychiatric problems.
All these medicine fields will be meet with increasing demands. The faster the potential
damage willbe estimated, the more efficiently it will be possible to prepare healthcare systems
in individual countries.

The problem of addiction relates not only to chemical substances - a severe threat,
especiallyin the present times, is a behavioral one with the Internet and accompanying
phenomena, e.g.,social networks, mass media, or online shopping is an excellent example.
Society closed in homes due to the prevailing Pandemic, spent a greater amount of time
online. Thiscan lead to various addictions — spending a significant amount of time browsing
countless messages on social networks and online shopping. The scale of the phenomenon is
probably impossible to estimate - many of behaviors have been forced upon society due to
isolation requirements, e.g., purchase of clothes without a visit to the store.

Psychologists' offices may crack in the seams in the future - the right branches of the
health care system must be prepared for it.

Another threat is the reduction of physical activity. Society has been forced to close in
homes within confines of limited space. People stopped to move - the daily number of steps
and the floors taken has significantly decreased - many people were forced to work from home;
similarly, schools began to function remotely.

The need for movement hasbeen reduced — with several stores moving into online

space. In addition, gyms, swimming pools, and other sports centers have been closed for
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exercise is a known factor in developing all civilization diseases, from obesity to diabetes. In

the survey, nearly one-third of the respondents took on weight.

In the future, healthcare systems worldwide will have to face the effects of the SARS-

COV-2 virus pandemic. From the fight against civilization diseases and their complications to

dealing with addiction and psychological and psychiatric problems. Potentially all branches

of medicine stand in the face of a similar threat. Therefore, it is necessary to continuously

explore the observed phenomena and preparing systems for the upcoming load — not yet

defined and quite new — as is this pathogen.
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Abbreviation list
e PIMS-TS- Multisystem Inflammatory Syndrome in Children temporally related
to SARS-CoV -2
e ASS- acetylsalicylic acid
e ADHD- attention-deficit hyperactivity disorderCOVID-19- coronavirus disease 2019

e SARS-CoV-2- severe acute respiratory syndrome coronavirus 2

Introduction

More than a year after the start of the SARS-CoV-2 pandemic, it continues to
significantly affect people's daily lives in most countries in the world.

In Poland, one of the most affected groups are students, who have been forced to study
remotely for months. On May 11, 2020 all classes in Poland were suspended, initially for
two weeks [1], but as a result, students did not return to school until the end of the school
year (June 26) [2].

Theexceptions were the final 8th grade exams and the high school graduation exams,
for which students had to physically appear at schools. In the following school year all
students started in-person classes [3]. However, on October 24 2020 [4], due to the worsening

epidemic situation, schools were closed again. The youngest students (I-111 grades of primary
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school) have returned to in-person schooling on May 4 2021, the rest of them- on May 29
2021 [5]. According to different studies, the sleeping behaviour during Covid-19 pandemic
may change in a variety of ways [6-8]. In relation to home-office work, sleep disruption,
changes in sleep schedule have been reported [6,8].

The effects of COVID-19 and linked with its homeschooling on children are
a relatively unexplored area with limited information available on disease transmission,
mortality, and theburden of symptomatic illnesses in children. Children nowadays have
to struggle not onlywith new ways of learning but also existential fear. VVery few cases were
reported in the first few months of the pandemic. Confirmed cases in children, most of which
were due to close contact with an infected family member. This landscape seems to have
changed in the lastfew months. Up to 20% of confirmed cases were reported in young adults.
That can play a rolein preventing community transmission. On the other hand, it is important
to consider the impact of school closings and closings on the lives of young children.
Alleviate the psychological distress associated with social distancing in young people.

We decided to check if sleeping behaviour has changed among Polish students from

beforethe pandemic and how it manifests.

Aim

The study aims to compare the variety of changes in sleeping of students in Poland
during homeschooling.

Materials and methods

The study included a group of 441 randomly selected school students who participated
in remote classes. One hundred three of the respondents attend primary school, and 338
attend secondary school.

The research was conducted from May 1, 2021, to May 7, 2021, using a proprietary
online questionnaire, created for this study. The questionnaire was publishedon Polish
forums, groups and portals intended for school students. The questionnaire was anonymous
and complied with the current provisions on the protection of personal data. All data obtained

during the study were generalized and used in a collaborative study. The questionnaire
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contained a total of 22 questions. The questions included in the gquestionnaire concerned:
gender, place of residence, type of school and class, hours of falling asleep now and before
the pandemic, number of naps now and before the pandemic and their length, amount of sleep
now and before remote learning, and personal impressions of sleep, tirednessdaily and during
remote lessons.
Excel version 16.48 was used for statistical analysis.

54,3% of the respondents were women, 43,9% were men, and the remaining 1.8% did
not identify with any of the above genders.

The respondents participating in the study most often lived in small towns below
200,000. Inhabitants (36,5%), 33,5% of the respondents lived in the countryside, and the

remaining 30% in large cities with more than 200,000 residents.

Results

328 of 441 (74,38%) surveyed responded that they had experienced a change in sleep
qualitysince homeschooling began, including 192 (58,53%) women, 129 (39,33%) men and
7 (2,14%) persons that determine their sex as "other.” Among them, 208 (47,17%) responders
estimated that their quality of sleep has deteriorated, in contrast to the other 120 (27,21%)
students, who indicated an improvement in sleep quality.

113 responders (25,62%) did not indicate any change in their sleep, including 43
(38,05%) women, 60 (53,10%) men and 10 (8,85%) persons that determine their sex as “other”

(Fig.1).

Figure 1. Change in the quality of sleep among students since the beginning of homeschooling
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There is a statistical correlation between gender (male and female) and the
occurrence ofsleep change (p=0,0105).

70,98%, that is, 313 of surveyed admitted that they do not feel well-rested during
classes.29,02% (128) denied it (Fig. 2).

Figure 2. Feeling of rest during remote classes among students

In the surveyed group, 335 (75,96%) persons answered that they feel constantly tired
duringthe day. The other 106 persons (24,04%) answered that they do not feel tired during the
day (Fig. 3).

Figure 3. Feeling tired during the day among students

What's more, 65,53% (289) of respondents pointed out that they undersleep on a daily
basis.The other 34,47% (152) of them denied that they undersleep every day (Fig. 4).
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Figure 4. Getting enough sleep every day by students that study remotely

The next few questions were related to taking naps. 152 (34,47%) students answered
that theytake naps during homeschooling. Whereas 121 (27,43%) of them had been taking
naps beforethey needed to study remotely. That difference appears to be statistically
significant (p=0,0098).

73 of 152 (48,03%) surveyed that currently take naps admitted that the number of
taken naps in a day had increased in comparison to the situation before home schooling. 38
(25,00%) students pointed out that they take less naps then before home schooling. The other
41 (26,97%) students did not notice any change in the number of naps before and during
remote classes. That difference is statistically significant (p=0,0235).

Figure 5. Change in the number of taken naps among students that currently take naps in
comparison to that number from before the beginning of homeschooling

In the further question, we wanted to see if students suffer from any sleep trouble, and
if so, what their complaints are. 59,41% of surveyed that is 262 people, admitted that they

have different sleep troubles. The most common, with 190 (43,08%) answers, are difficulties
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in falling asleep. The second in terms of the amount is waking up during the night- 131
students (29,71%) pointed out that answer. Other complaints are: insomnia - 104 (23,59%),
excessive sleepiness - 102 (23,13%), excessive sweating during the night- 70 (15,87%),
nightmares — 57 (12,92%), sleep terrors - 47 (10,66%) and nycturia - 27 (6,12%) — Fig. 6.

Figure 6. Variety and amount of sleep complaints among students that suffer from any sleep
trouble

230 (52,15%) respondents answered that they sleep longer in comparison to their
average length of sleep before the SARS-CoV-2 pandemic outbreak. Conversely, 151
(34,24%) students answered that they sleep shorter, and the other 60 (13,61%) students
admitted that their length of sleep did not change. The difference in the length of sleep that
occurred after the SARS-CoV-2 pandemic outbreak is statistically insignificant (p=0,0491)
—-Fig. 7.

We decided to check if the difference in sleep length is correlated to the change in the

numberof naps. The results are as follows:

e Among 151 students that sleep shorter, there are 67 that take the same number
ofnaps, 38 that take less naps, and 29 that take more naps than before the
remotestudying

e Among 230 students that sleep longer, there are 85 who take the same number
ofnaps, 47 that take less naps, and 38 that take more naps than before the
remotestudying
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There is a statistical correlation between changes in sleep length and in the number of

naps that occured after the beginning of homeschooling (p=0,0001).

Figure 7. Change in the length of sleep among students in comparison to their length of sleep
from before the beginning of remote studying

We wanted to see if the difficulties in falling asleep are related to the changes in the
length of sleep. The results are as follows:

e Among 190 respondents that have difficulties in falling asleep, there are 103 that
sleepshorter and 87 that sleep the same amount of time or more in comparison to the
lengthof sleep from before homeschooling

There is a statistical correlation between having difficulties in falling asleep and
shortened time of sleep (p= 0,00005).

Discussion

During the SARS-CoV-2 pandemic, the lack of a routine of leaving home to school
may significantly disturb the rhythm of the students' including the balance between work and
rest. For the organism of a young person, sleep plays an extremely important role in
maintaining health as well as in the learning process and cognitive development [9].

The consequences of deteriorating sleep quality include inattentiveness, reduced
executive functioning, and worse results at school [10]. Moreover, sleep impacts the immune
system [9], which is so significant nowadays during the SARS-CoV-2 pandemic.

Our study wanted to check how the pandemic and its consequences, such as school

closing or online learning, influenced students' sleep behaviour. The study covered 441
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students from primary schools and high schools, from big cities, small cities, and villages.

The study results showed that almost three fourth (74,39%) of respondents had
experienced a change in sleep quality since online school has begun, which is a significant
percentage. This shows that the problem is worth considering. It is important to remember
that many studies have suggested that the psychological burden caused by COVID-19 was
seen in other pandemic situations, such as the response of young Chinese individuals during
the SARS outbreak of the Influenza A (H1N1) outbreak [11]. Therefore psychologicalhealth
decline in children during health crises is not a new problem. The long-term effects of staying
at home continuously have heightened hysteria and paranoia due to the lack of stimulation
inside a home. A sharp uptick in the number of accidental injuries and suicides has been
reported in younger individuals during school closures, indicating their profound impact on
children's mental health [12].

In the next questions, we asked the respondents whether their quality of sleep had
deterioratedor improved. Of the 328 students, 208 reported that their sleep quality has changed
for the worse (63,41%). What is more, 188 out of the 208 above do not feel well-rested during
online classes. Generally, 70,98% of respondents feel sleepy during lessons, 75,96% feel tired
during the day, and 65,53% feel tired every day. These results suggest that the quality of
sleep is not satisfactory for most students from the surveyed group. Sleep is a reversible
behavioral state characterized by disconnection with the environment while the body
relaxes. Therefore, the factors itdisrupts should be eliminated from affecting growing
individuals. Sleep is an active processrelated to multiple functions. At the birth of the
dream, Active sleep (REM) is longer thanpassive sleep but gradually decreases with age.
Therefore those formative years have asignificant role in adult life [13].

We asked students whether they take more or less naps than before the pandemic in
the next few questions. 34,47% of students answered that they take naps during
homeschooling.In contrast, 27,43% of them had been taking naps before they needed to study
remotely. That difference appears to be statistically significant (p= 0.0098).

73 of 152 (48,03%) surveyed who currently take naps admitted that the number of
taken naps in a day had increased compared to the situation before homeschooling. On the
other hand, 38 (25%) students took less naps than before homeschooling. The other 41
(26,97%) students did not notice any change in the number of naps before and during remote
classes. That difference is statistically significant (p=0.0235). Thus, we can conclude that

homeschooling influenced students’ nap behaviour.
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Students were also asked how many hours per day they sleep. One hundred fifty-one
respondents sleep less thanbefore the pandemic, 230 sleep more than before the pandemic,
and for 60 of them, sleep duration has not changed. The difference in the length of sleep is
statistically significant (p=0,0491). Therefore, we can say that homeschooling has affected the
amount of sleep of therespondents. However, we can not rule out that this is a factor
contributing to the deterioration of their sleep quality.

We decided to check if the difference in sleep length is correlated to the change in the
numberof naps. There is a significant statistical correlation between sleep length changes
andthe number of naps that occurred after the beginning of homeschooling (p=0.0001).
Students who sleep less during the night take more naps during the day.

Finally, we wanted to see if the difficulties in falling asleep are related to the changes
in the length of sleep. There is a statistical correlation between having difficulties in falling
asleep and changes in the length of sleep.

Our results show how complex the problem is. It can not be forgotten that the rising
problem of the Multisystem Inflammatory Syndrome in Children temporally related to SARS-
CoV-2 (PIMS-TS) is, consistent with the current state of knowledge. This post-infectious
hyperinflammatory immune reaction overlaps with the Kawasaki and toxic shock syndromes.
Usually, MIS-C manifests itself 2—-4 weeks after a symptomatic or asymptomatic SARS-CoV-
2 infection through excessive fever, infection laboratory, and multi-organ involvement.
Preceding SARS-CoV-2 infection can usually be identified serologically or suspected based
on confirmed exposure. Immunoglobulins and likely corticosteroids and ASS are used
therapeutically.

In most cases, intensive therapy isrequired, frequently with catecholamines and every
so often with ventilation. Unattended deaths had been described. Mostly there is complete
healing; in a few cases, however, brief residual signsor lasting consequential damage persist
[14].

This growth in the popularity of disease can give us some answers about problems with
children’s sleeping patterns. PIMS-TS can be connected to neurological changes, therefore,
can createsleeping disorders [15].

Different studies show that poor sleep can be correlated with mental health and
behavioural problems [16,17]. For example, antisocial behaviour, depressive symptoms,
ADHD-related behaviour and even suicide are associated with sleep problems, overall screen

time, mobile phone dependency, and digital device night use [16]. Undoubtedly children are
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more likely to be exposed to these factors when learning remotely than when learning in
person. This has negative psychological consequences and creates risk factors for a number of
physical diseases like obesity, high blood pressure, and Insulin Resistance [16,18].

Insufficient sleep can be related to externalizing and internalizing behavioral problems
and deficits in higher-order and complex cognitive functions [17].

Our results show that 29,71% of respondents experience waking up during the night.
It can bea result of insufficient sleep depth or altered sleep continuity. These sleep alterations
were evidenced in plenty of mental disorders like anxiety, autism, schizophrenia, depression,
affective or borderline, and antisocial personality disorders. Sleep continuity disturbances may
impact the pathogenesis of mental health disorders because of the nonspecific imbalance that
they cause in the arousal system [19].

High levels of physical activity, low levels of sedentary behaviour, and sufficient sleep
are thecomponents of an interesting 24-Hour Movement Guidelines for Children and Youth
introduced in Canada and Australia to provide a healthy lifestyle for people aged 5-17.
Findings indicated a benefit on children's mental health when meeting these
recommendations. Moreover, recommendations about sufficient sleep and low levels of
sedentary behaviour appeared to be associated with more mental health benefits than the
physical activity recommendation [20]. It shows that insufficient sleep and high levels of
sedentary activities during homeschooling do not allow students to live a healthy lifestyle.

Another critical issue is the situation in children's homes. Underprivileged children
havean increased risk of becoming victims of violence and abuse. This can make children
more vulnerable to depression, anxiety, and other mental problems [21]. We assume that it
can also result in various sleeping problems. In the survey, we did not ask about the situation
inrespondents' homes; that is why we cannot rule out the possibility of domestic problems as

the main reason for the decreased quality of sleep among surveyed students.

Conclusions

e For the young organisms, sleep plays an extremely important role in maintaining
health as well as in the learning process.

e Homeschooling has significantly affected the quality of sleep of Polish students.

e Almost 75% of the surveyed students experienced a change in sleep quality

compared to the state before the pandemic.
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e The quality of sleep is not satisfactory for the majority of students from the surveyed
group.

e The number of naps among students has changed significantly during remote classes.

e Homeschooling has affected the amount of sleep of the respondents. Therefore, we
can not ruleout that this is a factor contributing to the deterioration of their sleep
quality.

e Homeschooling influenced students' nap behaviour.

e Multisystem Inflammatory Syndrome in Children temporally related to SARS-CoV -
2can be connected to neurological changes and create sleeping disorders.

e Poor quality of sleep can be correlated with mental health and behavioural problems.

e Sleep continuity disturbances may have an impact on the pathogenesis of mental
health disorders.

e Insufficient sleep and high levels of sedentary activities during homeschooling do not
allow students to live a healthy lifestyle.

e We have to be aware that domestic problems also may affect the quality of sleep of
children.

e Caring about the mental state of children should be a priority.
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Abbreviation list
e COVID-19- coronavirus disease 2019

e SARS-CoV-2- severe acute respiratory syndrome coronavirus 2 PPE- personal

protective equipment

Introduction

2020 pandemic challenged the health system all around the world. It was the biggest
test to health workers, their knowledge and ability to adapt to changing situations.
Furthermore, countries and health organizations had to publish acceptable guidelines to help
in a crisis. Celebrating one year of the pandemic, we checked medicine Students in Poland
knowledge about them. Those students will soon be front workers with Corona patients, so
they need to be equipped with the knowledge and practical skills to fight for the lives of new
generations of patients.

What is COVID-19?

Coronavirus causes diseases in animals and humans all over the world. It is

known thathuman coronavirus (HCoV) mainly causes upper and lower respiratory tract
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infections. However, symptoms can also affect the nervous and digestive systems. This is the
SARS- CoV-2 epidemic, originally called 2019-nCoV. The most common symptoms are fever
and cough, fatigue, phlegm, shortness of breath, myalgia, joint pain or sore throat, headache,
nausea, vomiting, or diarrhea (30%). The best preventive measure is to avoid pollution. In
addition, the contact person must assume the obligation of isolation. Patients with COVID-19
should receive treatment in specialized centers. A large number of patients with pneumonia
require passive oxygen therapy. Non-invasive ventilation and high-flow nasal oxygen therapy
can be used for mild to moderate patients without hypercapnia. Patients with acute respiratory
distress syndrome and mechanical ventilation should adopt economic ventilation strategies.
Extracorporeal membrane oxygenation is a highly specialized method available inselected
centers and is not suitable for many situations. There is currently no specific drug treatment
for COVID-19. Modern medicine is preparing to fight the new coronavirus pandemic. This is
a holistic approach for patients, mainly involving the use of personal protective equipment to
reduce the risk of further spread of the virus and patient management, including isolation and
patient management (including treatment) without specific pharmacological symptoms or
treatment and symptomatic treatment [1].

The virus has spread to almost all of the world and as of May 1, 2021 there were
confirmed cases of infection and deaths. Coronavirus information is updated daily. This data
shows how enormous a problem this pandemic is pretending to health care workers in Poland

and all around the world.

COVID-19 Procedures around the world

The best prevention is to avoid exposure to the virus. In addition, contact persons must
be subject to an obligation to quarantine. However, this is not possible for medical personnel,
which must be equipped with special personal protective equipment. Airborne precautions and
other protective measures were discussed and suggested for prevention [2].

The proper use and disposal of masks are essential to avoid an increased risk of
transmission [3,4].

Infection prevention and control measures that may reduce the risk of exposure include
use of face masks, covering coughs and sneezes with tissues, which are then safely disposed
of, regular handwashing with soap or hand sanitizer, disinfectants with at least 60% alcohol,

avoiding contact with infected people and keeping a reasonable distance and not touching the
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eyes, nose and mouth with unwashed hands. While infected individuals should wear masks to
reduce the risk of infecting others, medical personnel should be equipped with particle
aspirators such as certified N95 or FFP2 when performing aerosol generation procedures and
using medical devices. Masks in the treatment of suspected or confirmed cases [5]. According
to WHO guidelines on using masks in the community, during home care, and healthcare-
related to the novel coronavirus 2019-nCoV [4], people with respiratory symptoms should
wear medical masks. Tract infection accordingly. People without respiratory symptoms are
not required to wear medical masks in public, although more and more experts are questioning
this claim. If an infection is suspected, both emergency teams and medicaldispatchers must
use specific management algorithms. Management can accordingly be divided into two main
types. Suppose upper respiratory tract infection symptoms are observed without shortness of
breath and at temperatures below 38 degrees Celsius. In that case, the patient should be moved
to isolation and wait for the test result or a hospital specializing in infectious diseases. These
departments or hospitals must also be selected for patients with shortness of breath, coughing,
and temperatures above 38 degrees Celsius, including those in severe conditions with
concurrent illnesses that require intensive medical supervision. The medical service staff
will perform procedures where you may only suspect coronavirusinfection based on an
examination and interview. After transportation, the ambulance must bedisinfected with a wide

range of disinfectants.

Aim

The study aimed to compare the knowledge of students of Polish medical universities
about COVID guidelines.

Materials and methods

The research group consisted of 89 students of medical and dentistry faculties from
several universities in Poland. 64% of the respondents were students of the Wroctaw Medical
University, 13,5% of the Silesian Medical University, 3,4% of the Medical University of
Bialystok. The remaining 19,1% were students of other medical universities. The vast
majority (92,1%) of the respondents were students of the Faculty of Medicine; the remaining

7,9% were students of the Faculty of Dentistry. 42,7% had infectious diseases classes during
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The pandemic, while 23,6% had classes before, 33,7% of the respondents did not yet have
classes of infectious diseases. The majority of the respondents were students of the five year-
38,2%, the second in terms of size were the 4-year students - 19,1%, then 1st year - 14,6%,
3rd year - 11,2%, then 2nd year - 9% and 6th year- 7,9%. The research was carried out using
the original questionnaire created by the authors, containing eight questions regarding students'
knowledge on the issuing regulations concerning behavior during the COVID pandemic. The
survey was conducted online using Google Forms. Inclusion the survey held the status of

a Faculty of Medicine or Dentistry student in the medical university of Poland.

Results

This part of the work will present the results of the survey. In the survey, we asked
students what the conduct algorithm in case of suspecting COVID-19 is—Figure 1.

Figure 1. Shows the students' answers to the question of what the expression "first degree of
protection™ in the algorithm of conduct in case of suspecting COVID-19 means

80.9% (72) of respondents answered correctly what the first degree of protection means
and pointed out separate beds for patients. The other 19.1% (17) of respondents pointed out
incorrect answers, that is, infectious or infectious and observation ward (7) and COVID-19
multidisciplinary hospital (10).

The expression "second degree of protection” in the same algorithm means an
infectious or infectious observation ward. Seventy-six students pointed out that answer that is

84,4% of all respondents. 10,1% (9) surveyed pointed out that the second degree of protection
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means separated beds, and the last 4,5% (4) answered that it means COVID-19
multidisciplinary hospital. Both of the above are incorrect answers. The results are shown on

Figure 2.

Figure 2. Shows the students' answers to the question of what the expression "second degree
of protection” in the algorithm of conduct in case of suspecting COVID-19 means

In the surveyed group, 74 (83.2%) persons answered correctly that the third degree of
protection in the mentioned algorithm means a COVID-19 multidisciplinary hospital.
However, the other 15 students gave incorrect answers and pointed out separated beds for
patients (10) and infectious or infectious and observation ward (5). Figure 3 presents these

results.

Figure 3. Shows the students' answers to the question of what the expression "Third degree
of protection” in the algorithm of conduct in case of suspecting COVID-19 means
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In the other part of the study, we asked respondents to point out which special personal
protective equipment should be used by the health care workers when contacting different
patients.

According to the guidelines of the Polish Ministry of Health, the medical personnelin
contact with a healthy person or a patient without symptoms of respiratory tract infection
should always be equipped with as minimum: a surgical mask, medical clothing or a fleece
apron, and disposable gloves when the procedure requires it. Moreover, it is mentioned to pay
more attention to hand hygiene. These answers were pointed out by 77 (86,5%), 66 (74,1%),
36 (40,4%), 69 (77,5%) and 82 (92,1%) respondents respectively as it is shown in Figure 4.

Figure 4. Shows the students' answers to the question of what equipment is needed when
contacting a healthy person or a patient without any symptom of respiratory tract infection

The forms of protective equipment mentioned in other answers are unnecessary:

a visor, a mask type FFP2, a long sleeve fleece apron tied at the back plus a foil apron at the

front, and a barrier apron made of waterproof material. These answers were pointed out by11
(12,4%), 20 (22,5%), 3 (3,4%) and 3 students respectively.

In case of contact with a patient with symptoms of respiratory tract infection with the
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riskof aerosol formation, the required protective equipment is always as a minimum: a mask
type FFP2 and a visor, a long sleeve fleece apron tied at the back, plus a foil apron at the front,
or a barrier apron made of waterproof material and disposable gloves. These answers were
pointedout by 78 (87,6%) and 66 (74,2%), 41 (46,1%), 20 (22,5%) and 79 (88,8%) respondents
respectively. The other answers were related to equipment that is insufficient in contact with
this type of patient: hand hygiene with 73, a fleece apron with 51, medical clothing with 63,

and a surgical mask with 35 answers. Precise results are shown in Figure 5.

Figure 5. Presents the surveyed answers to the question of what equipment is needed when
contacting a patient with symptoms of respiratory tract infection with the risk of aerosol
formation

In the next question, we wanted to check the students' knowledge about the type of
room in which patients infected with SARS-CoV-2 should be isolated. The correct answer,
which is a single room with full sanitary facilities including a toilet and a bathroom, was
pointed out bya vast majority of students- 79,55%. Unfortunately, the other 20,4% of
respondents marked wrong answers: a dormitory room with full sanitary facilities 18,15% and
a single room without full sanitary facilities- 2,25%. These results are presented in Figure 6.

We asked students how often cleaning and disinfection in an isolation room should be
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performed in the penultimate question. The correct answer is once a day and always in the
eventof biological contamination, and it was pointed out by the majority of respondents-
61,8%. 14,6% surveyed answered that cleaning and disinfection in an isolation room should
occur once a day, regardless of events of biological contamination during the day, 19,1%
answered two times a day, 3,4%- every two days and 1,1%- once a week. All of the above are

incorrect answers. Details are shown in Figure 7.

Figure 6. Shows the students' answers to the question of in what type of room patients
infected with SARS-CoV-2 should be isolated

Figure 7. Presents students answers to the question of how often cleaning and disinfection in
isolation rooms should be performed
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In the last question, we wanted to see if students know what ventilation time of an
isolation room is required after a patient leaves it. 28,1% (25) of respondents chose the correct
answer, which is about 1 hour. 37.1% (33) reported about 30 minutes, and that is an incorrect
answer, as well as about 3 hours, chosen by 29,2% (26) surveyed and about 10 minutes 5.6%

(2) of respondents. More precise results are shown in Figure 8.

Figure 8. Shows students' answers to the question of what the time of ventilation of an
isolation room after a patient leaves it is required

Discussion

The subject of treating patients with COVID is currently a significant problem in the
healthcare sector. Nowadays, every doctor is in a frontline meeting and treating ill patients or
they are helping recover in her/his medical practice. Therefore, it is essential that students,
who graduate from medical universities, have sufficient knowledge on the subject as they start
their professional career in medical practice immediately after graduation. Ignorance of the
law and guidelines in situations related to the death and illness of another person harms the
doctor, the patient, and their family. Therefore, knowledge of legal regulations protects the
doctor against spreading disease to other patients and is protecting his health.On the other
hand, the patients are protected from getting infected and can recover in the most optimal
environment.

Our work aimed to examine the level of knowledge of students of medical universities
in Poland on the guidelines considering COVID. The study covered 89 students from various

medical universities in Poland.
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In the first question, we asked students what the conduct algorithm in case of
suspecting COVID-19 is. The study results showed that 80,9% of respondents answered
correctly to what the first degree of protection means and pointed out separate beds for patients.
The other 19,1% of respondents pointed out incorrect answers.

The expression "second degree of protection” in the same algorithm means an
infectious or infectious observation ward. Seventy-six students pointed out that answer that is
84,4% of all respondents. 15,6 % of respondents pointed out incorrect answers.

In the third question, 83,2% of persons answered correctly that the third degree of
protection in the mentioned algorithm means a COVID-19 multidisciplinary hospital. The
other 16,8% of students gave incorrect answers.

After analyzing the students' answers to these first three questions, we can say that on
the one hand, the results show acceptable awareness of students on the algorithm for dealing
with a patient suspected of COVID-19, self-transport [6].

However, on the other hand, students should be familiar with the algorithm for dealing
with suspected SARS-CoV?2 infection in a patient because it is a critical issue for health care
organizations in such a difficult time as a pandemic.

In the other part of the study, we asked respondents to point out which special personal
protective equipment should be used by the health care workers when contacting different
patients. According to the guidelines of the Polish Ministry of Health [6], the medical
personnel in contact with a healthy person or a patient without symptoms of respiratory tract
infection should be equipped with as minimum: a surgical mask, medical clothing or a fleece
apron and disposable gloves when the procedure requires it. Moreover, it is mentioned to pay
more attention to hand hygiene.

In case of contact with a patient with symptoms of respiratory tract infection with the
risk of aerosol formation, the required protective equipment is always as a minimum:
a mask typeFFP2 and a visor, a long sleeve fleece apron tied at the back plus a foil apron at
the front, or a barrier apron made of waterproof material and disposable gloves.

On the one hand, the results from our study show that students present a certain level
of knowledge about personal protective equipment (PPE) that should be used by the health
care workers when contacting different patients. On the other hand, this knowledge is
insufficient given its importance at present. Personal protective equipment is of great
importance in preventing the spread of the SARS-CoV2 virus in society. PPE should

be appropriately adjusted to the possible way the virus spreads during patient care - contact,
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droplet, or airway mode of transmission [7].

In the following question, we wanted to check the students' knowledge about the type
of room in which patients infected with SARS-CoV-2 should be isolated. The correct answer,
which is a single room with full sanitary facilities including a toilet and a bathroom, was
pointed out by a vast majority of students- 79,55%. The other 20,4% of respondents marked
wrong answers. That shows that students generally know how infected patients should be
isolated.

The last two questions concerned maintaining the isolation rooms in an appropriate
state of cleanliness - their washing, disinfection, and airing. In the penultimate question, the
majority of respondents - 61,8% - answered correctly that it is required to disinfect the isolation
room once a day and always in the event of biological contamination. In the last question, we
asked about the duration of the room ventilation after a patient leaves it. The majority - 71,9%
- chose the wrong answer. Most of the students did not know that the correctanswer is - about
1 hour of ventilation. The above statistics show that the students aregenerally unaware of the

hygiene guidelines for isolation rooms.

Conclusions

e Students of medical universities in Poland know the guidelines considering COVID.
However, this knowledge is incomplete and insufficient.

e Universities should provide an appropriate level of infectious diseases classes so that
the graduate starts her/his professional career with sufficient knowledge that is
necessary for medical practice.

e The intricacy and vagueness of legal acts regarding guidelines considering COVID is
a common problem among students and doctors.

e Ignorance of the law and created rules are harmful. Knowledge of legal acts not only
protects the doctor against.

e Poland is not the only country struggling with the complexity of guidelines considering
COVID.

e In order to improve knowledge, additional classes/updated educational materials on
COVID-19 infection and related guidelines should be provided to students who have
already passed the exams in infectious diseases before the onset of the COVID-19

pandemic.
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Medical students should represent an adequate level of knowledge of COVID-19
recommendations to share reliable information with others. Educating the public is the

key to reducing risky behaviours and thus reducing the spread of the disease.
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Abbreviation list

e AED - automatic external defibrillator

e CPR - cardiopulmonary resuscitation

e ECG - electrocardiography

e EMS - emergency medical services

e OHCA - out-of-hospital cardiac arrest

e OR - termination of resuscitation

e PPE - personal protective equipment

e ROSC - a return of spontaneous circulation
e SCD - sudden cardiac death

e SHD - survival to hospital discharge
Introduction
It seems that out-of-hospital cardiac arrest (OHCA) has gained much significance
during the COVID-19 pandemic we are still facing. Over the past year, there has been a rapidly

increasing number of studies from all over the world trying to establish a relation ship between

the expanding incidence of OHCA occurrence with growing OHCA death rate and the onset of
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COVID-19 pandemic. Many different factors supporting this relation ship might have come
into play: the changing etiology of cardiac arrest, the shift of OHCA location with
predominance at home and less

t on the streets, the change in people's attitude towards providing first aid as well as availability
together with efficiency of emergency medical services (EMS) [1].

As we can see, the factors may be attributable both to infection- and pandemic-related
issues. Concerning infection-related issues: possible respiratory failure caused by SARS-CoV-
2(hypoxia and increase in non-shockable rhythms) while considering the pandemic-related
issues: social distancing, fear of being infected in the hospital, or the desire not to burden the
health system further, both resulting in non-activation of the emergency system [2].

Furthermore, performing cardiopulmonary resuscitation (CPR) in OHCA has become
more troublesome than ever. Addressing the potential risk of infection to healthcare workers
and lay rescuers due to the potential generation of aerosols, the international societies such as
the International Liaison Committee on Resuscitation (ILCOR), American Heart Association
(AHA), U.K. Resuscitation Council, and European Resuscitation Council [3] have come up
with modified guidelines for resuscitation, which all emphasize the importance of the safety of
lay rescuer or professional health personnel, contributing to the paradigm shift in which the
rescuer vs. rescuee relationship has been blurred and it's not clear anymore who is the one to be
saved.

In this paper, we gather and juxtapose all the research and review works arising over
the past year worldwide and analyze the data obtained to establish a relationship between the
changes in OHCA patterns and the COVID-19 pandemic.

Materials and methods

The available literature on the subject area has been reviewed with the help of databases
such as Google Scholar, ScienceDirect, PubMed by using keywords such as OHCA, COVID-
19, EMS, CPR.

Review, analysis

Multifactorial issue
The relationship between the COVID-19 and the excessive OHCA incidence is
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multifactorialand includes direct and indirect effects, not all identified yet. The COVID-19
pandemic has tested the efficiency of healthcare systems around the world and has exposed
shortages in healthcare resources. In response to hospitals' overload with COVID-19 patients,
several changes in the functioning of medical facilities have occurred. These changes included
reducing access to preventive care across primary and secondary care, canceling scheduled
operations, and reorganizing hospital wards to create beds for infectious patients. In addition,
in order to minimize the risk of viral transmission, clinical pathways were redesigned to support
telemedicine and limit face-to-face contact between healthcare providers and healthcare
recipients. These changes could have limited early accessto healthcare for patients at risk of
cardiac arrest.

SARS-COV-2 infections can lead to various serious complications, including hypoxia,
myocarditis, and hyper-coagulable state leading to thrombotic events including cerebral
vascular accidents or pulmonary embolism, all of which are potential causes of OHCA [1].
Furthermore, it cannot be excluded that some patients experienced arrhythmic sudden cardiac
death (SCD) related to the infection. Some drugs used in COVID-19 therapy, such as
hydroxychloroquine and azithromycin, might have contributed to the Q.T. interval prolongation
with the consequent risk of ventricular arrhythmias. In a study by Baldi et al. four out of six
patients of the investigated population with suspected or diagnosed COVID-19and a post-
ROSC ECG (electrocardiography) showed a prolonged QTc interval [2].

New recommendations for resuscitation emphasize the necessity to use full PPE
(Personal protective equipment) by medical services and put the rescuer's safety first.

All these factors undeniably influenced OHCA patterns, including the increase in occurrence,
changes in presentation - more patients presenting in a non-shockable rhythm (90% compared

to approximately 80% during non-pandemic times) - and hence a worse outcome [4].

OHCA in Covid-19 vs Non-Covid-19 patients

Data from a meta-analysis by Borkowska et al. [5], which included 5 studies with
a total of 4210 patients, show a significantly lower return of spontaneous circulation (ROSC)
(13.3% vs. 26.5%, respectively) and survival to hospital discharge (SHD) rate ( 0.5% and 2.6%,
respectively) in COVID-19 patients, compared to non-COVID-19 patients. COVID-19 patients
also tend to present shockable rhythms far less often than others (5.7% compared with 37.4%
in the non-COVID-19 group). Chances for SHD with favorable neurological outcomes were
estimated to be 0% in COVID-19 vs. 3.1% in non-COVID-19 patients. Since CPR is a highly
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aerosol-generating procedure, it carries a risk of viral transmission, whichcan discourage
bystanders from performing CPR and forces the use of full personal protective equipment (PPE)
by medical services. Several studies showed that PPE decreased rescuers' comfort and ability
to carry out CPR [6,7].

However, the abovementioned meta-analysis showed that bystander CPR rate and ALS
implementation were comparable in both groups. Therefore, it concludes that a decrease in SHD
and ROSC in COVID-19 patients is more likely due to the initially more severe state of COVID-
19 patients, as indicated by the lower rate of shockable rhythms, and not due to the lower
frequency of bystander CPR and ALS implementation.

Comparison of OHCA before and during the pandemic

We analyzed the data collected and elaborated by researchers in Switzerland [8],
Lombardy [9], Victoria [10], London [11], Paris [12], Osaka [13], Spain [14], Sweden [15],
Multnomah County in Oregon and Ventura County in California [16].

All these studies consisted of comparing the data of the patients with OHCA between
two different time periods. One of them was during the COVID-19 pandemic and the other
was at the same time a year before the pandemic or data from the first period were compared
with data from the years before the pandemic. During the COVID-19 pandemic, a significant
increase in the incidence of OHCA was observed in almost all surveyed regions.

The exception is Switzerland, where the incidence of OHCA in regions with a high
incidenceof COVID-19 was lower during the pandemic than in the compared period in 2019
[8]. What makes the results from Switzerland even more surprising is that the cohort study on
the population of 50 large cities in the United States also indicated a strong correlation between
the incidence of COVID-19 and the incidence of OHCA. Moreover, McVaney et al. suggested
that sudden escalations in OHCA may also serve as an early foreshadowing or signal of pending
COVID-19 surges in communities [17].

A notable group of OHCA patientswas infected with the SARS-CoV-2 virus, e.g.,
24.5% of OHCA patients in London, at least 10% of patients in Sweden [11,15].

During the pandemic, cardiac arrest was less frequent in public places than in the pre-
pandemic period, which in all regions resulted in less frequent application of the public- access
AED pad (Automated External Defibrillator) and a longer time to the first shock as presented
in the graph below [Fig. 1].
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Switzerland Victoria, Australia London, England Pariz, France Oczaka, lapan Spain Multnomah and
Ventura Counties,
USA

B AED used in pandemic period (%) B AED used in pre-pandemic comparator period (%)
Figure 1. Comparison of AED application in OHCA patients between pandemic and pre-
pandemic periods. Source: Authors' own work based on items: 7., 9., 10., 11., 12., 13. and 15.
of the bibliography

Bystander CPR

A question arises as to whether bystanders are less willing to resuscitate OHCA during
the COVID-19 pandemic. According to Australian researchers, bystander CPR was performed
more often during the pandemic than before, possibly because most cardiac arrests occurred at
homes with families willing to take the risk [10]. Researchers from London [11] obtained
similar results. A higher frequency of OHCA in private residences would also explain the
decreased usage of AED and extended median time-to-the-first-shock. Researchers from the
United States of America, Italy, Japan, Spain, and Switzerland, on the other hand, obtained
opposite results, proving that lay rescuers undertookresuscitation activities less frequently than
before [8,9,13,14,15,16].

Grunau and co-workers were also looking for answers to the questions as to whether
and how the COVID-19 pandemic influenced the willingness of bystanders to undertake
resuscitation. They distributed a 12-item survey to the general public via social media in
26 countries. The results showed a decreased willingness to perform bystander CPR towards

unfamiliar persons, which was, however, ameliorated if simple PPE were available. Victim age
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had a significant impact with respondents being more willing to intervene in pediatric than
geriatric cases, which may be due to a balance between potential benefits to the victim (i.e., the
elderly may have poor OHCA outcomes). Respondents declared a greater decrease in
willingness to undertake rescue breaths and chest compressions than to call 9-1-1 or apply an
AED, which may be associated with the risk of SARS-CoV-2 transmission. A decrease in
willingness to provide bystander care did not appear correlated with higher regional COVID-
19 incidence. Regions with the lowest COVID-19 incidence tended to have the largest decreases

in willingness [18].

78,7%

Switzerland Lombardy, Italy Victoria, Australia. London, England O=aka, Japan Spain Multnomah and
Ventura Counties, USA

W Bystander CPR in pandemic period (%) M Bystander CPR in pre-pandemic comparator period (%)

Figure 2. Comparison of CPR initiated by bystanders in patients with OHCA between
pandemic and pre-pandemic periods. Source: Authors' own work based on items: 7., 8., 9., 10,
12., 13. and 15. of the bibliography

PPE, necessary but troublesome
A retrospective observational study by Cho et al. conducted on the OHCA patients in

Daegu, South Korea, emphasized the importance and preparedness of PPE. As a result, PPE
was introduced among all the examined interventions, with standard CPR being changed to
chest compressions using mechanical devices. Thanks to the protective measures, the number
of medical personnel requiring self-isolation after providing CPR and the number of complete
or partial closures of emergency centers has decreased, proving somewhat the effectiveness of
implementing PPE [19].
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In turn, Borkowska et al. point out in their retrospective cohort study that several
other studies showed the negative influence of PPE on rescuer comfort and ability to carry out
CPR and the discouragement caused by the risk of viral transmission during the bystander CPR
[20].

Overloaded systems
The increased load on emergency medical systems had an impact on the extension of
the timepassing from the call being answered by dispatcher to the arrival of the emergency

medical team to the scene of the accident.

6,4
Multnomah and Ventura Counties, USA

12
12

Sweden

) 12
Spain
14

Osaka, lapan

i 3.4
Paris, France
10,4

72
London, England
93

_— ) 75
Victoria, Australia.

Lombardy, Ital =
ombardy, Italy
15

W Median response time (call answer to arrival) in pre-pandemic comparator period, mins (IQR)

B Median response time (call answer to arrival] in pandemic periods, mins (IQR)

Figure 3. Comparison of the median response time of emergency services (call answer to
arrival) between pandemic and pre-pandemic periods. Source: Authors' own work based on
items: 8., 9., 10., 11., 12, 13,, 14. and 15. of the bibliography

During the COVID-19 pandemic emergency medical teams started CPR less frequently
(64,1% versus 69,2% in lItaly, 40,6% versus 46,6% in Australia, 36,4% versus 39,6% in
England). Time to the first defibrillation and the first administration of epinephrine was

delayed. Return of spontaneous circulation was achieved less frequently [Tab. 1].

228



Out of hospital cardiac arrest during the COVID-19 pandemic; the challenges emergency
medical services must face

Table 1. Prehospital ROSC in Lombardy, Victoria, London, Osaka in the pandemic period vs.
pre-pandemic period

Region Prehospital ROSC in Hospital ROSC in pre-pandemic
pandemic period (%) comparator period (%)
Lombardy, Italy 8,6% 19,8%
Victoria, Australia 24,0% 29,6%
London, England 13,7% 19,3%
Osaka, Japan 9,1% 12,5%

In general, the mortality rate in OHCA increased, even in areas with relatively low
COVID-19 incidence (143 cases per 100,000 inhabitants in Multnomah County; 127 cases
per 100,000 inhabitants in Ventura County; 159 cases per 100,000 inhabitants in Victoria; 194
cases per 100,000 inhabitants in Paris) [10,12,16].

On the other hand, the OHCA mortality rate in Swiss cantons with the low-incidence
rate of COVID-19 (191 cases per 100,000 inhabitants) decreased slightly, showing a divergent
trend between overall mortality and OHCA incidence during the COVID-19 pandemic in
Switzerland. The reason behind this is not simply to account for the complex
pathophysiological factors behind the COVID-19 and its effects on OHCA outcomes but rather
points out the multifactorial nature of the issue. Non-biological factors such as healthcare
system management, including unsaturated hospital capacity and organization of medical
services, especially the fast reorganization of medical services during the onset of the pandemic,

have played a significant role in obtaining such results [8].

Termination of resuscitation

The treatment of out-of-hospital cardiac arrest is resource-intensive, with a very small
percentage of cases ending with a satisfactory outcome. During a pandemic, resources become
severely limited. The general principles of ethics in emergencies and resuscitation remain valid,;
however, considering the very poor outcome of cardiac arrest in COVID-19 patients and the
risk of disease transmission to the rescuers, ERC recommends that healthcare systems
implement criteria for decision-making about termination of resuscitation, considering their
specific local context [3]. In areas severely affected by the COVID-19 pandemic, such as

Detroit in-state Michigan (1666 COVID-19 cases per 100,000 population), modification of
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conventional protocols for paramedic management of OHCA should be considered.
According to the "distributive justice™ principle, emergency medical services must provide *"the
greatest good for the greatest number of people’ by balancing individual patients' needs and
the whole community, including prehospital care providers. Being aware of the poor outcome
of OHCA, especially during the COVID-19 pandemic, all the more in patients infected with
the SARS-COV-2 virus, Leong and colleagues propose significant changes in management in
OHCA during the COVID-19 pandemic [4]. They suggest a paradigm shift towards earlier
termination of resuscitation (TOR) in patients with asystole as the initial rhythm. Moreover, the
authors suggest performing compression-only CPR and communicating with the medical
oversight physician to discuss the potential for an early TOR when asystole has been identified.

Michigan was one of the states where the impact of guideline changes on OHCA
management was examined. State model protocols included limiting airway interventions to
basic life support (BLS) procedures, possible termination of resuscitation after 10 minutes of
CPR without ROSC (the previous protocol required 30 min of CPR without ROSC before
requesting termination), and transporting to the hospital only those patients in which ROSC
lasted more than 5 minutes. Shobi and colleagues compared the management and outcomes
of patients with OHCA between 10th March 2020 to 30th April 2020 and 10th March 2019 to
30th April 2019 [21].

Table 2. Termination of resuscitation and ROSC in Michigan in the pandemic period (2020)
vs. the pre-pandemic period (2019)

2020 (n=291) 2019 (n=180) Odds Ratio or Mean
Difference (95% CI)
Termination of 69% (200) 36% (64) 2.36 (1.36-4.07)
Resuscitation in the
Field
ROSC not obtained | 89% (259) 84% (151) 1.56 (0.90-2.68)

The results were not surprising; termination of resuscitation rates nearly doubled in the

time of the pandemic. Nevertheless, ROSC rates were similar [Tab. 2].

Conclusions

The COVID-19 pandemic has imposed a significant challenge on emergency medical

services, especially while dealing with emergencies such as OHCA.
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Based on the research data from all over the world that we have gathered and analyzed,
it has had a negative contribution to the OHCA outcomes; both in terms of infection- and
pandemic-related issues.

The basic- and advanced life support protocols have been changed and adjusted
to the pandemic reality, prioritizing EMS personnel and their safety, especially by
implementing PPE. This, in turn, has caused multiple organizational problems such as EMS
increased response times, adherence to PPE requirements, PPE shortages, and last but not least
- inconveniences in PPE long-term usage experienced by the personnel.

As much as the vast majority of the studies we have analyzed show a positive correlation
between the COVID-19 pandemic and the increasing OHCA incidence with poor outcomes, it
is essential to point out that the trend was quite the opposite in Switzerland. Thus, good
healthcare management and high-quality medical services before the onsetof the pandemic
might have contributed to good healthcare management during the pandemicvia optimizing

OHCA and resource management while minimizing risk to medical personnel.
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Abbreviation list

e COVID-19 - coronavirus disease 2019
e SARS-CoV-2 - severe acute respiratory syndrome coronavirus 2
e COPD - chronic obstructive pulmonary disease

e ARDS - acute respiratory distress syndrome
Introduction

COVID-19 (coronavirus disease 2019) is a disease of which the most common
manifestation is an acute respiratory infection caused by SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2). The first confirmed cases were reported in December 2019 in Wuhan,
located in central China [1].

The spread of the virus by airborne droplets, the lack of knowledge about the new
pathogen, and traveling without restrictions resulted in reaching pandemic status in March 2020
by the disease caused by SARS-CoV-2. Hundreds of thousands of new cases daily, and the lack
of causal treatment became a serious burden on even the most efficient health systems. Due to
demographic and economic differences, each country had to develop its plan to protect its
citizens. The direction chosen in Poland is, in the first place, the protection of people susceptible
to the severe course of SARS-CoV-2 infection. By the severe course of the infection, we mean
the need for hospitalization, intensive therapy, respiratory support, and even death. The
presence of factors such as senility, lungs and heart problems, obesity, tumors, chronic kidney
diseases, type 1 and 2 diabetes, immune deficits, neurological conditions, and strokes are widely
recognized as predisposing factors to severe infection [2,3,4]. Current epidemiological data
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points out that over 80% of deaths related to COVID-19 are people over the age of 65 [2].

In most cases, the incubation period for COVID-19 ranges from 1 to 14 days [5], while
the median is 5.1 [6]. According to calculations, 101 out of 10,000 cases will develop symptoms
14 days after contact with the pathogen [6]. The most common symptoms are fever, dry cough,
fatigue. Less common manifestations include loss of smell or taste, shortness of breath, nasal
congestion, conjunctivitis, headache, sore throat, nausea, vomiting, diarrhea, confusion, chest
pain, chills, muscle and joint pain [4]. According to an analysis conducted by Wu and associates
based on data from the Chinese Center for Disease Control and Prevention, 81% of cases are

mild, 14% severe, and 5% critical [7].

Aim

The study aimed to compare the course of COVID-19 in the Polish population in various
age categories in people with comorbidities and without any burden during the period from
March 2020 to April 2021.

Materials and methods

The research group consisted of 271 people of Polish nationality. 13% of the
respondents were men, and 87% were women. Most of the respondents were people aged 30-
45 - 58%, the second largest group were respondents aged 45-60 years, 16.6% were the
youngest (18-29 years old), and 4.4% were people over 60. Thus, 44% of respondents were
people diagnosed with at least one chronic disease. Four respondents (1.4%) were vaccinated
with a double dose of the COVID-19 vaccine before the disease, twelve (4.4%) were vaccinated
with only one dose of the vaccine, and the rest of the study group was unvaccinated. Most of
the people (50.9%) participating in the study have a normal BMI, 28.8% are overweight, and
the rest (20.3%) are obese. None of the respondents were hospitalized for COVID-19 infection.
The survey was conducted online using Google Forms. It consisted of two parts. The first part
of the form included: age, gender, education, residence, etc. The second part includes detailed
questions about the course of COVID-19 in each of the respondents. The criterion for inclusion
in the survey was to have a positive PCR test result. After collecting the answers from the

respondents, the results were analyzed and presented in the form of charts.
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Results

In this part of the research paper, the results of the survey will be presented.
The first question in the second part of the survey concerned the timing of COVID-19 infection.
In 2.5% of respondents, the infection occurred in the period from June to September 2020. ,
2.2% in the period from March to May 2020. The vast majority - 54% became infected between
January and April 2021. The second largest group - 41.3% indicated that the infection lasted
between October and December 2020 (Fig. 1).

60%
54%

50%

41%

40%

30%

20%

10%

2% 3%
0% — [
March-May 2020 June-September 2020  October-December 2020 January-April 2021

Figure 1. Time of COVID -19 infection among respondents

Another question was about the site of the infection. Chart 2 illustrates the respondents'
answers to this question. 27.7 people do not know where the potential infection occurred, 25.3%
of the respondents indicated the source of infection at work, 7.4% declared that they got infected
from friends, 32% indicated that their household was infected. The other respondents mentioned
other places (Fig. 2).

The next question was about the first COVID-19 symptom during an infection. 15.1%
of respondents indicated a headache, 16.6% indicated a loss of smell or taste, 16.2% declared
that it was weakness, most people - 25.8% chose the answer "cough”, 3.7% of respondents
indicated that it was a runny nose, 4.8% of the respondents first experienced fever, 3.3% had

muscle pain, 2% had diarrhea, and (13.5%) reported dyspnea (Fig. 3).
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Figure 2.- Place of potential COVID-19 infection in the study group

Figure 3.- Responses of respondents about the first symptom observed during COVID-19
infection

The fourth question was about the duration of the symptoms. Most respondents declared
that their symptoms lasted from 7 to 14 days (44%). The second most frequently selected
answer was the answer "over 21 days" (24%); 59 people (21.7%) indicated that their symptoms
lasted 14-21 days, in the remaining (10.3% of respondents), they lasted less than seven days
(Fig.4).

Thirty-six respondents who marked the answer with the longest course of the disease -
"over 21 days" have been diagnosed with at least one chronic disease. They constitute 55% of
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people in this group. However, in the group with the shortest course of the disease, people with

comorbidities accounted for only 3.8%.
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0.00%
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under 7 days 7-14 days 14-21 days over 21 days

Figure 4. Responses of respondents to the question about the duration of symptoms during
COVID-19 infection

The next question concerned the symptom that lasted the longest in the respondents.
Most people answered that it was a cough - 19.5%. The second most frequent answer was
fatigue (16.6%). In 15.8% of respondents, the longest-lasting symptom was the loss of smell or
taste, 9.2% said it was headache or dizziness, 4% indicated runny nose, 4% sinus pain, 4%
muscle and joint pain, 2.9 % dyspnoea, 1.8% memory impairment, the least frequent response
- 1% was rash and diarrhea - also 1%.

In the next question, the respondents were to choose the course of COVID-19 infection
in each of them. Again, there were three responses to choose from: light, medium, or heavy.

Most of them declared that the course of the infection was of moderate severity - 51.2%.
39.9% of respondents described the course of their infection as mild, while the rest (8.9%)
declared that they had been severely infected with the SARS-CoV-2 virus.

Among people with a severe course of COVID-19, 54% were overweight or obese, and
the rest (46%) had a normal BMI index. In contrast, among people with a mild course of the
disease, overweight or obese constituted only 44%, and people with the correct index BMI 56%,
respectively.

In addition, people with comorbidities accounted for 66.6% of those with a severe

course of infection and only 40.7% of those with a mild course of COVID-19.
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Figure 5. Responses of respondents to the question about the longest-lasting symptom during
COVID -19 infection

8,90%

39,90%

51,20%

= light = medium = heavy

Figure 6. Respondents' answers about the severity of the course of COVID-19 infection in
each of them

In the next question, the respondents were asked about the occurrence of complications
after the disease. Again, the answers were "Yes" or "No". 24.0% answered in the negative and

76.0% - in the affirmative.
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People who answered yes to the previous question we're asked about the type of
complications they experienced.

Insomnia occurred in 28.0% of the respondents, chest pain in 19.2%. Chronic fatigue
in 50.6% of respondents, exertional dyspnea in 40.2%, problems with concentration in 38.0%,
palpitations in 24.4%, memory problems in 32.1%, and persistent olfactory disturbances and /

or taste disturbances - in 2.6%.

Figure 7. Distribution of the most common complications among people with complicated
COVID-19

Among those who developed complications, those diagnosed with a chronic disease in
the past were selected. 58.3% of people with complications after COVID-19 had a chronic
disease, while 41.7% did not.

In the end, the respondents were asked whether they had returned to full fitness (before
falling ill). 36.5% answered in the affirmative and 63.5% - in the negative.

Discussion

In general, the survey results presented above are compatible with expectations based
on common knowledge and the global research concerning the course of COVID-19 and
biological features of the SARS-CoV-2. The majority of the respondents got infected between
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January and April 2021 or between October and December 2020. It can be easily explained,
taking into consideration the fact that these are two periods, when the number of cases reported
daily was the highest since the outbreak of the coronavirus epidemic in Poland [8].

At that point in time, the virus had spread quickly among the public; therefore, there was
a strong possibility of getting infected. Above 30% of participants of this survey claimed that
the source of the infection was their household; the second largest group chose the answer "I
don't know" and the third believed that it was their workplace. The SARS-CoV-2 routes of
transmission, which are via respiratory droplets, contaminated objects, and aerosol, allow the
virus to spread easily in poorly ventilated indoor spaces [8]. Numerous studies showed that less
than 10% of SARS-CoV-2 infections occurred outdoors [9].

Also, the presymptomatic period and asymptomatic cases, typical for COVID-19,
contribute to spreading the infection on both household and work contacts [10].

Although personal protective equipment, disinfection and distance between co-workers
are usually introduced to minimize the risk of spreading the virus in the workspace, getting
infected is still possible, especially if employees fail to obey protective measures. It can be
assumed that a high percentage of people who can not tell where they could have gotten infected
comes from high contagiousness of the virus combined with mild or uncharacteristic symptoms
in some cases of non-hospitalized patients. Due to the fact that in Poland, most social activities
were in some measure limited or even forbidden by government regulations for a significant
amount of time, it is not surprising that only 7% of respondents indicate contact with friends as
a source of the infection. The next question of the survey raises the issue of initial symptoms of
COVID-19. The general distribution of answers, including most common manifestations,
proves that there is no specific first sign, even though "cough" was slightly more frequent than
the others. The COVID-19, because of its clinical characteristics, requires diagnostic algorithms
based on a combination of symptoms, which allow the selection of patients that need to be
examined closely in order to prevent further spreading of the virus [11].

The fact that symptoms may occur in multiple combinations and with different intensity
in each case has been particularly disturbing and forced health care systems to come up with
complex diagnosis plans. Another subject is the duration of the symptoms. Almost a half of
participants of this study recovered after 7-14 days, which is typical for a mild to moderate
course of coronavirus infection. However, there was also a significant group (24%) of patients
that claimed they had presented the symptoms for over 21 days. Over half of these patients have

been diagnosed with at least one chronic disease, suggesting that these two facts can be
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correlated and that comorbid conditions can prolong the infection. Respondents were also asked
about the symptom that remained for the longest time, and most of them indicated that it was
either cough or fatigue, which are also two of three the most common manifestations. About
16% chose "loss of smell or taste", which corresponds with prevailing trends. Studies also
showed that anosmia and ageusia tend to persist for a longer time in 20-39 [12].

A similar age group (30-45) comprises a big share of participants of this study, so the
results match almost perfectly to the mentioned research on the prevalence of smell and taste
disorders. Another aspect to the course of COVID-19 infection in our patients was their BMI
level. Overweight and obese patients seem to be a rising treatment challenge in modern
medicine. Although back in 2009, during the HIN1 influenza outbreak, we learned that severe
viral infections are highly related to patients' BMI levels, now the COVID-19 pandemic is
making this statement even more unfaltering. Hypertrophic adipocytes are proven to lead to
chronic inflammatory states, malfunction of immune system, and interferences with cellular
responses, resulting in patients being prone to acute course of SARS-CoV-2 infection [13].

Moreover, obesity is known to be one of the high risk factors of developing diabetes
which also is one of the immune system destabilizing factors. Our research results, in terms of
COVID-19 course in obese patients, cope with results from other European countries as well
as the USA and China [14], proving that over 56% of patients with severe course of COVID-
19 infection were overweight or obese while they constituted for only 44% of mild courses.
Apart from obesity, there are other comorbidities also affecting the course of infection, such as
hypertension (due to upregulated expression of ACE-2 receptors), asthma (impaired secretion
of IFN-A) or COPD (chronic obstructive pulmonary disease) [15].

Comorbidities increase the amount of severe courses of COVID-19 infection and raise
chances of lethal ending to it. In our research, patients with coexisting disorders stood for over
66% of cases with severe course of infection. Those patients were also at a bigger risk of
developing complications after suffering COVID-19, accounting for over 58% of patients with
post-COVID manifestations. Among which most common in tested patients were fatigue
(50,6%), exertional dyspnoea (40,2%), and problems with concentration (38%) which
corresponds with the presentation in similar patients groups around the world [16].

Although COVID-19 is certainly a new disease entity, post-covid functional limitations
are homogeneous to those occurring in other ARDS (acute respiratory distress syndrome) or

patients on long-term ICU treatments [17].
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Conclusions

The course of infection depends on numerous factors, which influence is either
already well recognized or still uncertain and undergoing research. Although scientists around
the world continue to investigate the newly discovered coronavirus, it is clear that
circumstances such as age, underlying medical conditions, general health state, and the genetic

variant of the virus impact the presence and severity of the symptoms.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the novel coronavirus
that causes coronavirus disease 2019 (COVID-19), has afflicted tens of millions of people in
a worldwide pandemic. As vaccines are observed to effectively prevent the symptomatic disease
and limit its transmission, awareness of actual risks and benefits of immunization is important for
managing the pandemic [1].

There are currently (as of July 2021) two mRNA vaccines that have been accepted by the
European Medicines Agency (EMA) and the European Commission and which are available for
common use in the European Union [2].

The vaccines - Comirnaty (Pfizer-BioNTech) and Spikevax (formerly COVID-19 Vaccine
Moderna) - are based on the mRNA technology that has been the research object since the late
1990s. The mRNA vaccines are administered by intramuscular injection and contain nucleoside-
modified mMRNA (modRNA) particles enclosed in a nano lipid capsule to penetrate the lipid bilayer
and enter the host cell [3,4,5]. Modified mRNA particles contain pseudouridine for better
translational capacities, increased stability, and no immunogenicity [6]. In addition, these particles
encode the SARS-CoV-2 full-length spike protein, modified by two proline mutations that lock the
protein in the perfusion conformation [7].

Earlier mRNA vaccine studies have shown that these particles are processed near the

injection site, primarily by myocytes, dendritic cells, monocytes, and macrophages, and are drained
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to local lymph nodes [8,9].

MRNA vaccines lead to a strong immune response with the production of SARS-CoV-2
spike protein neutralizing immunoglobulins, CD4+ T-cells, CD8+ T-cells, and immune-
modulatory cytokines, e.g., type | interferons and interferon-gamma (IFNy). This harmonized
immune response grants the neutralization of free viruses by antibodies and for virus clearance in

intracellular compartments by cytotoxic T lymphocytes [10,11,12].

Anaphylaxis

Anaphylaxis is an acute, multisystem, IgE-mediated hypersensitivity reaction that may be
potentially lethal [13]. There are several definitions and clinical criteria used to diagnose this condition
[14].

The Risk Management Plans submitted by companies to EMA and pharmacovigilance studies are
usually based on the Brighton Collaboration Criteria to assess the level of diagnostic certainty for
anaphylaxis. The risk of anaphylaxis after vaccinations is generally difficult to estimate due to many
adverse events following immunization (AEFIs) being reported as "anaphylaxis™ in its broad definition.
Apart from observations of actual cases of anaphylaxis after administering the mRNA vaccines, there
have been reports of misdiagnosing anaphylaxis as an adverse event following immunization. Certain
non-allergic vaccine-related reactions (such as vasovagal reactions and panic attacks which can also
induce stridor and dyspnea) may be falsely identified as anaphylaxis due to their similarity to
hypersensitivity reactions [15].

The summaries of product characteristics (SmPC) of the mMRNA SARS-Cov-2 vaccines listed the
frequency of anaphylaxis as "unknown" since no or few anaphylaxis cases were confirmed as an
adverse event following the administration of the vaccines during clinical trials and since post-
authorization data is still limited [4,5].

According to CDC reports, the frequency of anaphylaxis (which matched the Brighton
Collaboration case criteria) after the Comirnaty and Spikevax was estimated to be 11.1 and 2.5 per
million vaccine doses, respectively. Furthermore, 86-90% of these cases occurred within the first 30
minutes after dose vaccination, and 81-90% had a history of allergies or allergic reactions [16,17].

As anaphylactic reaction may be life-threatening, close observation of vaccinees for at least 15

minutes following vaccination is recommended to provide adequate treatment, if required [4,5].
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Possible vaccine ingredients causing allergic reactions

Both Spikevax and Comirnaty contain polyethylene glycol (PEG), which has been observed to
cause allergic reactions [18]. According to a revision of FDA data, PEGs may cause an average of 4
cases of anaphylaxis per year as they are commonly used as an active ingredient in laxatives for bowel
preparation, e.g., before colonoscopy procedures [19]. Spikevax also contains tromethamine (THAM),
another excipient that may be a potential allergen. THAM is usually used in drugs, contrast agents, and
cosmetics [20]. A CDC report on anaphylaxis cases after Spikevax administration has indicated that 2
out of 10 persons who experienced anaphylaxis had a history of hypersensitivity reactions to contrast
media [16]. Therefore, the link between anaphylaxis and tromethamine in Spikevax is possible;

however, further research is still required to confirm the relationship [20].

Myocarditis

SmPCs for both Spikevax and Comirnaty acknowledge very rare cases of myocarditis and
pericarditis observed primarily within 14 days following immunization, more often after the second
dose, and more often in younger patients men. However, available data does not indicate the
frequency of myocarditis and pericarditis to be higher than in the general population. It is also
advised that patients receiving the vaccines should be instructed to seek urgent medical attention if
they observe symptoms suggesting myocarditis or pericarditis such as acute and persistent chest
pain, shortness of breath or palpitations following immunization [4,5].

A study performed by Montgomery et al. examined 23 patients with identified myocarditis
out of 2 810 000 doses of mMRNA SARS-CoV-2 vaccines that the U.S. Military Health System
administered through April 30, 2021. A total of 23 patients (men, aged 20 to 51) experienced acute
chest pain within four days after receiving Comirnaty (7) or Spikevax (13), 20 of whom developed
these symptoms following the second vaccination of an appropriately spaced 2-dose series.
Twenty-two of the patients, serving in the military at the time, was previously healthy with a high
fitness level. Additional testing was performed to rule out other possible factors such as acute
COVID-19 and other infections, ischemic injury, or underlying autoimmune conditions. The

observed number of identified cases of myocarditis, though the adverse event occurred very rarely,
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was said to be higher than expected among male military members after a second vaccination [21].

Acute onset of chest pain four days after vaccination, usually after a second dose,
corresponds with findings described in other similar reports and may suggest an immune-mediated
mechanism of this adverse reaction [22].

Although the exact mechanism of myocarditis following immunization with mMRNA SARS-
CoV-2 vaccines is not fully understood, it is important to note that myocardial inflammation is a
known complication of COVID-19 infection, occurring in as much as 4,8% of hospitalized patients
[23]. Recognizing the efficacy of the SARS-CoV-2 vaccines in preventing infection, any risk of
rare adverse events following immunization must be carefully weighed against the very substantial

benefit of vaccination [22].

Acute peripheral facial paralysis

Acute peripheral facial paralysis (APFP) is another rare adverse reaction associated mainly
with the mRNA SARS-CoV-2 vaccines. During the phase, three clinical trials for Comirnaty and
Spikevax, 8 cases of APFP were observed in the participants. In the clinical trial for Comirnaty,
there were 4 cases of APFP in the vaccine recipients (out of 18 860 vaccinated) - all described as
non-serious. In the clinical trials for the Spikevax vaccine, there were 3 cases of APFP in the
vaccine recipients (out of 15 181 vaccinated) and 1 in a placebo recipient (out of 15 170 given
placebo). All cases were observed shortly after injection (between 3 and 48 days after the second
dose). APFP was resolved in 2 cases and was persisting or being resolved in 6 cases at data cutoff
[7,24].

Concerning the mechanism of this reaction, some hypotheses point at the type | interferons
that are important for modulating T cell response to mRNA vaccines [11,25]. Transient
lymphopenia, observed as an adverse reaction in clinical trials for the mRNA vaccines, is similar
to the normal effect of type | interferons [26] and the decreased levels of CD3 and CD4 cells
observed during the acute stage of APFP [27]. Moreover, APFP is also reported as an adverse
reaction to interferon-a (IFN-a) therapy in hepatitis C virus infection. A possible explanation
suggested by Hoare et al. is that interferon-a therapy causes the breakdown of peripheral tolerance

to myelin sheath antigens, leading to neuropathy [28]. Though the exact mechanism of association
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between facial paralysis and mMRNA COVID-19 vaccines remains to be investigated further, the

risk for this adverse reaction is presumably very low [25].

Conclusions

Rare adverse events following immunization with mMRNA SARS-CoV-2 vaccines reviewed
in this paper include anaphylaxis, myocarditis, and acute peripheral facial paralysis. While APFP
does not pose a threat to a vaccinee's life, both anaphylaxis and myocarditis may be lethal if not
treated properly. Therefore, vigilance against specific symptoms is essential for counteracting
dangerous complications. More research is required to fully understand the mechanisms behind
such adverse reactions as APFP and myocarditis following immunization with mRNA SARS-CoV-
2 vaccines. While analyzing the risks associated with the immunization, it is important to maintain
awareness of its efficacy in preventing the symptomatic COVID-19 and limiting its transmission.
Severe adverse reactions occur rarely, and the general benefits of immunization outweigh the risk

of adverse events.
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Introduction

Efficient and well-organized psychiatric and psychological care is undeniably one of
the essential pillars of a healthy and well-functioning society. It is easy to notice the global
trend of its reorganization - large and closed care facilities are disappearing in favor of those
smaller, more accessible, and closer to the patient. It aims to provide the most comprehensive
help possible to the patient. Specialists of all kinds - psychiatrists, psychotherapists - cooperate
in centers also in smaller towns, making it much easier for those in need to seek help in difficult
life situations and psychiatric care.

Moreover, what does it look like in Poland?  Attempts to restructure the entire
psychiatric and psychological care system struggle with many problems - from purely systemic
and financial to social, related to traditional views of psychiatric patients and, therefore,
stigmatization. As a result, the quality of the care provided is low, and unfortunately, only
a few seek help in private branches of this sector. The current global situation is the driving
force behind changes in this topic. The SARS-CoV-2 virus pandemic seems to be a turning
point that has exposed the ubiquitous shortcomings and enormous psychiatric and
psychological needs of society. The societal stigmatization of the sick and those seeking help

is slowly starting to lose its importance.
The structure of psychiatric care in Poland

At the end of the first half of 2019, in 15 voivodships, there were 40 inpatients, 24-hour

253



Psychiatric care in Poland - overview and identification of crucial issues

psychiatric wards for children and adolescents. Only Podlaskie Voivodeship has no such
institution available. At the same time, 46-day departments operated only in 11 of all the
voivodships. No such departments are present in the Opolskie, Lubuskie, Swietokrzyskie,
Warminsko-Mazurskie and Zachodniopomorskie. A total of 171 centers providing psychiatric
help operated on an outpatient basis [1].

The best solution for the patient is probably the environment where most of the services
are provided in facilities close to his / her place of residence. Such a trend can also be observed
- various types of out-of-hospital care are being developed more and more often, enabling the
independent functioning of the treated person [2].

For four years now, there has also been a legal ordinance that provides the basis for
creating units explicitly designed for this purpose. According to the recommendations
contained in the Regulation of the Council of Ministers of February 8, 2017 (Journal of Laws
of 2017, item 458), primary psychiatric care is to be provided by the Mental Health Center [3].

Ultimately, one such center is to operate in an area inhabited by no more than 200,000
residents. The Mental Health Center consists of an outpatient team (otherwise known as an
outpatient clinic), a community team (highly mobile in principle), a day team, and a hospital
team.

The implemented solutions aim to limit the role of round-the-clock hospital care in favor
of open and environmental forms. These are modern and effective forms, thanks to which
a better patient quality of life is possible [4].

Thanks to introducing the community model of psychiatric health care, people suffering
from mental disorders can benefit from assistance close to their residence. This significantly
increases its potential availability to patients, and probably also makes it easier to reach more
people in need - the stigma of staying in a psychiatric hospital is gone, the patient and his
environment have the opportunity to receive an appointment at the clinic similar to a visit to
a family doctor. As can be seen, it is essential to develop an effective program, thanks to which
departmental facilities with psychiatric departments will be adapted to the conditions of the

environmental model of psychiatric care [3].

Financing challenges

Financing psychiatry in Poland has been a huge problem for years. The public

expenditure allocated to it from the budget of the National Health Fund is just over
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PLN 3 billion. In addition, private expenditure is growing dynamically and currently amounts
to approximately PLN 500 million [5]. Regarding psychiatric care spending, Poland is almost
at the bottom of the list of European Union countries, which considers the amount of
expenditure allocated to public health per capita of a given country. We spend only 3.7% on
financing psychiatric care - that is, the previously mentioned less than PLN 3.5 billion - of the
entire amount at the disposal of the state health care. This is very low compared to Western
European countries, where this percentage is around 6 to 8% [1]. For comparison, in Germany,
it is almost four times higher than in Poland [6].

The required percentage postulated based on data from European Union countries,
specifying the minimum level of financing psychiatry from public funds is 5%. This means
expenses at the level of approximately PLN 4.5 billion per year. Therefore, according to the
statistical data, Poland has a chance to achieve the required level of financing for psychiatry no
sooner than in the next few years, but only if the private expenditure is taken into account in
the amount mentioned above [1].

The Polish psychiatric treatment system is not showing good effectiveness in meeting
the needs. It is inefficient; it lacks sufficient resources in many areas, from financial to human
resources. Moreover, it is characterized by their unbalanced distribution - mainly the dominance
of one-sided, poor offers of large hospital facilities with a significant deficit in community care.
Insufficient, irrational financing of psychiatry, discriminating against other areas of health care,
is not sufficient for current needs, restoration of resources, or any investments. In addition to
the too low total amount allocated from public funds to Polish psychiatry, the structure of these
expenses is even more worrying, where as much as 70% is spent on inpatient care and only 1%
on community care [7].

The fact that the needs of the psychiatric sector in Poland significantly exceed the
resources available is widely known both in the medical community and in the broadly
understood public opinion. Therefore, as part of the change in the financial plan, the National
Health Fund was to allocate an additional amount of approximately PLN 242 million from the
reserve fund. These measures, implemented from April 1, 2020, were intended to support a new
model of psychiatric care for children and adolescents [1]. It included launching community
care facilities, which were to become the basis of the reformed system of child psychiatry - as
the first reference level. The second reference level was mental health centers for children and
adolescents, and the third was hospitals.

Expenditure from the National Health Fund budget included in the financial plan for
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psychiatric care and addiction treatment for 2020 is PLN 2,756,778. After taking into account
the migration reserve, it will amount to PLN 3,153,602 [1]. This means an increase in expenses
compared to 2019 at the level of about 9%. However, it should be remembered that although
this is undeniable progress, these numbers are still meager compared to Western European
standards [8].

It must be noted that the financial situation of psychiatry in Poland is characterized by
low expenses for individual health services accompanied by high indirect costs of mental
diseases. These indirect costs are mainly related to the absence or incapacity of the employee.
In 2012 to 2018, due to various mental disorders, the number of sickness days increased by
almost 40%. Additionally, ZUS data shows that sick leave due to mental disorders was longer
in 2018 compared to previous years [1]. The above explains an incorrect picture of the
relationship, in which the indirect costs of mental disorders exceed the expenses needed for the
implementation of health services.

A barrier that significantly hinders the implementation of activities in the field of health
promotion - not only mental for the record, however here focusing on the mental aspect - is the
shortage of systemic solutions. In particular, this shortage consists of the lack or insufficient
amount of funds allocated to the creation or implementation of mental health promotion
programs. There is no institution, neither within the structures of the Ministry of Health nor in
other ministries, which would be responsible for creating and supervising the state policy in
this area. The ministries usually explain their inactivity in this area with difficulties in finding
funding [9].

The insufficient financing of psychiatry in Poland results from difficulties with
a reimbursed visit to a specialist doctor and social stigmatization of patients in larger psychiatric
hospitals, the exceptionally high medicalization of this branch of medicine. This means that
numerous medical procedures, especially drugs, are often unnecessarily used, which would not
be necessary if the staff was adequately trained and prepared. However, training or learning
beyond basic response, such as administering sedatives to the patient and employing highly
trained and qualified personnel, is associated with a more significant financial burden.

There is also a problem with how mental health services are financed. It is in the interest
of psychiatric hospitals to admit patients for a more extended period of hospitalization. There
is a so-called method of person-day payments, from which it follows that "no bed should be
idle" — that is, each free place, paid for by the National Health Fund, should be adequately (by
filling) managed [6]. This settlement method causes an understandable reluctance of institutions

to short hospitalizations of patients, which require more effort from them and would force for
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the relationship between patient and institution to be renewed much frequently.

Deficit of psychiatrists

The deficit of psychiatrists in Poland is a significant problem. The need for medical
assistance in this area will affect about half of Poles in their life course, and 23.4% of the
population can be diagnosed with at least one mental health disorder [1,10]. Unfortunately, the
waiting time for a visit to a psychiatrist at the National Health Fund is about four months, and
sometimes even longer [10]. With the characteristics of psychiatric diseases, their urgency, and
the frequent need for immediate help, it is not easy to consider the length of the queues as
optimal.

According to the Supreme Medical Chamber data in Poland, over 4.2 thousand
psychiatrists are currently employed - this gives the ratio of approximately nine doctors per
100,000 people. However, there are only about 400 doctors per 7 million young patients [10].
It is also worth noting the uneven distribution of psychiatrists between individual provinces,
mentioned earlier in the study [1]. Apart from the insufficient medical staff, the shortages are
also visible among nurses, psychologists, and psychotherapists.

One of the first solutions that come to mind, which would help solve many pressing
problems, seems to be increasing the number of specialization opportunities for doctors in
psychiatry and subsidizing the choice of specialization in psychiatry for both adults and children
among medical school graduates. A similar strategy would allow for shortening of the queues
to a specialist and would make it possible to 'make up for staff shortages in a relatively short
time. It is also important to improve doctors' working environment and develop their
cooperation with psychologists, health assistants, and therapists. Working on each of these
aspects of patient care can significantly improve the quality of services provided and increase
their availability, which should be considered a priority when trying to restructure the entire
system.

In order to increase the number of staff, not only doctors should be able to specialize in
psychotherapy of children and adolescents - a similar possibility, although more limited, should
also be offered to representatives of other medical professions. Since 2018, the pilot program
of the mentioned earlier Mental Health Centers has been underway. If this form of assistance
proves insufficient, patients will be referred to the Community Mental Health Center.

According to the process, a highly specialized psychiatric care center should be the last place
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where a young patient is referred - only if the earlier options are exhausted [10]. Such

organization of care allows for faster response and potentially greater effectiveness.

Development of the private sector

Due to the growing needs of patients and health care workers in psychiatric care, the
investment activity of private entities in this sector is becoming more and more noticeable [5].
Lack of sufficient funding for the national system pushes both patients and professionals into
the private sector. Patients are referred for help outside the system reimbursed by the National
Health Fund, usually due to long waiting times for an appointment or the lack of availability of
appropriate treatment options. For obvious reasons, not everyone can benefit from a private
system. This is because of the high costs of such care, which can be surprisingly high, especially
considering the chronic nature of psychiatric diseases and disorders.

Employees, especially psychologists, leave for private establishments due to low wages
in the public sector - they look for employment in already existing units or try their hands with
their own private business, setting up a company and working on a self-employment basis.
Many of them invest on their own in specialist courses required for the psychotherapist. In
addition to the costs of specialization, there are also costs related to developing and raising
qualifications. This is a large financial investment that public institutions are not able to cover.
As a result, experienced psychologists and psychotherapists move away from the state system
to private practice. They are guaranteed much higher earnings and development opportunities
— normally not available with the national system. All this leads to a situation where the
nationally operated system lacks experienced psychologists with specialization and certified
therapists. Also, newly hired employees cannot fully replace their predecessors due to
insufficient levels of knowledge, skills, and professional experience, which they have no one
to learn. The National Health Fund has introduced a scoring system to deal with this shortage
of specialists. Here, the services of a clinical psychologist are being equalized to those with
only two years of clinical experience, which directly translates into their valuation and thus the
financial stability of the units employing them [6].

According to experts from Upper Finance Med Consulting, which had been tasked with
analyzing the medical services market in Poland and Europe, "the future of private psychiatric
care will be shaped by the constant increase in spending on psychiatric care. The growing scale

of patients' needs and the growing tendency to consolidate the sector by private investors™ [5].
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The agency estimated that the value of the psychiatric sector will increase to PLN 4 billion in
2023, while the growth rate of private expenditure will be even faster [5].

The trend is already clearly visible - there are about 1.5 thousand entities providing
services in psychiatric care in Poland, and almost 60% of them are private [5]. Mental health
clinics are being opened in almost all private centers. Such services are often offered in parallel
and financed by the National Health Fund. Interestingly, Mental Health Centers are an excellent
example of the operation of the medical institution without interference from the National
Health Fund. At the mental health clinic level, each admission and consultation point must
admit every patient who comes to this place and who requires psychiatric help. Psychologists,
psychiatric nurses, and community therapists are employed and on duty in such a facility. One
admission point can serve the maximum community of 80,000 aged 18 and over [11].

We can distinguish different levels of care provided in a mental health center.

These are:

Mental health clinic with admission and consultation point (outpatient level).

Psychiatric day ward.

Community (home) Treatment Teams.

Psychiatric ward (inpatient, hospital psychiatric services) [11].

The importance of combining the private and public sectors is undeniable - the Allenort
Capital Fund has created the most advanced private psychiatric care project in Poland. The
Fund allowed for developing a network of institutions and the launching of the first private
hospital in Warsaw. ACF is well known for providing comprehensive mental health care [12].

This private hospital provides patients with quick access to medical procedures and
ensures the intimacy and comprehensiveness of health care. It is possible to diagnose a patient,
treat and treat him/her in one place. All this contributes to a significant shortening of the
patient's hospitalization time [12].

Undoubtedly, private investments can strengthen psychiatric care in Poland. With the
COVID-19 pandemic at the forefront, increasing challenges are becoming an impulse to invest
in the private sector engaged in the field of psychiatry. Therefore, it is necessary to speed up
the designating other Centers so that the reformed psychiatric care will be available to all Polish
citizens in the next few years. Furthermore, centers responsible for contracting medical care
services that currently cover over 90% of our country's inhabitants should undergo a thorough
evaluation of procedures, especially in psychiatric care, which would significantly improve
their functioning [11].
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Suicidology

The suicidal attempt is a serious problem not only for the individual but also for the
public healthcare system. There is an easily noticeable relationship - the higher the suicide death
rates, the greater the disintegration of society [14]. In Poland, suicides are the seventh cause of
death among men and women [15]. Showing one specific cause for suicide is not possible due
to its basis stemming from different and co-occurring factors. This is a theatrical interaction
effect of the genetic, psychological, sociological, biological, and cultural inputs.

Person deciding to take own life can be characterized by gender, age, residence,
education, religion, marital status, or social status. The highest rates of female and male suicide
deaths are seen in the age range of 45-60 years; in addition, men commit suicide more
frequently than women - in Poland, there is a high disproportion between male and female
suicide deaths, amounting to 6: 1. In 2017, the number of deaths due to suicide was 5,276, of
which 4,524 were men and only 751 women. Men choose objectively more effective methods
of taking their own lives, such as jumping from a height or using firearms. In contrast, women
most often use less violent methods for this purpose, e.g., overdosing on sleeping pills. Despite
the gender disproportion significantly inclining towards men in successfully taking their own
life, women are three times more likely to attempt suicide.

Men use medical help less often and live under the pressure of society related to higher
expectations much more often than women, which may impact the reported statistics [14].
According to the World Health Organization, previous attempts were noted in 50% of suicides
[16]. Among adolescents, males are five times more likely to commit suicide than females.
However, males are three times less likely to attempt suicide [13,17].

The problems that can lead to taking one's own life are different for each age group.
However, the basis of such a dramatic decision in young people is most often family problems,
breakups, bad financial situations, death of a loved one, conflicts with the law, problems with
peers, unwanted pregnancy, and illness [18]. Factors influencing the decision to end life also
include the sense of security not being provided by the parents, their alcoholism, broadly
understood violence present in the environment, and also the death of the parents [19]. Lack of
love, possessiveness, and conflicts between parents also influence suicidal thoughts [20].

There is a correlation between the severity of the suicide incidence among offspring and
its upbringing in a dysfunctional family. The school environment also has an impact on the

child's development. Teachers should be supportive, adapt the level of teaching, and avoid
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treating students impersonally. Children who have learning difficulties commit suicide more
often [14]. Rarely is suicide caused by just one reason. Two critical factors are individual
suicidal tendencies and a suicidogenic environment, which, when overlapped, may lead to the
taking of life [21].

Among adults, their marital status seems to be of significant importance. Widowers,
widows, or divorced people are four times more likely to commit suicide than married people.
A sudden change in marital status, in particular the first year of being single and alone, is
essential in this case. Also noted are socio-professional factors, such as job change or loss,
retirement, or dissatisfaction with the current occupation. According to research, the
unemployed, manual workers, and farmers most often take their own lives. The problem also
applies to people who feel afraid of losing their job and have no prospect of a new source of
income. White-collar workers are the least likely to commit suicide. It is likely influenced by
an excellent financial situation and high social status.

Another critical factor is a place of living. People living in the city commit suicide less
frequently, which may be influenced by greater integration and a stronger family bond, possibly
also easier availability of early psychological and psychiatric help.

There is a higher suicide rate in the countryside, which may be related to a greater sense
of isolation, loneliness, and difficulty obtaining appropriate help. The most significant number
of suicides occurs in the areas with the highest intensity of social and living problems, such as
unemployment [14].

The risk of undertaking a suicide attempt is significant in people with labile moods, high
levels of manifested aggression and impulsivity, and between people suffering from anxiety
[22]. Traumatic events also contribute to the occurrence of pessimistic thoughts. They include
addictions, mental illness, imprisonment of a family member, violence, divorce, or separation
of parents [23]. The life skills of an individual, which affect the ability to make decisions, solve
problems and create relationships with other people, also have a significant impact [24].
Behavioral disorders, including gambling, addiction to electronic devices, sex, work, shopping,
may also contribute to suicidal behavior [25].

People living with chronic conditions such as AIDS, cancer, multiple sclerosis,
Huntington's disease, and temporal epilepsy are more likely to commit suicide than healthy
people. This risk is also greater in people with mental disorders. Most often, it concerns
depression, schizophrenia, and bipolar disorder [21]. In the case of biological risk factors of
suicide, disturbances in transmission or deficiencies of dopamine and serotonin, which may

lead to suicidal thoughts, are essential [26].
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Social stigma

Promotion of mental health is often associated with activities undertaken only and
exclusively towards people suffering from psychiatric disorders or diseases. This association is
caused by insufficient knowledge, not understanding the problem, or reluctance to understand
it. The negative overtone of this concept is so deeply rooted in social consciousness that it works
on the principle of a cognitive bias in which we equate mental health with mental problems [9].
As a result, most people in Polish society associate mental health with its opposite - disorders,
diseases, or any mental problems. This attitude stems from the well-rooted incorrect definition
of public health and mental illness [9].

Diagnosing a patient with a mental illness is very often associated with exclusion and a
severe social burden. Patients feel fear and anxiety of being perceived only as "a mentally ill
person” [27]. The negative perception of mentally ill people leads to a delay in seeking help,
diagnosis, and appropriate treatment. These results in a worse prognosis, a lower level of
functioning in society, and a deterioration in the patient's quality of life [28]. In colloquial
speech, terms describing mentally ill people are used; they are usually offensive and vulgar.
All this means that we are dealing with the labeling of patients or people using the help of
therapists. Such etiquette violates the psychological comfort and the sense of security and
belonging in a given community. These results in the psychiatric patient's perception of the
necessity to assume a different role, a kind of change of social identity [27].

The way of thinking about people with mental disorders, incredibly dominant among
Poles, is to categorize such patients as a threat requiring isolation from a healthy society. Thus,
ever-increasing social isolation is associated with fear of evaluation and rejection but may also
increase to psychopathology. Researchers emphasize that mental illness "is not only a set of
psychopathological symptoms, but above all the everyday experiences of a mentally ill person,
greater dependence on people and institutions, and exclusion from many areas of life" [28].

Diagnosing a mental disorder in our country means stigmatization that patients
experience from society, including employers and other aspects of everyday life. An example
is when persons diagnosed with a mental illness cannot get married without a court decision
[6]. We can read this in art. 12. § 1. "An obstacle to mental illness or mental retardation”
contained in the Family and Guardianship Code, according to which "A person who has
a mental illness or mental retardation cannot enter marriage. However, if the state of health or

mind of such a person does not threaten the marriage or the health of future offspring and if the
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person has not been completely incapacitated, the court may allow him/her to marry" [29].

Upon completion of treatment in a psychiatric facility, the Polish state in no way makes
it easier for the patient to return to an independent life. There are no initiatives to support these
people - those that would help them get an education, find a job, or return to function with
family and friends. After leaving the hospital walls, most people become depressed or unable
to cope with ordinary activities, thus destroying the chances of living in any social group they
are returning to [6].

It is worth paying attention to the stigmatization of patients and psychiatric diseases,
which also occurs among representatives of medical professions, including psychiatric care
[28].

Indirect contact with the mentally ill healthcare workers experienced embarrassment,
compassion, fear, helplessness, and concern [30]. In Nordt's study, psychiatrists used harmful
stereotypes when dealing with people suffering from mental disorders more often than the
general population. Negative opinions about psychiatric patients, such as being dangerous or
unpredictable, were much higher in the group of psychiatrists than in the general population.
The author also showed a much higher level of social distancing towards people who have
schizophrenia compared to patients with depression and healthy people [31]. It is worth noting
that almost 44% of the surveyed psychiatrists (and over 56% of employers) believe that
a history of mental illness limits a person's ability to work. As many as 13.5% of Polish
psychiatrists (and 30% of employers) claim that a mentally ill person is incapable of teamwork
[28].

Stigma and discrimination are the main barriers to the development of psychiatric care.
Also, such stigmatization reduces the quality of life of psychiatric patients. Being ashamed of
admitting a mental illness and showing a tendency to conceal it are the first steps to perpetuating
the stigma process. Stigmatization, in turn, favors the perception that the patient is suffering
through the prism of negative stereotypes describing the disease and mentally ill people
functioning in society [32].

The concept of promoting mental health requires a positive tone and continued
challenge to the stereotypical approach. Therefore, it is essential to disseminate a positive
understanding of concepts related to psychology and psychiatry. In order to build a better
approach for our society, first of all, it is necessary to educate people - of all ages, social and
professional groups - about psychiatric disorders and about building relationships with people

suffering from such diseases. Also, the development, funding, and implementation of programs

263



Psychiatric care in Poland - overview and identification of crucial issues

promoting general acceptance and tolerance of people suffering from psychiatric disorders are
of great importance. Furthermore, positive mental health should become the basis of the

education program of various professions [9].

Psychiatric care in light of The COVID-19 pandemic

The pandemic changed our world dramatically, influenced the level of stress we felt,
and increased our anxiety for our own and loved ones' health. Additionally, isolation led to
a greater disintegration of society, and the restriction of movement, set by the governments
Resulted in lower overall activity. An isolating person is deprived of appropriate social and
physical stimulators, which leads to an increase in the percentage of mental illnesses, including
depression. The very process of adapting to this difficult situation is quite stressful and creates
a huge psychological burden for many people. Patients who have already been diagnosed with
mental illness may experience augmentation of the disease [1]. All this will impact the increase
of needs in the field of psychiatric care, all shortly.

In the ongoing pandemic, an increased number of mental disorders manifested as
broadly understood panic and anxiety can be seen [33]. This may be related to the mentioned
above recommendations for the sanitary-epidemiological regime. In some cases, the new
requirements take an exaggerated form, which may be harmful and adversely affect the psyche
of those affected. In addition, there is a noticeable tendency in society to pay much more
attention to the symptoms of the disease, including coughing and shortness of breath and control
body temperature. Before the pandemic, such symptoms, despite their prevalence, did not cause
such fears as they do today.

Patients diagnosed with SARS-CoV-2, being quarantined, and their families are
exposed to stress and fear for their own and relatives lives. Long-term, chronic stress may result
in various types of mental disorders in previously healthy people [33]. An additional aspect is
a fear resulting from the ignorance of COVID-19 disease - its course, complications, prognosis,
or treatment. The disease entity is something new for us, and we certainly do not know
everything about it yet.

In people with primary mental disorders, we observe a limitation of outpatient medical
visits in favor of electronic communications, which cannot fully replace the doctor-patient
contact [33]. It is also worth noting that the lockdown and limitation of personal medical visits

resulted in reducing expenses for the treatment of mental diseases and addictions [1]. In the
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meantime, the number of offers of psychological help from hard-to-verify people has increased.
Unfortunately, there are no registers to check the qualifications of these people [6].

The current pandemic is a massive challenge for a system based on large institutions.
Day psychiatric wards, where patients come to psychotherapeutic sessions and psychiatric help,
have been closed due to an epidemic. In contrast, inpatient psychiatric wards only accept the
patient inwhere the threat to life and health exists. In addition, planned parties have been
suspended [6]. As a result, many patients have lost psychological support.

The mass media provides information about the pandemic, which often shows reality
differently and has a huge impact on psychological comfort. This increases the risk of suicidal
thoughts and self-destructive behavior. Chaos and lack of guidance will intensify the feeling of
threat, fear, incompetence, and helplessness [33]. Therefore, the information provided should
be clear and easy to digest. The credibility and wide availability of the media are of great
importance in feeling safe and dealing with powerlessness. An improperly delivered health
message will never have the desired effect.

Each of the social groups and each individual in a given society is characterized by
different mental health needs [33]. Due to the differences among people, information messages
should be tailored individually. The implemented systems should take into account different
needs.

Particular attention should be paid to health care workers, whose work in a pandemic is
associated with occupational risk. The COVID-19 pandemic has exposed significant gaps in
health care that affect the quality of working conditions. Due to their exposure to infection, the
staff is more susceptible to stress and its effects [33]. Staff shortages in the psychiatric sector
and a deficit of personal protective equipment are perceived by employees as an emotional and
psychological burden.

The ZUS report shows that in 2020, compared to 2019, there was a significant increase
in the number of diagnoses of mental disorders - by as much as 25%. In addition, there was an
increase in the number of days of absence due to various types of illness by 37% compared to
2019. The main reasons for the medical leave of absence were depressive episodes, severe
stress, adaptation disorders, and anxiety disorders. Not only has there been an increase in the
number of dismissals due to mental and behavioral disorders, the average duration of a medical
leave of absence has also increased. In 2020, it was a period of up to 19 days [12].

In order to ensure organizational security, specific solutions and procedures should be
presented; these should aim at increasing support to the system. It is impossible to achieve

a state of mental stability without introducing an executive order.
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Conclusions

There is no doubt that Polish psychiatry and psychotherapy began to change slowly
along the lines of Western centers. There are new legal solutions that force their restructuring
and reorganization. However, one of the biggest problems is a serious issue related to the
financing of existing plants and any changes that would have to apply to them. It is necessary
to take specific steps that will allow us to increase the expenditure on psychiatric care in Poland.
It is also necessary to continue with actions that have already been taken or planned. The
problem of financing is significant as it underlies many other weaknesses of the system. It
directly influences the deficit of any specialists. Medical specialization is not attractive
compared to others - work is low paid, demanding, training conditions are not optimal, and does
not encourage specialized competencies development. This problem also applies to
psychotherapists, who are worse off with remuneration and where training or development
opportunities are not being offered. This leads to highly qualified personnel leaving for the
private sector, making it even more difficult to train more professionals to fill the existing public
sector gap. There is simply no one to train them. Low funding results in the lack of educational
programs that would help society gain familiarization with mental illness and disorders
problems. This negatively impacts the perception of people seeking help or receiving
psychiatric treatment by their peers living in an intimate environment, which discourages them
from continuing treatment or starting it at all. The effect of such an unfavorable combination of
many factors is, for example, a high percentage of suicides and suicide attempts.

Increasing the financial expenditure for psychiatric care is only the beginning of the
road to repairing its problems. Resources must be managed wisely - further development of
small and easily accessible psychiatric and psychological care facilities is necessary, which will
make it easier for those in need to seek help. These should also be established at existing
facilities, e.g., schools. This would enable for identification of potential problems in
adolescents - it would allow, for example, to work with people struggling with various types of
addictions, problems in the family environment, or the onset of psychiatric diseases. The
pandemic of the SARS-CoV-2 virus has exposed the scale of psychiatric and psychological
problems among many societies. It allowed for some taboo topics to be slowly forgotten. More
people are indeed treated by a psychiatrist or using psychotherapy to their relatives and
colleagues. It is hoped that the current trend will not lose its relevance and will accompany the

necessary systemic changes.
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Abbreviation list
e 5-HT2A - serotonin 2A receptor;
e ASD - Autism Spectrum Disorders;
e DMT - dimetylotryptamine;
e DXM - dextromethorphan;
e METH - d-methamphetamine;
e MDE - 3,4-methylenedioxyethylamphetamine;
e MDMA - 3,4-methylenedioxymethamphetamine;
e LSD - D- lysergic acid diethylamide;
e PCP - phencyclidine;
e PTSD - Post Traumatic Stress Disorder;

e OCD - Obsessive-Compulsive Disorder.

Introduction

Hallucinogens are a diverse group of substances that produce psychological effects by
altering a person's awareness and changing perception, thought, and feeling. They are divided
into two groups: classic hallucinogens, also known as psychedelics such as LSD (D-lysergic
acid diethylamide), psilocybin, peyote, DMT (N,N-dimethyltryptamine), 251-NBOMe
and dissociative group, which includes: PCP (phencyclidine), ketamine, DXM (dextrometho-
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rphan) and saliva (Salivia divinorum) [1]. These psychedelics are a serotonin 2A receptor
(5-HT2A) agonist, which anatomically are mostly densely expressed in high-level association
cortex [2]. There is also a new "designer drug"”, 3,4-methylenedioxymethamphetamine
(MDMA), which stimulates the release of serotonin and inhibits their reuptake by blocking
serotonin transporter [3]. Therefore, as a psychoactive substance, classic hallucinogens can
strongly affect the brain, causing the intensified feeling and sensory experiences, panic,
paranoia, psychosis, uncoordinated movements, feeling of relaxation and systemic effects:
increased heart rate, nausea, loss of appetite, dry mouth and others [3,4].

The effect of psychedelics on different diseases has been analyzed for many years. LSD
was used in psychotherapy, especially in the treatment of alcoholism, in the supportive care of
the terminally ill cancer patient, among the children with autism spectrum disorders (ASD),
[5,6,7,8]. Nowadays, there is more evidence that psychedelics can effectively reduce
depression and anxiety symptoms. Moreover, they are well-tolerated and adverse effects like
increased heart rate, nausea, loss of appetite, and dry mouth are not common [9]. Additionally,
it was observed that after LSD, social inversion and severe personality disturbances improved
[10]. LSD and psilocybin also play a role in treating dementia, especially early Alzheimer's
Disease (AD) [11]. Activation of 5-HT2A receptors by LSD alters gene expression, which is
crucial for schizophrenia. On the animal model of psychosis with low doses of LSD, the process
of the development and progression of schizophrenia was analyzed [12,13]. The therapy of
LSD in schizophrenic patients had negative consequences like increased depersonalization,
perceptual disturbances, and disturbed motor behavior [14]. The positive effect of LSD was
observed as a treatment for alcohol use disorder. Her single dose was more beneficial to
maintain abstinence compared to naltrexone, acamprosate or disulfiram. The effect of LSD
usage was between 6 to 12 months [15].

3,4-Methylenedioxymethamphetamine (MDMA), known as ecstasy (E), was
administered to women with chronic Post-traumatic stress disorder (PTSD) from sexual
trauma. After the treatment, rating scales measuring the severity of PTSD symptoms showed
mean reduction with MDMA, and these effects were sustained to 1-month follow up [16].

Psilocybin, like other psychedelic substances, was shown to decrease symptoms of
depression and anxiety, but it was also checked in patients with obsessive-compulsive disorder
(OCD) and in smoking cessation [17]. The first study presented that OCD symptoms decreased
by 45% without a relationship between the dosage, but the number of patients in this study was

only 9 [18]. Patients who wanted to quit smoking were treated with psilocybin during
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a 15-week course of cognitive-behavioral therapy. At 6-month follow-up, 12 of 15 subjects
demonstrated abstinence and had significantly higher ratings of meaningfulness and spiritual
significance [19].

Effects of psychedelics are powerful and vivid, claimed to produce temporary,
psychosis-like states [20].

There are various types of the psychedelic experience, including alterations in human
consciousness and even mystical-type experiences, such as the feeling of "oceanic
boundlessness,” internal and external unity, sacredness, and transcendence of time and space
[21].

Intense and inimitable sensations accompanying the intake of psychedelic make it
virtually impossible to design a clinical trial in which both participants and researchers remain
unaware of the outcome of randomization. Consequently, studies concerning such substances
face a significant methodological problem, which is proper construction of control groups
despite the therapeutic potential. To overcome this problem, researchers attempt to develop
a novel study design and placebo.

This work aims to review randomized, double-blind, and placebo-controlled studies of
psilocybin, one of the classic serotonergic psychedelics, and analyze each study's control group
structure. In this regard, 46 articles were searched via the PubMed database. Eventually,

31 clinical trials were analyzed.

Inactive placebo

In most of the studies patients received inactive placebo, which was lactose
[22,23,24,25,26,27,28,29,30], mannitol [31,32], maltose [33], saline [34,35], natrium
chloratum 0,9% [36] or just empty capsules [37,38,39,40].

First study conducted by Gouzoulis-Mayfrank et al noted that all (n=8) participants in
the psilocybin group and half (n=4) placebo group guessed correctly if they received
hallucinogen or placebo [22].

In Smigielski et al. study, the possibility that participants may recognize the active or
inactive conditions was considered a major limitation. Researchers choose rather psychedelic
naive volunteers and limited opportunity for interpersonal exchange within others [30]. Other
researchers did not include their observation in this aspect. However, most of them focused on

neuroimaging rather than measuring subjective effects of psilocybin [27,29,32,33,35].
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Non-psychoactive substances as placebo - niacin

Considering the above reports of blinding difficulties, some researchers used substances
with mild physiological effects as a placebo in control groups. For example, in Grob et al. and
Ross et al.'s studies, control groups received 250 mg niacin, which causes little physiological
reaction such as flushing and hypotension, sense of warmth, arousal, or tingling sensations
without influencing the mental state. However, nearly all participants and therapists guessed

correctly whether participants received psilocybin or placebo [17,41].

Psychoactive substances as placebo

In contrast to their first study, Gouzoulis-Mayfrank et al., in the further trial, suggested
that design with different psychoactive substances with overlapping psychological effects may
be more accurate to maintain blinding procedure. Thus, they randomized participants into four
groups; each received psilocybin, 3,4-methylenedioxyethylamphetamine (MDE), and d-
methamphetamine (METH) or placebo (empty capsules). Unfortunately, MDE and METH
caused notable different effects than psilocybin [37,38,39]. Griffiths et al. used
methylphenidate hydrochloride (40 mg/70 kg), a stimulant drug that causes such effects as
excitability, nervousness, or positive mood for the control group. After each session, monitors
were asked to complete a questionnaire in which they guessed which substance, psilocybin or
methylphenidate hydrochloride, was administered. The accuracy of blinding procedures was
achieved in 23% of sessions, in which at least one monitor misclassified administered
substance [42]. In Barrett et al.'s study, psychoactive drug dextromethorphan was administered
as an active comparator condition to psilocybin, next to inactive placebo and low, placebo-like
dose of psilocybin. Despite using various methods of blinding, the authors did not include any

information if those procedures came out to be successful [43].

Placebo-like psilocybin doses

In many studies, researchers decided to use low or very low doses of psychedelic
substances to act as a placebo. In Hasler et al. study, participants received a very low (45 pg/kg),

low (115 pg/kg), medium (215 pg/kg), and high (315 pg/kg) dose of psilocybin and lactose as
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placebo in random order on five experimental sessions each. Some participants could not guess
which dose they had received in which session. Participants could not differentiate between
very low and low dose and medium and high dose of psilocybin [44]. The next study, conducted
by Griffiths et al., administered 0, 5, 10, 20, and 30 mg/70 kg of psilocybin in ascending or
descending sequence. Information about the sequence remained unknown to both participants
and monitors. At the end of the study, monitors were asked to complete a questionnaire to
assess whether the integrity of blindness procedures had been maintained. Overall, none of the
monitors was aware of the order of psilocybin administration [45].

The same survey construction was used in Johnson et al. study. However, no
observations were made with regards to the maintenance of the blinding procedures in this
study [46].

Griffiths et al. conducted two more studies, in both of which participants received
shallow, placebo-like (1 or 3 mg/70 kg) or high (22 or 30 mg/70 kg) doses of psilocybin. As
before, after each study, monitors completed questionnaires that asked about the understanding
of study design. Most of the monitors guessed the total number of different doses of psilocybin
and level of the doses incorrectly, inferences both higher and lower levels than administered in
the study. Some monitors believed that a psychoactive drug other than psilocybin or inactive
placebo was administered [47,48]. Study conducted by Lewis et al also administered low (0,16
mg/kg) and high (0,215 mg/kg) doses of psilocybin. Both low and high doses displayed a very
similar pattern of results in the 5 Dimensions of Altered States of Consciousness scale,
statistically differ in the level of audio-visual synesthesiae, elementary imagery, complex
imagery, and disembodiment in favor of high dose [49].

Conclusions

The results of so far carried out studies of psychedelics strongly suggest that these
substances can be effective therapeutic agents in many various uses. However,
a methodological limitation remains: creating a control group that could fulfill the double-
blinding integrity, a gold standard of clinical trials nowadays. Maintaining accurate blinding in
studies that use such powerful substances as psychedelics appears to be far from easy. To
overcome this problem, many researchers try various methods. As an inactive placebo, like
disaccharides (lactose, maltose, mannitol), saline, or sodium chloride is very likely to be

recognized by both participants and monitors, researchers came up with an idea of using active
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substances that could mimic some psychedelics effects. In some trials, niacin was administered
as placebo, due to its mild physiological effects. However, it turned out to be too weak to
remain unknown. Then psychoactive substances were used, such as MDE, METH,
methylphenidate hydrochloride, and dextromethorphan, due to its more or less similar
psychological effects to those produced by psychedelic substances. The accuracy of this
blinding procedure varied depending on the psychoactive substance. However, the best-
measured outcomes appeared in the methylphenidate hydrochloride study. Finally, many
studies used very low or low doses of psychedelic substances as a placebo. In those studies, the
blinding included both level and sequence of administered doses, which seems to be so far the

most efficient method of maintaining the blinding nature of those studies.
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Abbreviation list

e SSRIs - selective serotonin reuptake inhibitors

e SNRIs - serotonin norepinephrine reuptake inhibitors
e TCAs - tricyclic antidepressants

e TRD - treatment resistant depression

e 'TMS - repetitive transcranial magnetic stimulation

e ECT - electroconvulsive therapy

e (DCS - transcranial direct current stimulation

e NMDA - N-methyl-D-aspartate

e NMDAR - N-methyl-D-aspartate receptor

e PCP - phencyclidine

e HCN - hyperpolarized cyclic nucleotide

e MADRS - Montgomery-Asberg Depression Rating Scale

Introduction

The objective of this paper is to outline the problem of prevalence of treatment-resistant
cases of depression (part 2) and elucidation of ketamine use in their treatment (part 3), as well
as evaluation of its efficacy (part 4) and prevalence of side effects that may accompany (part
5).

For that purpose, literature regarding these subjects was gathered, and results of clini-

cal trials were analyzed.
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Treatment-resistant depression

Major depressive disorder is an increasingly frequent health problem. According to the
World Health Organisation, it affects at least 264 million people all around the world. Further-
more, depression, if not treated, often leads to suicide, and every year up to 800 000 people die
for this reason [1].

The highest incidence of depression is in adults aged 20-40 and is twice more often
within women than men. After ischaemic heart disease, it is the second most often cause of
disability [2].

Etiopathogenesis of major depressive disorder is really complex. There is a monoamine
hypothesis on which the treatment is based. It says that three main neurotransmitters: noradren-
aline, dopamine, and serotonin, are responsible for the symptoms of depression. There is a high
risk of suffering from depression in people who have family members with mood disorders.
A particular set of genes is implicated in the synthesis, degradation, or neurotransmission of
serotonin (as well as noradrenaline and dopamine, nevertheless serotonin is the most common
cause) and dysfunction in these genes’ expression leads to depression symptoms [3].

There is also organic depression, which is caused by systemic diseases such as: dys-
function of an endocrine system, liver or kidney disease, vitamin B2 deficiency, or viral infec-
tions [4].

Either DSM-5 or ICD-10 criteria (in this classification, major depressive disorder is
almost equal to major depressive episode) can be used to diagnose major depressive disorder.
According to DSM-5, to diagnose major depressive disorder, a patient needs to show five or
more of the particular symptoms during the same two-week period and including at least one
of: depressed mood or loss of interest or pleasure. The mentioned symptoms are: depressed
mood, loss of interest or pleasure, significant weight loss or gain, insomnia or hypersomnia,
psychomotor agitation and retardation, fatigue, feeling of worthlessness or excessive or inap-
propriate guilt, decreased concentration, or recurrent thoughts of death or suicide [5].

The first-choice treatment for depression is selective serotonin reuptake inhibitors
(SSRIs). Serotonin-norepinephrine reuptake inhibitors (SNRIs) are dedicated for patients who
suffer from a physical pain-related depression. The third main group of antidepressants are
tricyclic antidepressants (TCAs), which have the most negative side effects, although some-

times they are the only effective agents in some group of patients. Recently, psychological
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therapy is more often recommended as a treatment option. However, metaanalyses show that
antidepressant medications are more effective in the treatment of depression than cognitive-
behavioral therapy [6].

About 15-30% of patients suffering from major depressive disorder are affected by
treatment-resistant depression (TRD). Up to 60% of patients do not respond properly to the
two following antidepressant treatments [7]. There is no universally agreed-upon definition of
this illness. If the patient doesn’t show satisfying response to two or more treatments with
agents from two different groups in an adequate duration and dose, he can be considered to
suffer from treatment-resistant depression. It is usually said that the duration of the antidepres-
sants’ administration should be at least four weeks. After an adequate time, the patient ought
to be administered with an agent from an atypical antipsychotic drugs group such as olanzapine
or quetiapine [8].

Apart from pharmacotherapy, there are also non-pharmacological methods of treating
treatment-resistant depression such as repetitive transcranial magnetic stimulation (rTMS),
electroconvulsive therapy (ECT), or transcranial direct current stimulation (tDCS). At the cur-
rent moment, electroshock therapy is more efficient than rTMS. A meta-analysis showed that
eight administrations of ECT resulted in remission in 52% of patients, and fifteen administra-
tions of rTMS resulted in remission in 33,6% of patients [9].

Recently, a new agent turned out to positively affect patients suffering from a treatment-
resistant depression within hours. This agent is an antagonist of the N-methyl-D-aspartate
(NMDA) receptor- Ketamine.

Ketamine - history and mechanism of action

Ketamine is an N-methyl-D-aspartate receptor (NMDAR) antagonist. To day, Keta-
mine is used in medicine as a dissociative anesthetic and analgesic, producing catalepsy, cata-
tonia, and amnesia [10].

Ketamine was first synthesised in 1962 by Calvin L. Stevens. Because there were no
severe side effects on animals, the drug was further approved for clinical tests on humans. The
first intravenous dose of the drug was medicated on August 3, 1964. The side effects of keta-
mine use were considered to be rather slight [11].

That provided Ketamine for FDA approval for use in treatment in 1970 [12].
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Since then, Ketamine was used by American soldiers in the Vietnam War with great
results and minimal side effects. Further studies discovered that diazepam, and currently also
midazolam and propofol, are reducing the emergence delirium of Ketamine [13].

Unfortunately, in the course of time, Ketamine showed its shadows. In 1978, Marcia
Moore, a yoga teacher, and Howard Alltounian, M.D., a respected clinical anesthesiologist,
tried on themselves an influence of Ketamine. It did not take long as they became addicted to
the drug and in 1981, frozen skeletal remains of Moore’s were found in a forest [14].

Nowadays, Ketamine has its infamy of being a “K drug,” providing ,,new ways of con-
sciousness”.

As mentioned above, Ketamine is an NMDAR antagonist. Its anesthetic and analgesic
effect takes place mainly due to the process of blocking N-Methyl-D-Aspartate receptors [15]
[11].

NMDAR is a glutamate receptor composed of four units encoded by one of the genes:
GIuN1-3, [11,16], which carries calcium cations (Ca2 +) and few sodium cations (Na +) inside,
and potassium cations (K +) outside nerve cells, being responsible for activation of many in-
tracellular processes. In addition to glutamate, it requires the addition of glycine (or serine) for
activation. An additional condition for NMDA receptor activation is cell depolarization, which
is blocked by the magnesium ion (Mg2 +) at the resting potential [17].

Ketamine acts by non-competitive blocking of the receptor by binding to the allosteric
site of phencyclidine (PCP) binding site located inside the canal [18,19,20].

Studies have shown that Ketamine also interacts with other receptors and ion channels,
such as dopamine, serotonin, sigma opioid, and cholinergic receptors, and also with hyperpo-
larized cyclic nucleotide (HCN) - gated channels [20], which may affect its properties as
a potential drug in the treatment of depression.

Results of clinical trials - efficacy
Results of studies during which antidepressant properties of ketamine administration,
both in single and repeated infusions, in patients suffering from treatment-resistant depression

(measured using Montgomery-Asberg Depression Rating Scale - MADRS and its component

regarding suicidal ideation(MADRS-SI) were analysed and collected in the tables below.
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Table 1. MADRS scores obtained during studies with a single infusion of 0.5 mg/kg ketamine
administered to patients suffering from treatment-resistant depression

Study Baseline mean | Mean MADRS score af- | AMADRS Response
MADRS score ter 24h after 24h rate
(SD) (SD) (%)
1[21] 36.9 (5.4) 14.9 (13.1) -12.0 n/a
2[22] 29.0%(26-34)1 14.5% (2-21)1 -14.5 80.0
3[23] 33.8 (5.8) 6.9 (2.8) -26.9 90.0
4[24] 34.0 (7.35) 20.3 (n/a) -13.7 45.8
5[25] 32.6 (6.1) 14.8 (n/a) -17.8 64.0
6[26] 32.9(9.3) 16.2(10.7) -16.9 62.1
7[27] 31.8(6.1) 12.9(6.6)** -18.9 70.8

*Median **Score after 2 hours tRange of values

Table 2. MADRS scores obtained during clinical trials with multiple infusions of 0.5 mg/kg
ketamine administered to patients suffering from treatment-resistant depression

Study | Baseline Mean AMADRS | Duration | Number | Response

mean MADRS score | at the end of the of rate
MADRS at the end of | of the trial trial infusions (%)

score the trial
(S.D)) (S.D))

1[28] 35.6 9.0 -26.6 13 6 93.3
(4.8) (n/a)

2[29] 33.3 14.9 -18.4 15 5 68.8
(4.9) (12.0)

3[29] 35.4 17.7 -17.7 15 7 53.8
(5.3) (7.3)

Table 3. MADRS-SI results were obtained during clinical trials with a single infusion contain-
ing Ketamine at a dose of 0.5 mg/kg when administered to patients suffering from treatment-
resistant depression

Study Baseline mean Mean MADRS-SI score after 24h AMADRS-SI
MADRS-SI score

1[21] 2.9 (1.6) 0.8 (1.4) 2.1

2[22] 2.0* (1-3)t 0.0* (0-2)t 2.0

3[30] 1.6 (1.37) 0.7 (1.1) 0.9

4[31] 3.3(1.2) 1.6(n/a)*** 1.7

*Median ***Score after seven days TRange of values

285



Treatment resistant depression, a global problem
- Ketamine, one of its possible solutions

Results of clinical trials - side effects

Results of studies during which prevalence of adverse effects accompanying the treat-

ment of patients with TRD using Ketamine were analysed and collected in the table below.

Table 4. Occurrence of the treatment-emergent adverse events reported during the clinical tri-
als studying the effects of Ketamine administered either intravenously (1,2) or intranasally
(3.4)

Adverse Number of a clinical trial

event 1.[22] 2.[25] 3.[32] 4.[33]
Fatigue 20% 15% 29% 28%
Increased 40% 9% no data 6%
heart rate
Somnolence, 60% 15% 25% no data
sedation
Dizziness 30% 45% 67% 17%
Dissociative 30% 17% 0% 44%
symptoms
Blurred vi- 10% 43% 17% 6%
sion
Nausea no data 34% 38% no data
Headache 20% 32% 21% 0%
Anxiety 20% 15% no data no data

Discussion

The results of clinical trials, gathered in part 4. show that Ketamine, even after a single
intravenous infusion, can provide a significant decrease in MADRS values in patients with
Treatment-resistant depression (Table 1).

When MADRS cutoff points are taken into consideration [34], baseline scores of the
participants indicated that they are suffering from moderate to severe depression (Table 1 and
2), and after the administration of Ketamine, their results would be interpreted as either mild
depression or lack of depressive symptoms.

When suicidal ideation alone was considered (Table 3), mean MADRS-SI scores after
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the administration of Ketamine were below 2 - a cutoff point corresponding to the presence of
fleeting suicidal thoughts [35]. The results were noticeably better when compared with mid-
azolam in a randomized control trial [30].

Response rates, described as a decrease of baseline MADRS value by 50% or more
[25], ranged from 62.1% to 90.0% when single ketamine infusion was administered and be-
tween 53.8 and 93.3% when multiple infusions were administered applied. Research results
suggest that D-serine and L-serine plasma concentrations may be potential biomarkers of
rsponse to ketamine treatment [36]. Concentrations were observed to have lower values in pa-
tients responding to treatment with Ketamine than in those who did not show response. Addi-
tionally, findings suggest that higher BMI values may correlate with a more significant re-
sponse to treatment with ketamine [37]. However, the mechanism of such correlation is still
unknown. Finally, altered pharmacokinetics of Ketamine, which molecule possesses lipophilic
properties, is considered in patients with higher body fat percentages.

The antidepressant effect was apparent rapidly - hours after the infusion [25], and its
peak was reached at 24 hours [31] - in contrast to conventional antidepressants, whose effects
take place after weeks of daily use [38].

According to analysed studies, median time after the infusion before relapse was be-
tween 7 [31] and 15 [22] days after a single infusion and between 18 [27] and 20 [28] days
(with singular cases of remaining in the state of remission up to 3 months [23]) after the treat-
ment was ceased when multiple infusions were administered. Thus, despite extending the du-
ration of therapeutic effect by multiple infusions, the relapse inevitably occurs after the discon-
tinuation. In order to maintain that effect, trials using riluzole - a glutamatergic modulator -
were conducted, unfortunately with unsatisfying results [39,40].

The authors of the studied clinical trials report that the treatment with Ketamine was
associated with minimal adverse events. Most of the symptoms resolved within 4 hours from
the beginning of the ketamine administration and were either of a mild or moderate-intensity
[33].

The most common treatment-emergent side effects reported by the researchers were
dizziness, headache, nausea, numbness, and dissociation, which depended on the dose.
Dissociative symptoms did not persist beyond 4 hours after drug administration [41], and were
usually resolved within 2 hours [32].

There are reports that the dissociative side effects the participants were experiencing

during the infusion of Ketamine correlated with its antidepressant effect [42,43].

287



Treatment resistant depression, a global problem
- Ketamine, one of its possible solutions

In several clinical trials, a mild transient increase in blood pressure was observed. On
average, blood pressure values returned to their initial levels soon after the infusion had been
finished; however, in one of the studied clinical trials, the infusion of Ketamine was discontin-
ued for two patients due to hemodynamic changes [33,43,44].

A vast majority of the studies report no serious adverse events during the trials. Several
studies report no significant deterioration in short-term neurocognitive functions [45].

Regarding drug dependency, there were no reports concerning drug-seeking behaviours
during and after the trial [42].

To conclude, available data shows promising results for the application of Ketamine in
the therapeutic process of patients suffering from treatment-resistant depression. This may lead
to improvement in the quality of life of vast amounts of people in the future, with TRD being
a significant problem on a global scale. Although results are still limited and further research
may lead to the improvement of knowledge regarding the subject and thus will increase the

probability of safe and effective therapy for those in need.
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Introduction

Psychedelics are substances that alter consciousness via partial agonism to HT-2A
receptors and are commonly associated with recreational drug use. In the XX century, they were
called "psychotomimetics”, then "hallucinogens”. Unfortunately, neither of the names
described them properly and added a pejorative overtone.

Humphrey Osmond, who came up with the name psychedelics in 1957, wanted to emphasize
that they can reveal useful or beneficial properties of the mind [1].

There are three groups of psychedelics: tryptamines (such as psilocin, the metabolite of
psilocybin), lysergamides (known especially from the example- LSD), and phenethylamines
(such as mescaline, a substance obtained from the cactus) [2]. All of them are agonists of
serotonin receptors.

Mood, anger, appetite, attention, and memory are just a few examples of
neuropsychological processes modulated by hydroxytryptamine. The effects of the receptor's
stimulation depend on a type of modulated receptor [3].

Serotonin binding to postsynaptic HT-2R causes depolarization and excitatory effect
[4]. Activation of postsynaptic 5-HT1R leads to hyperpolarization and an opposite effect [3].

Depression, the mental disorder characterised by at least two weeks of depressed mood
with loss of interest, decreased appetite and libido, problems with sleeping and concentration,
and suicidal thoughts, is one of the most common mental disorders nowadays. Globally,
it affects more than 264 million people [5].

It is a brain disorder with pathogenesis hypothetically described as monoamine deficit,
neuroendocrinological disturbance, or inflammatory reaction. Medicines, such as SSRI, which
increase serotonin by reducing reuptake from the synaptic space, are the commonly taken drugs

that help deal with depression, relapse of disorder, or peri-depressive disorders [6,8].
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Dayan and Huys described a serotonin model as a substance influencing the way one
thought leads to another, proposing that it inhibits chains of negative thoughts. Administration
of SSRI leads to early effects, before antidepressant effect, as an evaluation of emotional
information seen in healthy patients. It is probably the result of it's mediation via serotonergic
innervation to limbic circuitry (e.g. amygdala) [7,8].

Because psychedelics are agonists of serotonin receptors, it is worth thinking about the

benefits of using LSD to treat depression and other psychiatric diseases.

Characteristics of the substance

From a biochemical perspective, LSD is an amide of D-lysergic acid and diethylamine
and is a derivative of ergoline. LSD can be extracted through a series of chemical reactions.
The original reagent obtained from nature are ergot fungus or, infrequently, morning glory
seeds, but is also possible to synthesize chemically from simple commercially available sources
reagents. LSD is a substance sensitive to changing environmental conditions; therefore it must
be stored in a dark place as a saline solution in order not to decompose [11].

Most psychedelics exhibit strong agonism at the serotonin receptors, which results in
significant psychomodulatory effects. LSD is distinguished among them by its additional
affinity for the D2-receptors. LSD has a high affinity to most serotonin receptor subtypes in the
human brain except for the 5-HT3 and 5-HT4. The exact mechanism of action and further
biochemical changes of LSD is still undiscovered; however, it is known to increase glutamate
levels in the cerebral cortex. Besides, LSD works probably on the principle of positive
feedback- it temporarily reduces the level of serotonin, which leads to its overproduction. Some
LSD serotonin receptors create specific extracellular loops, which bind this molecule for an
extremely long time [14].

Thanks to this, despite the moderate elimination half-life (3 hours) of the substance in
the body, its effects persist for a long time (6-12 hours). The pharmacokinetics of the substance
has been poorly measured due to the minimal dosage and the achieved concentrations in the
body. It is known now that the substance reaches its peak concentration after 1.5 hours and is
eliminated according to the first-order kinetics. Only 1% is excreted in the urine unchanged,
and the remaining part as metabolites formed with the participation of CYP-450 enzymes, the
main of which is 2-oxo-3-hydroxy-LSD (O-H-LSD). The oral bioavailability of the drug is
estimated at 70% [15].
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The main effects of the drug are perceptual disturbances and hallucinations, as well as
alterations in thinking and the sense of self. There may be synesthesia, i.e., sensory perceptions
through inappropriate senses, for example, hearing colors or seeing sounds. Vision becomes
sharper; edges may vibrate, or, on the contrary, the image blurs, and fractal shapes appear. Users
describe their experiences as euphoric, relaxing, and spiritually enlightening. Their mood
improves, and they feel better immersed with their surroundings [17].

Most of the physical effects of LSD on the organism are nonspecific and variable.
However, common effects are dilation of the pupils, increased sweating, reduced appetite, and
insomnia. It also increases blood glucose levels and heart rate. Occasionally, there are goose

bumps, jaw clenching, mouth dryness, and hyperreflexia [9,11].

Recreational use of the drug

Due to the necessity to weigh out very small portions of the drug, the substance is most
often distributed in the form of small squares of blotter paper soaked in LSD. (similar to small
postmarks). In addition, it sometimes comes in the form of small tablets called "microdots”, as
sugar cubes with droplets of LSD or as the diluted liquid. The recreational dose is approximately
100-200 pg. However, 25 pg is considered as a threshold dose. The price per dose was average
between 3 to 8 euros in Poland, as measured in 2013 and 2014 (source https://www.emcdda
.europa.eu/data/stats2019/ppp) .

Recreational users experience the adverse effects of LSD from time to time, which they
call a "bad trip". These can include panic attacks, severe anxiety, or even psychosis in
predisposed individuals. Cases called flashbacks have also been reported where the selective
effects of LSD. return over a longer period as short-term episodes. Their regular occurrence
appears in the DSM classification under "hallucinogen persisting perception disorder” [16].

Tolerance to LSD has increased with regular consumption and crosses over with other
psychedelics such as mescaline or psilocybin. Reduced sensitivity is associated with 5-HT2A-
receptor down-regulation [12]. At the same time, LSD is not considered an addictive substance
because it does not activate the dopaminergic reward system. In many classifications, LSD has
been recognized as a relatively low-harmful psychoactive substance, much less than socially
accepted alcohol [13].

Nowadays, it is possible to quantify the concentration of LSD in plasma and urine

effectively. This method is sometimes used among hospitalized psychiatric patients,
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perpetrators of car accidents, and suicide attempts. Samples should be kept from the sun and

refrigerated to the laboratory as soon as possible [10].

History

Swiss chemist Albert Hofmann synthesized lysergic acid diethylamide in Sandoz
Laboratories in Switzerland on November 16, 1938. At that time, he was investigating the
chemical and pharmacological properties of ergot-fungus affecting rye, which consists of many
alkaloids and can also cause ergotism in humans due to the ingestion. His main intention during
researching lysergic acid derivatives was to obtain a respiratory and circulatory stimulant. The
twenty-fifth substance in the series received an abbreviated name: LSD-25. Animal experiments
caused no interest to pharmacologists and physicians; therefore, the substance was set aside.
Five years later, as Dr. Hofmann stated, a peculiar presentiment pushed him to repeat the
synthesis of LSD-25, which he did on April 16. A small dose incidentally got into the chemist's
organism, and during steps of purification and crystallization, he felt the psychedelic effect.
After this incident, he surmised a connection between the substance and the effect, so he decided
on a self-experiment. Considering the activity of the ergot alkaloids, he took the smallest
quantity of lysergic acid diethylamide that could be expected to produce some effect - only 0,25
mg. However, the effect was strong - the doctor felt anxiety, dizziness, and visual distortions.
He asked his laboratory assistant to escort him home, so they went on bicycles. Hence the
symbol of "Bicycle Day" is well known in the hippie culture. On the way, his condition
deteriorated - he underwent a 'bad trip' - he felt even more anxious. People's faces resembled
witches or demons, and he was afraid that he might die prematurely. A family doctor examined
him at home and detected only highly dilated pupils, so he decided only to observe the course
of events. Later the sensations became more positive, and Hofmann even enjoyed hallucinations
- both visual and auditory. The next day he was quite tired physically, but his senses were still
very sensitive and brought him positive feelings. He decided to send a report to the director of
the pharmacological department, Professor Rothlin. His first reaction was incredulous
astonishment that such a minor quantity could make a psychoactive effect. Rothlin and his two
colleagues repeated the experiment, but with only one-third of the dose. Of course, the effect
was still remarkable, and all doubts were gone [18].

In 1949 Dr. Max Rinkel bringing LSD to the USA and gave it to Dr. Robert Hyde, who
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took their first acid trip there. They did a survey in 1950 which tested about one hundred
volunteers and subsequently reported findings to the American Psychiatric Association. The
hypothesis was that this drug could be used in controlled trials of mental disorders and induce
temporary model psychosis. Also, an idea was born in scientific circles that alleviating 'the acid’
psychosis can bring researchers closer to finding a cure for schizophrenia. However, drug-
induced madness was not only a topic for scientists. Beginning in the 1950s, the CIA started to
test LSD for potential truth serum and mind-control drug used during interrogations. It was part
of a secret project named MK-Ultra, initiated during the early years of the Cold War. Initial
reports were very optimistic as they showed that 'the acid' might help reveal information from
a subject and cause amnesia afterward. However, next trials pointed out that the drug often
causes loss of reality contact and anxiety which eventually made him more of a hindrance than
an aid. Some officers even suggested that ‘the acid' can be used as a self-administered anti-
interrogation substance. Afterall LSD was an aid to interrogations from the mid-1950s through
the early 1960s. During those years, a series of experiments on humans were conducted. Some
included CIA employees, security officers, and volunteers, but others were carried out on
unwitting subjects. Methods applied to this second group violated the Nuremberg Code for
medical ethics. As a result, many people died or were traumatized [20,21].

Until 1962, LSD was a little-known drug used on a small scale, mostly scientific.
Sandoz Laboratories produced the substance and distributed it legally to psychiatrists and other
people who had proper qualifications [19].

In the Canadian province of Saskatchewan psychiatrists Humphry Osmond and Abram
Hoffer came with a biochemical theory of schizophrenia, which they elaborated basing on,
among other things, LSD experimentation. During the 1950s, they also started a therapy of
alcoholism with the use of 'the acid’. The idea was that psychosis induced by the drug was
similar to delirium tremens, which was at times an onset of achieving sobriety. Their trial from
1953 on two chronic alcoholics was successful - both stopped drinking. Unfortunately, it was a
small test sample. Dr. Colin Smith carried out further research on 24 patients, and the effects
were also remarkable. In both studies the sense of the therapy was not only giving a high dose
of hallucinogenic, but also psychotherapy and environment were significan. After all, their
results were criticized by scientists from North America, mostly because of the lack of
controlled trials which was becoming an accepted methodology at that time. Finally, in 1962
Dr. Sven Jensen published results of a controlled trial he conducted of treating alcoholism with

LSD. 38 of the 58 patients stopped drinking after this 2-year study, but yet soon, psychiatric
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treatment with the use of this hallucinogen would be suspended [22]. During the following
years, mainly because of the thalidomide-caused worldwide epidemic of deformed babies, LSD
was outlawed by many states. Sandoz remarkably reduced their distribution and finally, in 1965,
stopped distributing the drug altogether, even though it was not to physicians and researchers
[19]. Despite the political situation, many scientists maintained that removing the hallucinogen
from the research would deprive psychiatry of the important therapy option [22].

Furthermore, in 1967, "the LSD chromosome scare" began. Dr. Marion Cohen of the
State University of New York at Buffalo conducted research in which she observed that LSD
damaged white blood cell chromosomes in test tubes. This finding quickly hit the newspapers
as people speculated that tragedy would happen again, like the one with thalidomide.
Researchers presented contradictory information, and finally, facts overtook the warnings -
LSD users gave birth to healthy babies. A study of 120 babies confirmed that [19]. Together
with law restrictions, an LSD black market grew. In 1968 government agents reported that the
production capacity of seized laboratories was more than 40 million doses per year.
Consumption was not estimated well because the production of the rest of the clandestine
laboratories was unknown. Nonetheless, it is said that by 1970 somewhere between 1 million
and 2 million Americans used 'the acid' [22].

Apart from influencing the work of many artists, like the Beatles, and changing the
generation of the 1960s and 1970s who opposed the Vietnam War [23], LSD truly affected the
history of psychiatry. It helped to see that mental illnesses are strongly connected with
biochemical pathways and boosted the 1950s drug research, which inspired many scientists to
develop modern psychopharmaceuticals [22]. According to the words of Dr. John Buckman:
"We are now probably ready to return to serious research with LSD. [...] LSD remains one of
the most valuable tools in understanding the functioning of the human mind. It mimics, often

with great accuracy, the aberrations of mental illness, visionary states, and states of grace" [23].

The legal aspect

The legal and sociological aspects of LSD usage, both the criminalization and the
decriminalization of this substance, influences the use in psychiatric treatment of already
mentioned mental disorders and recreational use. First and foremost, the law determines what
drugs can and cannot be used in medical treatment and thereby directly motivates and prevents

both the patient and the physician from using psychedelic drugs in therapy. The legal
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perspective also influences the public's attitude towards the usage and possession of LSD. It
contributes in particular to the prevention of its use by stigmatizing LSD users as criminals and
addicts. An example of a state with strict laws about LSD is Poland, bordering on psychedelics
orientated to the Czech Republic. The most important legislation about LSD is called The Act
on Counteracting Drug Addiction, dating from 1985 [24]. It was amended recently in 2020. On
this basis, Polish law classified LSD and other psychedelics as psychotropic substances from
groups I -P. It is the most dangerous psychotropic with no medical use and a high potential for
abuse. Adherence to this group also means that substances are excluded from the
pharmaceutical market and can only be used for scientific research, usually requiring special
permission [25]. The criminal laws indicate a prison sentence of up to 3 years for possession or
processing of LSD [26]. In possession of a significant amount of this substance, the penalty
may be increased up to 10 years imprisonment [26].

Before the global criminalization, back in the 60's, LSD had been available in the US
for over a decade already and had gathered a lot of interest for psychiatric treatment since it
showed great results in treating alcoholism in particular, as well as being a potential way to
speed up psychological treatment by lowering defenses and providing fast access to the
unconscious. Because it was not regulated, it was readily available and became a popular drug
in the American counterculture at the time. However, social controversies regarding LSD in
those decades led the US government to prohibit it. Production, distribution, usage, and
ownership without a special DEA license are forbidden [27]. Shortly after that, in 1971, LSD
was banned by the United Nations through the Convention on Psychotropic Substances. This
new law affected around 75 states globally; nowadays, the number increased to 185 [28]. Some
of these countries, which have had a long history of psychedelic drug usage, such as Peru, also
imposed a ban, despite their tradition.

However, as the panic faded, a wave of interest in LSD research and use resurfaced all
over the world. As a result, it has become possible to have a certain amount of psychedelics for
personal use in some countries such as Portugal or Canada. The public's approach to legalizing
LSD is still distrustful, however. Therefore, social initiatives and research organizations such
as MIND - European Foundation for Psychedelic Science, MAPS - Multidisciplinary
Association for Psychedelic Studies, as well as "psychedelic societies" such as CZEPS in the
Czech Republic [29] or Polskie Towarzystwo Psychodeliczne in Poland [30], were founded to
convey information about the usage of LSD and similar psychedelic drugs. The main purpose

of psychedelic societies is destigmatization of psychedelics, while the scientific organizations
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provide resources for scientific research, paving the way for decriminalization. These
organizations often collaborate on policy proposals and information for politicians and the
general public.

Despite various initiatives to introduce society to the positive effects of LSD, the general
public is still not familiar with this topic. This might be confirmed by the number of first-world
countries that still have not changed the law on LSD possession and use ( also for medical
reasons). The unfavorable reputation of using psychedelics in the last century, to this day, also
arouses aversion in the public space. It prejudices the interests of professional use of LSD in
medicine and limits medical research on that subject. From the point of view of treating mental
disorders with psychedelics - lack of availability to professional treatment prevents help or
forces patients to use LSD and other psychedelics on their own. This kind of situation places
sufferers in a dilemma between fighting for recovery or committing a criminal offense.

There is, however, also a good reason for criminalization, as the use of large doses of
LSD has been associated with psychosis and the onset of schizophrenia. Yet, this risk seems
directly linked to a predisposition for this type of mental disorder. In modern-day research, this
risk is mitigated by screening for psychosis in the research participant and his or her family
history. For decriminalization to happen, however, there needs to be more research in the safety
and clinical utility of the drug to convince both politicians and the public that this is a good
idea. Many psychiatrists are also opposed to using an experimental drug known to cause harm
to some patients before sufficient evidence is gathered that it is, in fact, both better and safer
than current methods. The number of scientific studies on the use of psychedelic drugs both in
treatment and recreationally is currently higher than ever in the '60s, however. As a result, there
is momentum for decriminalization and destigmatization like never before. As one of the few
associations in the world — Czech National Institute of Mental Health in coordination with
Charles University in Prague - carries out valuable and professional research on LSD, which
enables the dissemination of reliable information about this substance, shrouded in many
mystical stories [31].

Large amounts of research is also conducted in the US and UK on the therapeutic use
of drugs like psilocybin from mushrooms and MDMA, and ketamine, potentially paving the
way for the destigmatization of psychedelic drugs in general. The duration of the LSD
experience lasts much longer than psilocybin which provides a similar effect, and as a result,
LSD isn't a primary candidate for therapeutic use. As a result, there is still a long way to go for

the decriminalisation of its use.
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Neuroplasticity and neuritogenesis promotion of LSD and its potential use in

treating neuroathropic diseases

Psychiatric diseases such as depression are known to cause atrophy of brain cells,
especially in the prefrontal cortex. Unfortunately, there are still no drugs sufficient enough to
reverse these effects. Recent studies on psychedelics and ergolines (lysergic acid diethylamide
[LSD]) have shown promising results. However, the question of whether those substances are
a valuable tool in treating neurotropic diseases is still unanswered.

LSD has proven effective in promoting spinogenesis and synaptogenesis in rats and
Drosophila species (in vivo) and in rodent cortical cultures (in vitro). It has increased the
dendritic spine density but did not alter the number of neurons or the cell size or length of the
longest axon.

The study shows its high affinity causes the neuroplasticity and neuritogenesis effect of
LSD to the 5-HT2A receptor, which affects TrkB and then activates mTOR pathway similarly
to the BDNF protein [32].

Another study shows the ability of LSD to increase the BDNF blood plasma levels in
healthy volunteers in acute administration of the substance [33].

The Brain-derived neurotrophic factor (BDNF) is a molecule that affects differentiation,
maturation and survival of neurons through its high affinity to tropomyosin receptor
kinase B (TrkB) and its secondary messengers (which later affects the CREB protein, thus
regulating the expression of genes). BDNF serum levels were lower in patients with
schizophrenia. BDNF might have a role in the pathophysiology of DM2 and depression [34].

All of the above show the potential of LSD to become a useful tool in treating depression

and other diseases containing neural atrophy.

Microdosing

In recent years, the practise of microdosing LSD has become more prevalent in western
culture. This treatment consists of regular ingestion of sub-threshold (6-25ug) quantities of LSD
2-3 times a week. During his interview in 1976, Albert Hofman recommended using
25 micrograms of LSD, but never named this amount the way the science world does nowadays.
Stanislav Grof, the father of psycholytic psychotherapy who used small doses of LSD to

301



LSD - psychedelic renaissance in psychiatry

accelerate the effects of sessions, tended to use 100 micrograms. It can not be precisely called
micro dosing, so it has to be noticed that this kind of practice is quite new [35].

Microdosing is not meant to induce perceptual alterations [36]. Instead, the intended
purpose is to increase creativity and energy levels, and improve mood, focus and creativity.
It can also give a relief of pain, anxiety, and depression.

Unfortunately, it has not been scientifically tested whether microdosing can be
effectively used as a treatment of psychiatric disorders. Furthermore, there are reported negative
outcomes of this kind of treatment- such as migraines or fear. Serotonergic drugs, after 6 weeks
of taking, can also cause frustration. Furthermore it has to be noticed that overdosing the daily

amount of LSD can lead to unintended "trips" [36].

LSD for treatment of alcoholism, terminal iliness-associated anxiety, opioid

use, depression and cluster headaches

LSD and LSD-associated psychotherapy were seriously investigated in the 1950-the
1960s to treat anxiety associated with terminal cancer, alcoholism, opioid use disorder, and
depression. The results of these first studies were very promising: In short, anxiety was reduced
for two months after two doses of LSD in patients with anxiety associated with a life-
threatening disease, and moreover, no side effects were noticed in medical settings. This data
led to further investigations of the therapeutic potential of LSD in psychiatry. Nowadays, LSD
is a well-studied pharmacological substance, with more than 1000 published reports. According
to one of them "It increases ratings on all dimensions and subscales of the 5-dimension altered
states of consciousness (5D-ASC) scale that has been used in all modern studies. Furthermore,
evaluations of subjective experiences suggest facilitated access to emotions, confrontation of
previously unknown anxieties, worries, resources & intense emotional peak experiences as
major psychological working mechanisms." These experiences could change the world view,
thereby habits, lead to situational understanding, and overhaul one's emotional trust [37].

Lately, LSD has been taken under investigation again to assist psychotherapy on anxiety
in 11 participants with life-threatening diseases (eight of them with cancer). [The trial assessed
the effects ] Eleven of 12 patients, who were administered the experimental drug (treated) were
LSD-naive. 'Eight patients received 200 pg (this amount provide an experience that is well
psychologically manageable for the first contact with this substance) LSD twice, and three

patients received active placebo (a low dose of 20 ug LSD) twice in two sessions 2—3 weeks
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apart, with an open-label crossover to 200 ug LSD after the first randomized, double-blind
treatment phase." At the beginning of the study, all of the participants presented higher ratings
of anxiety on the state-trait anxiety inventory (STAI). Six had a diagnosis of generalized anxiety
disorder, and seven were diagnosed with major depression. The study revealed (described)
a significant decrease in STAI anxiety 2 months after the two LSD sessions compared with
baseline anxiety scores. However, most of the attendees expressed a desire for more than two
LSD sessions and a longer therapy. This is consistent with the study's final results, indicating
that at least two LSD sessions are needed to demonstrate desired effects because decrease in
STAI score was more prominent after the second LSD session. The placebo group didn't admit
any decrease in STAI scores (but noted that the placebo control group was too small for
statistical comparisons with the treatment group - valid control missing). Furthermore, none of
the attendees reported lasting adverse reactions. The benefits were sustained over time,
a follow-up study at 12 months in nine patients reported decreases in anxiety at the level of
77,8% and an increase in quality of life around 66,7%, regretfully the follow-up lacked a control
group, too. More to the point still no drug-related severe complications of the administration
(adverse effects) were reported, excluding panic reactions or related to neither general medical
conditions nor psychiatric such as flashback phenomena or other prolonged negative effects

For those much more curious and engrossed in this unputdownable topic - a larger trial
that uses LSD in patients who suffer from anxiety associated with severe somatic disease and
anxiety disorder is conducted in Switzerland (NCT03153579).

In conclusion, even a few single administrations of LSD or related substances in
a medically supervised therapeutic setting may be safe and beneficial for patients with anxiety
associated with severe disease, depression, or addiction. However, these old—new treatments
seem to be potent, especially in the field of psychiatry. Therefore, it's our responsibility as
professionals to carefully study these new options and attempt to be up-to-date with these cures
as alternative solutions so patients in despair will not reach for under-the-counter treatments
from illegal sources. As all above-mentioned indicates, more 'methodologically sound research
on the psychological and biological mechanisms and therapeutic potential of LSD in psychiatry
is needed' [38,39].

LSD (single use or a few doses) is also reported to lessen cluster headache and induce
remission more effectively than the standard treatment. The participants for this finding were
recruited from cluster headache websites and headache clinics. The conclusive analysis

included responses from 496 sufferers. The lysergic acid diethylamide, lysergic acid amide and
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other psychedelic experimental drugs were comparable to or more efficacious than most
traditional medications. These agents were also perceived more effective in shortening or
aborting a cluster period and bringing chronic cluster headaches into remission than
conventional medications. Furthermore, infrequent and non-hallucinogenic doses were reported

to be efficacious. Findings provide additional evidence [40].

Summary

LSD, a drug with big stigmatization, may be surprisingly helpful in the treatment of
psychiatric diseases. It is worth remembering that it does not activate the dopaminergic reward
system, so it can not be addictive. Considering the benefits of using this substance, such as
spiritual enlargement, stress reduction, or mood improvement, it seems like a cure worth trying.
The toughest and the most important way to make it officially registered is the destigmatisation
of psychedelics. Fortunately, more countries appreciate the low medical doses as a treatment.

Perhaps soon, the world's mindset would change, and this kind of treatment might be conducted.
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Introduction

A man from the beginning of history tried to flee from the sad, terrible reality of the
world around him. However, unfortunately, his efforts to change his mind eventually led to
finding and using narcotic substances. The history of these substances dates back to the times
of Sumerian civilization. Seven hundred years before the birth of Christ, descriptions of the
cultivation and preparation of opium were made. At first, the intoxicating properties of various
products of plant origin were used in the religious rites of the first civilizations: Sumerian,
Egyptian, Indian and Chinese. Then, with the widespread use of psychoactive substances, the
first mentions of the medics of the late effects of their chronic and excessive use began to
appear.

Marek Aurelius was probably the first person to be described as an addict to opium.
Literature has shown considerable evidence of the widespread use of drugs. Homer cited
a description of a poppy drink that causes oblivion. Marco Polo's diary mentions the cannabis
extract used by Persian during the religious fights [1].

Another aspect of psychoactive effects was their analgesic properties. Three thousand
years ago, in Thebes, opium was a painkiller. In the 16th century, Paracelsus introduced a
widely used opium tincture in healing. By the end of the 19" century, the addictive properties
of laudanum were not known. Only at the end of that century was it replaced with morphine,
which also had addictive properties. The next drug used in treating the drug addiction of opium
and morphine was heroin used as an antitussive recommended mainly in infants. In 1913

appeared the first reports about the addictive properties of heroin. In the twenties, its market
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access was limited. In 1927 amphetamine was introduced into the treatment under benzedrine,
which was used as a remedy for asthma. In 1936, an amphetamine addiction syndrome was
described. In 1941 it was placed on the list of drugs (Germany), and after 1945 found to treat
depression, obesity, Parkinson's disease, and others [2].

Stanistaw Gorski writes in one of the books that the wave of drug addiction began with
the publication of A. Huxley's book Doors of Perception and two publications by the then-
current professor of psychology at Harvard University T. Leary'ego. Both of them were
translated into Polish. The drug addicts were reading the text in which the advertising of drugs
was hidden [3].

Drug addiction spread on all continents, and rapid economic, social and cultural
transformation and the opening of country borders contributed to this phenomenon's
accelerated development. Drug addiction is a severe social and economic problem. The
consumption of narcotic drugs gives the feeling of independence, illusory freedom, and
pleasure. Unfortunately, after a short period, reality returns with everyday problems. A man
who cannot, or does not want to do, will again seek the chance to escape into the world of
illusion. In this way, it comes to addiction. Over time, the body demands more and more doses
of addictive substances, without which it can no longer function properly.

Definition of drug addiction

Drug addiction is a term referring to addiction to chemicals that affect brain activity.
It is assumed that a drug is a chemical compound or a mixture thereof that is not used for
health purposes, and at the same time, makes a change in the biological and mental functions
of a human being [4].

Ruth Maxwell defines addiction as "losing control, crossing the invisible border
between desire and need for drugs,” pointing out that this boundary can only be crossed once.

Drug addict — a person dependent on any drug [5]. According to the World Health
Organization (WHO) addicted has the following features:

« the compulsion to take a measure,

* a constant tendency to increase the dose,

» mental addiction, often physical,

« harmful effects of drug use on individuals and society [6].
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Drugs

The WHO divided drugs into the following categories: opioid drugs, psycho-
stimulators, cocaine, marijuana and hashish, hallucinogens, inhaled substances, and drugs and
barbiturates, nicotine, alcohol, steroids.

The study aimed to assess the impact of drug abuse on the daily lives and health of

addicts and their families.
Materials and methods

The study covered 40 people aged 22-36 from the Anonymous Drug Addiction Club
and the Good Shepherd Center in Silesia. The criteria for inclusion in the study group were past
treatment and at least one year of abstinence. Data was collected using the original

guestionnaire.

Results

The general characteristics of the examined group are shown in Table I.

Table 1. General characteristics of the examined group
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The study group of addicts included a total of 40 people (100%). Among them were
37.5% women and 62.5% men. The majority of the group were people aged 22-30 (82.5%).
All the residents were city dwellers. The highest percentage of addicts were people with
secondary education (62.5%). However, only 15% of respondents declared higher education.
In the study group, 52.5% were single. Among respondents, 37.5% were married, and 7.5% of
them were divorced.

During treatment, 27.5% of addicts decided to change their current place of residence
in order to break up with the current environment.

The characteristics of the examined group taking into account the course of addiction

are presented in Figure 1.

Figure 1. Characteristics of the examined group taking into account the course of addiction

In the study group, 85% were people who had been addicted for several years. As many
as 15% of the interviewees have declared few months of addiction. Moreover, 77.5% of
respondents admitted to daily use of narcotic drugs, while the remaining 22.5% of respondents
confirmed drug use several times a week. Only 5% of the respondents used drugs during
therapy.

Characteristics of the test group, taking into account the knowledge about the effects of

drug use, is shown in Figure 2.
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Figure 2. Characteristics of the test group, taking into account the knowledge about the effects
of drug use

Among the respondents, the largest group was those who started using psychoactive
substances without knowing their side effects. They represented 85% of all respondents. Almost
1/3 admitted that they had contact with information about the harmful effects of drugs.
However, after therapy, all respondents declared knowledge of the harmful effects of drugs on
the organism.

Characteristics of the study group, taking into account the way drug supply is shown in
Figure 3.

Figure 3. Characteristics of the study group, taking into account the way drug supply
Addicts were taking drugs in different ways. The highest number, as many as 90%,
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admitted that addictive substances were taken intravenously, and 47.5% also used oral addictive
forms (including alcohol). Conversely, the lowest number of addicts were taking psychoactive
substances by inhalation — 20% of all respondents.

The characteristics of the examined group taking into account the types of addictive

substances, are presented in Figure 4.

Figure 4. Characteristics of the examined group taking into account the types of addictive
substances

According to the data obtained, the most commonly used drugs were (in descending
order): marijuana 80%, amphetamines 62%, alcohol 52%, heroin 47.5%, 40% cocaine, and 20%
LSD.

The characteristics of the study group, including the duration of treatment, the time since
its completion, and its possible continuation, are presented in Figure 5.

Participants in the study reported in 55% of cases that the treatment process was
prolonged, and it even ran for several years. In 15% of them, the therapeutic process has not
yet been completed. In 20% of the interviewees have passed a few years after the end of therapy,
and 5% indicated that they had completed the treatment just two weeks earlier.

Characteristics of the study group taking into account the source of the support received

and interpersonal contacts are shown in Figure 6.
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Figure 5. Characteristics of the study group, including the duration of treatment, the time since
its completion, and its possible continuation

Figure 6. Characteristics of the study group taking into account the source of the support
received and interpersonal contacts

During therapy, 57.5% of the respondents received family support. It is worth noting

that stressed that 40% of the respondents indicated help from various institutions. Friends

314



Past drug addiction and the daily life and health of addicts
and their families

supported 32.5% and close relatives — 27.5% of respondents. Addicts kept in contact with Kins,

relatives, and parents respectively in 32.5%, 30%, and 22.5% of the cases. A small proportion

(7.5%) of the respondents maintained contact with people who were drug addicts.
Characteristics of the study group taking into account the factors influencing the therapy

are shown in Figure 7.

Figure 7. Characteristics of the study group taking into account the factors influencing the
therapy

One of the most important factors affecting addicts to take therapy was a bad state of
health (32.5% of respondents). Up to 80% felt that the family had had the greatest impact on
decisions about their treatment. In 15% of cases, the trigger factor was a compulsion, in 12.5%
of girlfriends and 2.5% of the friends.

After completing therapy, 67.5% of respondents took up the job, and 42.5% took up the
study. Respondents asked about earlier school problems in 67.5% of cases gave a negative
response. Unidentified problems in the school were reported by 17.5%, and 15% of the
respondents indicated only some school subjects. With therapy, 90% of respondents considered
themselves cured, 25% changed their lifestyle, and 15% changed their environment.

Characteristics of the study group about lifestyle after therapy are presented in Table II.

After treatment for drug addiction, the study group indicated in 90% of all respondents

that the therapy was sufficient. Self-esteem recovered 95% of respondents. In the study group,
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most people under the influence of narcotics had mental and nervous disorders (77.5%).
Penalties accounted for 42.5% of the study participants. For treatment at the Psychiatric Ward,
27.5% of the respondents were admitted in the survey.

Characteristics of the examined group of addicts after treatment, including the desire to

have family and offspring is presented in Table I11.

Table I1. Characteristics of the study group with regard to lifestyle after therapy

Table 1. Characteristics of the examined group of addicts after treatment, including the desire
to have family and offspring

60% of all respondents reported plans for starting a family, and 30% of them already
had their own family. Of all the respondents, 47.5% planned to have children, and 40% already
had children. Respondents were asked whether they were related to drug addicts. In 70% of the

cases a negative response was received and 10% of the respondents admitted that the partner
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was addicted to drugs. The study revealed that more than half of the respondents had siblings
(57.5%). None of the respondents came from a large family.

In many families, there were different addicts. Nicotine was first (32.5%) and second
alcoholism (17.5%). Drugs as an addiction occurred in 2.5% of cases. Unemployment concerns
30% of the families of the study group. In 42.5% of families, both parents worked. Only the
mother (17.5%) or only the father (10%) worked in other families.

Characteristics of the examined group taking into account the cause of addiction is
presented in Figure 8.

Figure 8. Characteristics of the examined group taking into account the cause of addiction

The questionnaire indicated that there was a significant influence on addiction: lack of
parental love and interest (60%), curiosity (42.5%), and self-deprecation (37.5%). Almost 1/3
(32.5%) of the respondents emphasized their low economic status, while 22.5% complained
about the bad atmosphere at home. In 92.5% of respondents, there was an interest in addiction
in schools.

The possibility of protection against drug addiction by a valid form of communication
indicated 77.5% of respondents. As much as 67,5% of participants pointed out brochures as the
best and most effective form of communication.

The characteristics of the study group, taking into account the effectiveness of

conducting drug education in school education, are presented in Figure 9.
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Figure 9. Characteristics of the study group, taking into account the effectiveness of
conducting drug education in the course of school education

Respondents in 97.5% believed that education to warn against drug use should be carried
out, starting at the earliest. In addition, 70% of respondents believed that it was possible to
capture the problem of complete addiction. A good age to start conversations, education of
children according to 42.5% of respondents is the age range is between 8-11 years, while 22.5%
indicated age 5—7 years and the same percentage for age 12-15 years. 12.5% of respondents

had no opinion.

Discussion

Based on a study carried out in a 40-person group that was a year or more after the
treatment of narcotic addiction, efforts to answer questions about their future lives were made.
Note on attempts to modify life, learn, fill the gaps in education, or work to keep up with own
money was on.

The study results showed that most respondents received help from relatives, families,
institutions and that they could count on the help of the public. Despite the current knowledge
about drug addiction, it is still not possible to master the wave of this phenomenon. Addicts
who undertake the therapy must have support from the family or institution and society as
a whole. Drug users are often adolescents seeking adventures. The study found that most of the

examined group of addicts were male (62.5%), which may indicate their greater susceptibility
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to external factors. All the respondents came from the city and fit into in the age range of 22—
36 years. They most often were from families with one or two children (57.5%). 12.5% of the
respondents admitted that they had a drug problem in their families and most often referred to
siblings. There were also addictions from other substances: tobacco (32.5%), alcohol (17.5%),
and narcotics (2.5%). In most families of addicts, there was not the economic aspect of the
problem. These data may indicate another source causes of addiction. Young people used to
take addiction for the first time without realizing the side effects of their long-term use. The
lack of awareness in this area can be attributed to the fact that 85% of the respondents did not
know the side effects of drug use before, and only 32.5% of respondents were aware of the
harmful effects of drugs on the body. Despite this, they began to reach for such substances. We
say about active addiction when the body can no longer function without supplying the drug to
the body over an extended period. Most addicts have to take drugs every day and at all costs.
Such a condition can last up to several years. A quick break with addiction and specialized
treatment makes it easier to fight it. Drugs abuse results in the progression of many diseases,
including mental disorders, often affecting conflicts with the law. Of the examined group,
77.5% of all respondents reported psychiatric disorders, of which 27.5% were treated in
psychiatric wards. Most respondents took addictive drugs for several months. Very often,
a couple of psychoactive drugs were drunk with alcohol. This situation is called the incident
"of a substance to pave the way,"” as Kandel writes and confirms in his observations [7].
According to his observation, there is a repeated scheme of taking three different substances in
juveniles, falling on the path to addiction [8]. This phenomenon is quite common. This
phenomenon in Poland confirms the studies of Hanusek 1976; Cekiera 1985 and Bararnska 1988
[4]. The most commonly used drugs by the study group were: marijuana (80%), amphetamine
(62%), alcohol (52.5%), heroin (47.5%), and cocaine (40%). Numerous studies of the authors
mentioned above provide similar results. VVarious available ways to take drugs. The intravenous
way (90%) was most preferred. Each of the ways poses a potential danger to the health. The
way of intravenous injection carried a particular risk in the context of transmission of the human
immunodeficiency virus (HIV), the hepatitis B virus (HBV), and the hepatitis C virus (HCV).
Heroin was one of the most problematic drugs, because it brings the first of all rapid and
strong addiction. In addition, very bad physical effects and lowering of libido were observed.
Kostowski in his observations, confirmed that heroin is highly addictive. The following
are listed: alcohol, cocaine, amphetamine, and caffeine. Psychoactive substances are

readily available on the market, as evidenced by people from younger and younger generations'
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reaching for it. The phenomenon of narcotic addiction can be traced to specific situations of life
and the environment. Thus, at least three factors are involved in addiction: "environment — man
—drug” [4]. The devastation that drug addiction causes is enormous. This may be evidenced by
several thousand people die each year in the European Union due to narcotic substances.
According to Kostowski, the majority of them are men aged 20-30. Among the factors
predisposing to drug use were: lack of love and interest (60%), the curiosity of new experiences
(42.5%), self-deprecation (37.5%) and lack of acceptance in the environment and problems with
which the respondents could not cope in everyday life (27.5%). Cekiera has a similar position
based on his research considering that "unmet needs, strong conflicts in the family and school
environment lead to reaching for a drug" [4]. However, Kandel [7] considers that the family
does not contribute directly to the child's drug abuse. The actual role of the family is very
complex. Addiction may primarily affect people who effectively avoid taking responsibility for
their lives and provoke other family members to take over. It is important to emphasize that the
role of a particular person in a family system depends not only on the functioning of the family
but also on the individual's personality structure. Addiction is a difficult experience for the
whole family and most often completely changes the relationship between its members.

The use of psychoactive substances often led to a slowdown in mental processes,
resulting in a low level of education. However, the study results revealed that many people after
completion of therapy have taken to supplement their education (42.5%), allowing a total of
62.5% of the study group to attain secondary education. The level of education depends on the
level of control of the person and the correct attitude to the world and reality [9].

Problems in dealing with parents and other carers can weaken support and proper adult
supervision, thereby increasing the person's vulnerability to the environment and related factors.
These two mechanisms: support and control of adults, are critical protective factors during
adolescence [10]. An essential element in the fight against drug addiction was therapy. The
treatment of young addicts took a very long time, even several years, which was conditioned
by many factors. This was related to the type of intake, dosage, exposure route, duration of use,
and whether or not there were episodes of recurrence.

Difficulty with drug addiction resulted in re-access to the drug during treatment
by 5% of patients, which significantly prolonged the treatment process. However, 90% of the
respondents considered that the therapy was sufficient for them and helped them regain their
self-esteem (95%). In a study group, both addiction and therapy lasted for several years. It is

important that addicts often find support from the family as well and the nearest surroundings,
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which allows them to return to reality. In 80% of cases, the family has impacted the treatment
and coercion only to a small extent. However, during the same therapy, support from the family
has received more than half of the respondents (57.5%). Cekiera, based on her own
observations, pointed out that parents are very seldom consistent with their own child during
therapy. Only a small group is involved in the process of treatment and psychotherapy [4].
Therapy has positive effects for the participants themselves and society as a whole. Through
therapy, the process of positive attainment is strengthened, as during the process of
psychotherapy and social reintegration, adolescents adapts to the environment in which they
will live and work. It is not just about removing and treating the symptoms that accompany
addiction but about the deep transformations of personality. As the results of the study show,
more than half of the surveyed plan to start a family and have children, and 30% of respondents
have already established a family, and almost half of them had offspring. Similar results of
comparative research on the desire to start a family after therapy have not been found in the
literature. Most participants in the study group taking the drug for the first time completely did
not realize the side effects of psychoactive substances, as indicated by the study results. With
the lack of or insufficient information on drugs and conversations in families, the school is bad
for juveniles.

However, it appears that over 90% of surveyed respondents indicated that in the schools,
there was interest from teachers and educators about addiction. In comparison, 67.5% said that
the best sources of such information are brochures. Furthermore, almost 80% of respondents
believed that drug addiction could be prevented through appropriate education, begun early
enough, at 8-11 years old. So let us work with addicted people to function adequately in society,

opening a new chapter in their lives.

Conclusions

1. The lack of family warmth, interest from parents and lack of acceptance in the
environment, and the curiosity of new sensations were the main factors that favour the
development of addiction from taking narcotics.

2. Effective therapy has allowed individuals to regain self-esteem, continue learning and
take a job that allows easier implementation in everyday life.

3. The family, which is the support of addicts, is an important part of both in the process
of addiction and its therapy. Starting one's family is an important life goal to help return

to normal life and the environment.
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4. There is a need for large-scale pro-health activities promoting drug knowledge, which

is already in the early years of school.
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Introduction

Schizophrenia is a debilitating psychiatric disorder characterized by positive symptoms
(delusions, hallucinations, disorganized speech and behaviour), and negative symptoms
(apathy, diminished affect, and social isolation). It's nowadays classified as a psychotic disorder
independently by both DSM and ICD criteria; nonetheless, it's highly required to widen its
view to applying the proper treatment cause this condition is mainly about cognitive disorders.
Though even Kraepelin, in 1893, defined it as ‘dementia praecox’, and Bleuler also classified
delusions and hallucinations as secondary symptoms. The fact essential to mention is that the
degree of deterioration of cognitive functions is a prognostic factor during schizophrenia
course. The disease heritability is estimated at ~50% based on concordance rates in
monozygotic twins. However, risk profile scores constructed from alleles associated with
schizophrenia explain only ~7% of the variation in the liability to schizophrenia. This suggests
that genetics cannot fully explain its etiology, so other contributing factors, especially the
environmental ones, need to be carefully explored.

Moreover, many independent factors are likely to contribute to the development of
schizophrenia. However, these results should be interpreted with caution due to the small
number of cases. Studies in Helsinki and Denmark have found that people whose mothers were
exposed to the 1957 influenza epidemic during the second trimester of fetal development have
a significantly increased risk of developing adult schizophrenia. This finding has suggested an
intriguing new hypothesis, containing the impact of viruses, in the study of schizophrenia the
etiology of schizophrenia. ‘It has suggested the possibility that disturbances of brain
development during gestation may contribute to the risk of adult schizophrenia." Moreover,
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children exposed in the second trimester had a significantly higher rate of definite influenza
infection (86.7%) in that period compared to those who were exposed during the first and third
trimesters (20.0%) [1].

Schizophrenia is nowadays classified as a psychotic disorder independently by the
Diagnostic Statistic Manual and International Classification of Diseases criteria. Furthermore,
it has always been marked as one of the main categories of mental illness in both systems. As
new editions are published, the criteria become decreasingly different from each other. A good
example is measuring subtypes of schizophrenia in the latest versions of ICD and DSM and
eliminating Schneider's first rank symptoms from both systems [2]. According to the latest
installment of the ICD, schizophrenia might be classified using positive symptoms (psychotic
and disorganization), negative symptoms (such as flat affect, anhedonia, alogia etc), cognitive
symptoms, symptoms of mania or depression, and psychomotor disturbances. Based on those
six criteria, the diagnosis may be made, thereby treatment and prognosis can be laid down [2].
Nevertheless, neither ICD nor DSM present the etiology of schizophrenia and focus on its
neurobiological disturbances.

To date, a clear cause of the disease, which is schizophrenia, has not been defined. The interest
in psychotic diseases maybe already noticed in the circles of ancient cultures, e.g., in Vedas of
ancient Hindus or Babylonian documents[i]. However, one of the first scientists who
characterised the disease professionally was legendary Emil Kraepelin. It was he who arranged
psychotic disorders into two groups: dementia praecox and manic—depressive insanity [2].
Currently, among modern scientists, the new trend of rediscovering the idea of schizophrenia
as dementia praecox is noticeable. This is confirmed by the fact that cognitive damage criteria
were included in the diagnostic criteria of schizophrenia in the newest version of ICD [3].« Re-
Kraepelinization » and thus come back to the concept of premature dementia emphasizes on

cognitive disintegration. Therefore it reminds us about the biological character of this illness.
Stress and diathesis model of schizophrenia

As aforementioned, the exact etiology of schizophrenia is not known, although several
factors might come into play. In a meta-analysis of genome-wide association studies, over 100

loci related to its pathogenesis were discovered that are related to dopamine synthesis and

receptors, which are a common target for antipsychotics, immunology, such as MHC complex,
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which might be linked to abnormal synaptic pruning, and glutamatergic transmission [4,5,6].
The genetic abnormalities explain the etiology of schizophrenia only partially, which suggests
significant environmental or epigenetic factors present in its development. This relationship
between innate factors and subsequent life events forms the stress and diathesis model of
schizophrenia's etiology.

According to this theory, mutations in said loci create an increased risk of developing
this disorder, yet are not always sufficient for it to occur. There are many other factors related
both to the pre-and postnatal life of a subject. Said factors are pre-and perinatal events such as
infections in utero, preeclampsia in mother, low birth mass or using forceps during birth and
urbanity, migration, chronic and acute stress, adverse events, social isolation, and substance
use in further life [4,5]. Such events disrupt the normal development of synapses in CNS [4],
lead to prolonged activation of HPA axis, imbalances in endocannabinoid and glutamatergic

systems and finally - to dopamine dysregulation and psychosis [4].

Role of neurotransmitters in schizophrenia

Dysregulation of neurotransmitters is considered to be the primary mechanism of
psychotic changes characteristic of schizophrenia recently. The dopamine hypothesis was first
considered and is of crucial importance to this day. Initially, it was argued that the cause of
psychotic disorders is a simple overactivity of the dopaminergic system. This was because
agonists like amphetamines caused schizophrenic-like symptoms and on the other hand, first
antagonists like chlorpromazine or haloperidol helped to cure delusions [7]. Over time,
functional dissimilarities of the dopamine receptors were discovered, especially between D1-
and D2- receptors. Thus, the dopamine theory began to evolve coupled with the knowledge of
their location in the brain. Positive symptoms were associated with hyperactivation of D2-
receptors in the ventral striatum and disruption of the cortical pathway passing through the
nucleus accumbens. Negative symptoms were associated with D1-receptor insufficiency in the
dorsolateral prefrontal cortex and decreased nucleus caudatus [8,9].

Interestingly, nicotine has a protective role against negative symptoms as it stimulates
dopaminergic transmission [10]. The beneficial fact is that the D2-receptor level in the
prefrontal cortex is low, and D2-antagonist drugs do not contribute significantly to the negative
symptoms. However, these drugs reduce the effect of dopamine, inhibiting the secretion

of prolactin in the tubero-fundibular pathway, which is the cause of hyperprolactinemia.

325



Neuroimmunology and transmission disorders in pathogenesis
of schizophreniain context of the diathesis-stress model

Recent neuroimaging studies (measured with positron emission tomography as the
uptake of [18] DOPA) suggest that this is an increase in dopamine in the dorsal/associative
striatum. In contrast, the dopamine concentration in the ventral striatum is normal to decrease
[11].

Another essential concept is the serotonin hypothesis. Attention was drawn to the
psychomimetic effect of serotonin-like substances in the 1960s thanks to LSD, a 5-HT agonist
[12]. Meanwhile, the distribution of 5-HT2A receptors in the frontal cortex of patients with
schizophrenia was only recently investigated in more detail in postmortem receptor studies.
Atypical antipsychotics, the first of which was clozapine, have extended their spectrum of
action to include antagonism 5-HT2A. While classic neuroleptics mainly helped in the
treatment of productive symptoms, atypical drugs also had a positive effect on negative
symptoms. The mechanism of action of these drugs is twofold. Serotonin antagonism reduces
the "kindling" of dopaminergic and glutamatergic neurons and, as a result, reduces the release
of dopamine in the nucleus accumbens, which has an antipsychotic effect. Besides, the
blockade of serotonin receptors in the mesocortical pathway increases dopamine secretion in
the prefrontal cortex. Unfortunately, 5-HT2A-antagonists activate dopaminergic neurons in the
striatum, which contributes to extrapyramidal symptoms as a side effect [13].

The additional mechanism was investigated due to observing the psychomimetic action
of phencyclidine (PCP), an antagonist of glutamate receptors (NMDAR). Moreover, negative
symptoms were observed in healthy subjects in ketamine (also NMDAR antagonist) research
[14]. Hypofunction of the NMDA-receptor, possibly on critical GABAergic interneurons, may
indirectly affect dysregulation of dopaminergic transmission in important regions such as the
prefrontal cortex and the hippocampus [15]. An example of such a disorder is antiNMDAR-
encephalitis, in which the antagonist role is played by antibodies G, and the spectacular course
resembles schizophrenia [16]. In summary, NMDA receptors may become the target of
effective drugs for schizophrenia in the future. Preliminary reports with glycine modulators
show promising but uncertain results [17].

Finally, it should be emphasized that nowadays, the pathogenesis of schizophrenia is
perceived as a broad spectrum of neurotransmitter disorders. Therefore, the individual
pathways interact with each other and cannot be treated selectively. On the other hand, the
correlation of these disorders with the disease phenotype should be investigated, which may
benefit from individualized treatment.

The interplay between internistic vulnerabilities and external stressors is the key to
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understanding the pathogenesis of schizophrenia. However, there is a growing body of
evidence suggesting novel mediators, such as microglia, the primary immune cells of the
central nervous system. Recent advances suggest the critical role of variations of the
complement system for the overactivation of microglia in people with schizophrenia. This can
lead to loss of grey matter and cognitive and negative symptoms and accounts for several

changes in the functional and structural changes observed within this disorder.

Activated microglia- two basic states

The activated microglial cells appear in two basic states, characterised as M1 and M2.
The first pathway is triggered by IFN-G, IL-1B and TNF-a, and is typically induced by
neuronal damage. Within this state, cells release proinflammatory compounds, NO, IL-1B,
TNF-a, IL-6 and glutamate. It is followed by a shift to the latter state. Cytokines like IL-4, IL-
13, and IL-25 trigger this shift. It is to observe that in this state, microglia cells facilitate anti-
inflammatory response. It is endorsed by the release of compounds like IL-10, IGF-1, TGF-B
and various neurotrophic factors. Given these ability the M2 pathway is involved in debris
clearance, extracellular matrix deposition, and angiogenesis [18]. There is a growing body of
evidence that dominance of the M1 pathway in adolescents is followed by sensory gating
deficits in adulthood [19].

Role of microglia
The role that microglia plays in the functioning of CNS is yet to be fully established.
Certainly, activation of the microglia leads to the survival of neurons [20] and phagocytose of

the neural precursor cells. However, lack of activation leads to deficits in synaptic pruning and

connectivity [21], overactivation causes excessive synaptic loss [22].

Stress and microglia

Stressful events, especially in the perinatal period, may lead to changes in microglia's
functioning and structure. lonized calcium-binding adaptor molecule 1 (IBA-1) expression is

a marker of its density. Its levels are increased in footshock, restraint, social defeat, maternal
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separation, and social isolation. Moreover, glucocorticoid receptor agonists cause
proinflammatory changes in microglia [23]. However, perinatal stress leads to blunted CS
response in adulthood [24] but increases the density of microglia [25,26]. Thus, it may trigger
the priming leading to the overactivation of microglia in adulthood of rats exposed to perinatal
stressors [27].

Perinatal stressors are widely known factors of developing structural and functional
changes in developing organisms. Humans show a unique feature of late synaptic remodeling
that remains active until early adulthood. It is still unclear how long is the crucial period for
changes in microglia density. However, it is clear that it ends in the early postnatal period [28].
This time, which is characterised by extensive neuronal remodeling, is also the time of
exceptional vulnerability. Activation of microglia in the perinatal period primes are kindling -
exaggerated response to abnormally subtle stimuli in adulthood [29].

Schizophrenia and microglia

The structure and functioning of microglia are intensively researched. Radioligands
binding to the translocator protein (TSPO) have been used to assess in vivo alternations in
microglia in patients with schizophrenia. The developments suggest increased binding
potentials in a whole-brain gray matter [30] and hippocampus [31]. In addition, several studies
have found associations between the magnitude of ligand binding and symptom severity
[32,33].

Other studies have shown that people with schizophrenia present increased microglia
density, activation, and degeneration compared to controls [34,35]. Moreover, there is
a growing body of evidence that antipsychotics cause dampening of microglial activity [36].
The dichotomy between M1 and M2 activation pathways of microglia cells appears to play
a crucial role in the damages caused to the central nervous system. The cytokines levels can
distinguish particular pathways. For example, proinflammatory cytokines levels are higher
among individuals presenting symptoms of schizophrenia [37]. They also lead to reductions in
hippocampal and prefrontal cortex volumes [38,39].

The meaning of complement system activation for the pathogenesis of schizophrenia is
yet to be fully uncovered. A genome-wide genetic association study identified 100 loci

associated with schizophrenia. One of them implicated the complement component 4.
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It generates more C4 and therefore promotes attaching C3 to the synapse, leading to the neural
cell's phagocytosis [40].

As aforementioned, the schizophrenic process is linked to various abnormalities in the
function of the immune system. Activation of microglia and lymphocyte infiltration has severe
consequences in relation to the physiology of brain tissue on a molecular level. This disturbance
leads to changes in the metabolism of neurotransmitters and their precursors (i.e., increased
activity of 1IDO) and the presence of compounds such as kynurenic acid being the result of
ongoing inflammation [6,41]. Such changes in the biochemistry of cerebral tissue might be the
factor leading to both psychiatric symptoms of schizophrenia and changes in CNS morphology
[42].

An important and relatively well-studied aspect of the neuroimmunological
abnormalities present in schizophrenia is the glutamatergic imbalance related to exaggerated
and prolonged activation of microglia. Characterised before, the M1 response of activated
microglia, focused mainly on IL1-B, TNFa, IL6, IFNg, NO, and glutamate secretion, is
a proinflammatory mechanism frequently triggered by neuronal injury. The over-abundance of
glutamate, activating its excitatory receptors and thus excitotoxicity [6,43] paired with reactive
oxygen species present as the result of neuroinflammation, leads to synaptic loss and neuronal
damage death [6,43]. It is also hypothesised that the NMDAR hypofunction in GABAergic
interneurons leads to the reduced activity which causes disinhibition of cortical glutamatergic
transmission, responsible for positive symptoms during acute psychosis. On the other hand, the
decrease of said transmission can explain the negative symptoms of schizophrenia. Lower
levels of glutamate, glutamine can support it, and glutathione is observed in MR spectroscopy
in patients with schizophrenia [43].

The ongoing inflammation does not only tilt the balance of glutamatergic transmission
in the brain by release of glutamate [6], or disinhibition of cortical glutamatergic interneurons
[43]. This state promotes the induction of Indoleamine-pyrrole 2, 3-dioxygenase (IDO). This
enzyme breaks down tryptophan into neuroactive compounds such as kynurenic acid and
quinolinic acid. Also, other neurotransmissions dopaminergic, noradrenergic and
aforementioned GABAergic, appear to be affected by metabolites of this pathway. Moreover,
upregulation of IDO leads to serotonin depletion and depressive symptoms [41].

Apart from inflammation-related changes in adults’ CNS occurring in schizophrenia,

the role of proinflammatory cytokines - mainly IL1B and IL-6 appears to be important in the
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developmental aspect of said disorder. The first of them is shown to induce dopaminergic
phenotype in rats' mesencephalic progenitor cells, while the latter decreases the survival of
serotonergic neurons in fetal brains [44]. Furthermore, the increased role of microglia in
synaptic pruning [21,22] might lead to cortical dysregulation via excessive synaptic loss in PFC
and hippocampus, which can be a viable explanation of lower grey matter volume in said areas
and cognitive decrease and negative symptoms. Said symptoms and volume loss are observed
to be correlated. Disrupted cortical development can be also responsive for the disinhibition of
subcortical dopaminergic neurons, which might underlie positive symptoms [41].

Role of microbiome

The gut microbiome dysregulation is observed in many systemic diseases, even well-
described for depression. So it may not be surprising that in some clinical studies, dysbiosis is
also implicated in schizophrenia. It is worth noting that they were already shown during the
first episode of psychosis. Moreover, microbiota imbalance is directly related to the increased
permeability of the intestinal mucosa to various substances. They include inflammatory
cytokines (IL-1beta, IL-6, TNF-alpha) that stimulate the HPA axis and microglia. On the other
hand, short-chain fatty acids (SCFAs) formed in the physiological bacterial fermentation
processes of undigested carbohydrates reduce the proinflammatory activity of microglia.
Additionally, SCFAs affect adipocyte receptors, inhibit lipolysis, and reduce free fatty acids,
which promotes weight normalization. Thus, a deficiency of good bacteria can enhance weight
gain during antipsychotic treatment. In parallel, some microorganisms can produce
neurotransmitters such as dopamine (e.g., Bacillus, Proteus vulgaris, Serratia marcescens) and
serotonin (e.g., Candida, E. coli, Enterococcus) which act on vagus nerve and enteric nervous
system. Moreover, antibodies to the fungus Saccharomyces cerevisiae (ASCA) were
statistically more common in patients with schizophrenia. However, what is interesting,
paradoxically, Proteobacteria and Firmicutes were found both significantly elevated and
reduced in schizophrenia. Perhaps the one genuinely consistent conclusion is a significant
elevation of Lactobacilli in schizophrenia, and what is more, it even correlates with symptom
severity. Though it may seem perplexing, considering that Lactobacilli are standard
components of probiotics. Thought to be beneficial for mental health, it does have a probable,
reasonable explanation — it depends on which specific subtype of Lactobacilli is present in the

patient's gastrointestinal system and can be related to both the pathogenesis of psychiatric
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disorders bring benefits to them [45]. Prebiotics (mainly non-digestible oligosaccharides which
are utilized by host microorganisms) in rodent studies enhanced glutaminergic transmission in
the prefrontal cortex and increased BDNF levels in the hippocampus. Such changes would have
a positive effect on cognitive impairment in patients with schizophrenia. However, preliminary
studies claim that supplementation by probiotics (Lactobacilli and Bifidobacteria) does not
improve the PANSS score. However, probiotics reduce the constipation problem often caused

by antipsychotic treatment [46].

Conclusions

As discussed above, the pathogenesis of schizophrenia is a complex topic. This disorder
appears to be caused by dysregulation of transmission between various parts of the brain with
ongoing inflammatory processes (i.e., microglial activation, lymphocyte infiltration, elevated
cytokines) linked to environmental (past infections, urbanity, psychological) trauma) and
genetic factors. What is sure is that current data do not provide evidence for the existence of
a single deciding factor.

Schizophrenia is a problem both for individual patients and the healthcare system as the
affected frequently lose their ability to function in society independently. Furthermore,
medications used to treat this disorder have worrisome side effects that can lower patients'
compliance and lead to costly treatment situations. Despite best efforts, a significant percentage
of people affected by schizophrenia do not achieve sufficient results after beginning the
treatment, significantly when alleviating negative symptoms.

The complexity of changes occurring in physiology and anatomy of the central nervous
system of people who have schizophrenia, however daunting, may present a chance of
developing a new line of treatment focused, for example, more on mitigating the
immunological disturbances than imbalances in neurotransmitters. As it is currently studied,
the link between immunology and psychiatric disorders seems more potent than it was thought

before.
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Introduction

Since antiquity, animal experiments have served scientific purposes, mainly learning
anatomy, physiology, and other branches of medicine. Aristotle, the author of "On Parts of
Animals", conducted dissections on dead animals [1]. The first vivisection on the animal is
credited to Andreas Vesalius (1514-1594). For many years, however, this procedure, like
others, was performed without any anesthesia because scientists ignored the fact of inflicting
pain on animals, explaining it most often by their inability to feel suffering

In the 17th century, vivisections were criticized due to the emergence of the view that
suffering interferes with the functioning of the body's organs, and therefore experiments do not
bring reliable results. Only in the nineteenth century, with the emergence of humanistic trends,
perceiving the suffering of animals, animals subjected to the procedures were previously
anesthetized. At the same time, the anti-revision movement began to develop. Britain passed
The Cruel Treatment of Cattle Act (1822), prohibiting the cruel treatment of pets, and the
Cruelty to Animals Act (1876), the first law to regulate animal experimentation. Today, guided
by the availability of other alternative methods and their greater credibility and moral reasons,
more and more scientific institutions are trying to reduce the amount of research carried out on
animals [1].

In the 60’s of the 20" century [2] social protetsts began on exploiting animals in the
USA. A breakthrough highlighted in the literature on the subject was the publication by Peter

Singer, "Animal Liberation,” in which the author (an ethicist and philosopher) looked at how
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animals were treated by humans, primarily to provide substantive arguments people fighting
for animal rights.

Despite many controversies, an important role in the development of medical sciences
is played by laboratory animals. Experiments with the use of animals constitute the initial stage
of drug research, preceding clinical trials in which substances come into contact with the human
body [3]. Such experiments are always carried out in special rooms and with the Ethics
Committee for Animal Experiments [4]. Animal studies are not randomized trials and the
organisms involved are not random. Their source must be places intended for breeding, the
owners of which have special permissions for the experiments, mice, rats, voles, guinea pigs,
gerbils, rabbits, dogs, cats, and other mammals [4].

In 2004, the European Union banned testing cosmetics on animals [5]. On March 11,
2013, a complete ban on the use of ingredients in cosmetic products that had been tested on
animals was introduced, and the marketing of products containing such ingredients was
prohibited. Cosmetics are the only product group that has been banned [6].

In Poland, in 2019, according to data published on www.bip.nauka.gov.pl, animals
were used for scientific experiments [7]. One goal of animal research is to expand knowledge
on the prevention, diagnosis, and treatment of diseases and develop broadly understood
pharmacotherapy. Toxicological tests are also considered essential as Sakowski [8], i.e.,
checking the doses in which certain substances are dangerous and lethal, which, for obvious
reasons, cannot be tested on humans. Such tests determine the LD50 parameter, or dose, based
on the number of milligrams of a given compound per kilogram of body weight that will kill
half the population.

Another very important reason is the widely understood medicine and medical
biology and dietetics and nutritional research (testing drugs, new techniques, e.g., surgery, and
the long-term influence of particular chemical compounds in food on health) [6].

However, performing experiments with the use of animals still raises a lot of
controversies, is the subject of clashes between supporters and opponents of this type of activity
[9-13].

On the one hand, there are opinions of researchers who firmly point out that the
prohibition of conducting research and experiments on animals may lead to stagnation in
science, and on the other. There are more and more voices of opposition to similar actions, that
man has no right to cause specific harm to other living creatures.

Therefore, we decided to get to know the opinions of Internet users regarding

experiments with animals.
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Material and methods

The study was carried out in November 2020-February 2021, using the diagnostic
survey in a group of 622 Internet users by disseminating the own-authored questionnaire via
the online platform (survio.com; google.pl) distributed using the snowball technique.

The obtained material was analyzed and developed using the basic descriptive
statistics with the use of MS Excel.

This study included (72% women and 174 28% men aged 17-75 (mean age 31.4 £ 10.5).
More than half (52%) of the group were people under 40 years of age.

Almost 40% were school pupils/students; 34.7% were professionally active white-
collar workers; 19.0% - professionally active blue-collar workers; 8.7% were retirees and 3.9%

- professionally inactive people. City residents accounted for 74% and village residents 26%.

Results

The vast majority of respondents (86.5%) had a pet. Sixty-six percent had a dog, and
56% had more than one pet. Forty-two percent had animals for more than two years. Forty-two
percent had a cat, parrot (18%), hamster (16%), guinea pig (11%), rabbit (9%), rats and
chinchillas (4% each), and canary (3%) owners.

As many as 67.1% declared that they treat their pet as a full-fledged family member.

The respondents were questioned if the man who owns the animals can do whatever
he wants with him, without any restrictions. The vast majority of the respondents (97.1%) gave
a negative answer.

The respondents were also asked to determine whether animals could be killed in
certain circumstances. The respondents would most often allow killing animals when they were
very sick, tired, and could no longer be helped (49.8%) and when they were to be used for meat
or other economic needs (35.4%). The answers are presented in Table I.

Another question was related to the opinion on punishing people for inappropriate
behavior towards animals. Almost all (98.4%) respondents favored severe punishment in the
case of abuse of an animal, their own or stray and killing unnecessarily, for fun (94.5%). The
vast majority of respondents (90.4%) had negative opinions on testing cosmetic or therapeutic

agents on animals in a way that causes them suffering. Details are presented in Table II.
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Table I. Circumstances are justifying, according to the respondents, killing animals.

Answer | Yes | No | Itisdifficult to say

For meat or other economic needs 35.4% | 24.1% 40.5%

They are very sick, they get tired and cannot | 49.8% | 16.1% 34.1%

be helped

They are dangerous and dangerous to 21.5% | 44.4% 34.1%
humans

They are harmful 16.4% | 53.1% 30.5%

They are useless 1.3% | 87.8% 10.9%

All without any special restrictions 0 94.5% 5.5%

Table Il. Respondents opinions on punishing people for inappropriate behavior towards

animals

Answer Punish | Punish | Donot | Idonot | Idonot
severely | mildly | punish care know

They kill animals unnecessarily for | 94.5% 4.4% 0 0 11%

fun

They bully an animal - their own or | 98.4% 1.6% 0 0 0

a stray animal

They transport animals, farm and | 93.2% 5.8% 0 0 1.0%

slaughter, without providing them

with food and water for many days

They throw a dog or cat out of the | 86.8% 10.6% 0.3% 0.6% 1.7%

house

They compel animals to play, sport, | 85.2% 12.9% 0.6% 0.6% 0.7%

or profit, behavior that may be

painful for them

They test the effects of cosmetic/ | 90.4% 6.1% 1.0% 0.3% 2.2%

therapeutic agents on animals in a

way that causes them suffering

They keep animals in inappropriate | 89.2% 10.3% 0.3% 0 0.2%

living conditions, which is harmful

to them and causes them to suffer

They don't heal sick animals 74% 19.3% 2.9% 0.3% 3.5%

They deal with animals in a| 83% 15.4% 1.0% 0.3% 0.6%

malicious way, e.g. frighten them,

irritate them, bind them for fun

They violently feed livestock for | 88.1% 7.7% 1.3% 0.3% 2.6%

slaughter, causing them to suffer in

order to obtain adequate meat

When breeding animals, they do | 85.2% 12.2% 1.3% 0.6% 0.7%

not care about their possible

damage and injuries

They kill slaughter animals without | 88.7% 5.8% 1.6% 1.3% 2.6%

prior proper stunning

They make animals work beyond | 88.7% 6.8% 1.3% 0.6% 2.6%

their strength
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The vast majority (92.6%) of surveyed have heard about the use of animals for
experimental purposes. The most common areas in which animal experiments are carried out
were indicated medicine (80.7%) and testing of cosmetics, detergents, and cleaning agents
(66.9%).

Animal experiments were identified by Internet users, mainly with laboratory animals.
Eighty-five percent of respondents indicated mice as the most frequently used animals, and
70.1% - rabbits.

An interesting issue was the public's opinion about whether the experiments were
conducted humanly. The vast majority (80%) of the respondents, stated that they did not.

More than 1/3 (34.1%) of the surveyed reported that the laboratory animals' conditions
are not appropriate.

The expression of concern and humanitarian approach should be, above all, the relief
of pain associated with the performed experiment. However, the perception of pain by animals
of particular species is a controversial issue. The vast majority (88.4%) of respondents reported
that all animals feel pain in the same way as humans.

One of the areas in which animal experiments are used is the development of science,
including biology and medical sciences. An alternative to conducting experiments on animals
in universities and schools, in which an animal is Killed or painful for scientific purposes, could
be the use of modern technologies, including virtual reality. Most of the respondents (71.7%)
indicated that experiments that could be replaced with the use of a computer should be
prohibited. Details are summarised in Table I11.

The opinions of the respondents on the safety of products tested on animals were also
analysed. Only 19% were convinced that they were safe, and 42.4% had no opinion on this
matter.

The fact that animal experiments are complicated and painful, mainly for animal lovers,
was convinced by 62.9% of the respondents.

The next question in the questionnaire concerned the impact of experiments with
animals on humans. The vast majority stated that such incidents increase a person's sense of
power and superiority over others (68.8%). More than half of respondents (58.8%) reported that
the experiments had a destructive effect on the mind and emotions of a person who participates
in such research. Less than half (40.5%) of the respondents indicated that the animals
participated in experiments influencing the development of medicine, transplantology, genetics,

and pharmacy.
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Table I11. Opinions of the respondents on selected aspects related to the conduct of experiments

Answer Definitely Yes Itis difficult No Definitely
yes to say not
The experiments 62.7% 18.0% 16.7% 1.0% 1.6%

cause pain and
suffering to animals

The experiments 72.7% 17.7% 7.7% 1.6% 0.3%
cause stress

They are the cause of 69.5% 19.9% 7.4% 2.6% 0.6%
great fear

They cause 59.2% 21.2% 18.3% 1.0% 1.3%

permanent damage
to the organism of

animals

They take place in a 5.8% 7.1% 37.6% 21.2% 28.3%
human manner

Optimum conditions 5.8% 9.3% 39.9% 18.3% 26.7%

are ensured

The final questions included in the questionnaire related to legal regulations. Less of
half (45.3%) of the surveyed had no idea about it.

Discussion

The aim of this study was to find out the opinions of Internet users regarding
experiments with animals. In the present study, we found that most respondents have heard
about the use of animals for experimental purposes and believed that the conditions they are
staying in and the experiments are not appropriate. Most respondents thought experiments with
animals increased humans' sense of power and superiority over others, aggression, and higher
feelings' disappearance. Most surveyed were convinced that animal experiments caused them
pain and caused suffering, stress, and fear and should be strictly forbidden. Our findings are
similar to reports on attitudes toward animal experiments. In a study from Georgia [14] was
explored public attitudes towards animal research. Totally 750 interviews were conducted. For
most respondents (68.0%), animal use in Biomedical research is acceptable. And 82.0% of
respondents fully or partly agreed with the concept that the involvement of animals in
experiments complies with the principles of international norms and is acceptable. Furthermore,
the authors found the respondents' attitude towards animal testing in biomedical research is
influenced by age, education, and occupation. Gender, place of residence, and experience with
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having animals do not affect the respondent's attitudes. In a study from Canada [15] using a
web-based survey was used to explore people's willingness to support the use of mice in chronic
versus acute pain research. The majority of the participants opposed the use of mice for either
chronic (68.3%) or acute (63.1%) pain research. The results of a survey published in 2014 by
the Department for Business, Innovation, and Skills showed that a majority of the British public
accept the use of animals in medical research ‘where there is no alternative' [16]. Of the 969
respondents questioned, 68% agreed that they could accept the use of animals in research for
medical purposes where there are no alternatives — such as using computer modeling or in vitro
testing. Results also revealed that 60% accepted the use of animals in research to help our
understanding of the human body and 64% accepted use to increase understanding of animal
health, where no alternative exists. Around half agreed that animals should only be used in
medical research into 'life-threatening or debilitating diseases. In 2014, TNS survey [17]
researched a representative sample of 1,000 Polish residents; 48% of the respondents had a pet
at home. Most Poles had a dog (83%), and 44% had a cat (44%). Similarly, in our study, 86.5%
of the respondents had a pet, dogs (66%),

Due to their dependence on agriculture, farming, and animal husbandry, it is worth
remembering that traditional societies had a strong relationship with animals treated as
breadwinners and family members [18,19]. Similarly, in our research, 67.1% declared that they
treat their pet as a full-fledged family member.

Unfortunately, the latest statistics from the Ministry of Justice, Poland, showed that
the number of crimes against animals has increased. In 2004, there were over 990 crimes
against animals, and in 2015 - 1,859 [20]. In the years 2012-2014, were 4,475 cases of crimes
against animals. The most frequent victims of crime were domestic animals (65.7%), farm
animals (32.6%), and wild and wild animals (1.7%) [21].

Almost all respondents (98.4%) from the current survey were in favor of severe
punishment in bullying an animal and killing them unnecessarily. According to 94.5% of the
respondents, no circumstances are justifying killing animals.

In our study, the ecological trend is observing, and greater sensitivity to the natural
environment, including animals, was also reflected in the consumption of products and diet
differentiation. Currently, most Internet users have limited meat products in their diet. The use
of a meat-free diet, depending on the situation, was declared by 30.5% of respondents, a vegan
diet was used by 6.1%, and 13.2% converted to vegetarianism, which is closely related to the

elimination of animal products.
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Experiments using different species of animals as research models are carried out in
many scientific disciplines, such as medicine, pharmacy, dermatology, cosmetology,
agriculture, and zootechnics. In the current study, the most common areas in which animal
experiments are conducted were indicated as medicine (80.7%) and cosmetology, e.g., testing
cosmetics and cleaning products (66.9%). Slightly less frequently, genetic and education
studies were reported. A 2013 study on a representative random sample of 1,101 adult residents
of Poland showed that 58% of respondents believed that it was right to test medicines for
humans on animals, 30% - to test cosmetics and clean products. They were much more opposed
to testing cosmetics on animals, cleaning products, and medicines, respondents under 25 years
of age [18]. In the surveyed group of Internet users, the vast majority (92.6%) had heard about
the use of animals for experimental purposes. As many as 90.4% were against testing the effects
of cosmetic/therapeutic agents on animals in a way that caused them suffering. Although the
majority of 2013 respondents were against testing cosmetics and cleaning products on animals,
only 10% of them checked whether they were tested on them when they purchased them.
Women (15%) paid more attention to whether cosmetics and cleaning products were tested on
animals than men (5%) [18]. In our study, a much larger number of people (37.3%) paid
particular attention to cruelty-free products - that is, not tested on animals and avoided them.
The latest survey from 2020 by Cruelty-Free Europe showed that 80% of adults in Poland
reported that the European Union should invest more in research methods alternatives to animal
testing [19]. Also, nearly three-quarters (72%) of adults in EU member states agree that the EU
should set binding targets and deadlines to phase out animal testing. Almost % of the EU
population believed that the EU should set binding targets and deadlines for a complete end to
animal testing. A study conducted on the Ariadna panel in October 2019 on a nationwide group
of 1,041 people over 18 years of age showed that 57% of surveyed Poles were against testing
drugs on animals [20]. In a survey conducted by Savanta ComRes in June 2020, over 70% of
respondents from 12 EU countries agreed that the EU should set binding targets and deadlines
for a complete end to animal testing [19]. Respondents agreed that the EU should invest more
in developing alternatives to animal testing, they agreed in Portugal - 85% of respondents,
Croatia - 84%, Poland - 80%, Romania - 80%, Italy - 79 %, in Germany - 76% and in France -
75%. In a study from 2013, the majority (79%) of the Polish respondents reported that all
animals feel pain in the same way as humans [21]. In the present study, 88.4% of respondents
shared the opinion. On September 8, 2010, the European Parliament (EP) voted in favor of

changes to the law on conducting experiments on animals, which have not been changed for 20
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years [22]. The EP advocated a significant reduction in the use of animals in experiments. The
use of animals for experiments is allowed only in strictly defined scientific experiments and in
drug testing and species protection.

Guided by the experience from validation studies for alternative methods in
toxicology, concepts of a Good Cell Culture Practice (GCCP) are currently being developed
which aim to define minimum quality standards for in vitro techniques [23] .

During the last two decades, in vitro technology has been successfully developed and
its use is continuously growing. Advanced tests avoiding animal experiments are required for
routine industrial applications e.g. for pharmacological high-throughput screening [24].

In the current study, most respondents reported that it is necessary to verify and make
appropriate changes in many precedents that fall victim to animals (limit the number of animals,

better conditions for animals, ban commercial experiments and increase controls).

Conclusions

1. Most respondents have heard about the use of animals for experimental purposes and
believe that the conditions they are held in and the experiments are inappropriate.

2. A majority also thought experiments with animals increased humans’ sense of power
and superiority over others, aggression, and decreased higher feelings.

3. Finally, most of those surveyed were convinced that animal experiments caused pain

and suffering, stress, and fear and should be strictly forbidden.
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Abberviations list

AIDS - Acquired immunodeficiency syndrome

e AML - Acute myeloid leukaemia

e AHTATS - Agency for Health Technology Assessment and Tariff System

e CP - Centralized Procedure

e CLL - Chronic lymphoid leukaemia

e CTD - Common Technical Document

e DCP - Decentralized Procedure

e DLBCL - Diffuse large B-cell lymphoma

e EMA - European Medicines Agency

e EU - European Union

e GCP - Good Clinical Practice

e |CH - International Conference on Harmonization

e MCL - Mantle cell lymphoma

e M.D.S. - Myelodysplastic syndromes

e MM - Multiple myeloma

e MRP - Mutual Recognition Procedure

e NHF - National Health Fund

e ORMP - Office for Registration of Medicinal Products

e ORMPMDBP - Office for Registration of Medicinal Products, Medical Devices and
Biocidal Products

e OS - Overall Survival

e PSURs - Periodic Safety Update Reports

e SmPC - Summary of Product Characteristics
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e TKI - tyrosine kinase inhibitor
e WHO - World Health Organization

Research ethics controversy

New drug clinical trials are essential for the introduction of new drugs to the market.
Overall, the worldwide research ethics controversy has centered on three issues: the standard
of care, the "reasonable availability; and the quality of informed consent [1]. This chapter
focuses on the approach to the registration process and equality in advanced treatment
availability. The history of clinical trials, the drug approval procedure, the rationale behind this
complicated procedure, and its implications for patients with haematological malignancies are

described.

History of clinical trials

Since the dawn of time, humanity has been trying to assess the safety of its treatment
methods. The first document evaluated the efficacy and safety of drugs, usually of plant origin,
thousands of years ago. An example of such attempts is described in the "Book of Daniel.” The
world's first clinical trial was not conducted by a medical, but by King Nebuchadnezzar. The
king ordered his people to eat only meat and drink only wine, a diet he believed would keep
them in sound physical condition. However, several young men of royal blood, who preferred
to eat vegetables, objected. So the king allowed these rebels to follow a diet of legumes and
water — but only for ten days. When the experiment ended, the vegetarians appeared better
nourished than the meat-eaters, so the king permitted the legume lovers to continue their diet.

The first person to establish the principles of human research was the Persian physician
Avicenna. In the Canon of Medicine, written in 1020 A.D., he established seven principles for
the experimental research of drugs. For example, one rule says that an experiment must be
conducted in humans because testing drugs in animals adds nothing to evaluating their effects
in humans. All seven principles are used so far in the evaluation of the investigated trials.

Hundreds of years later, in 1747, the famous experiment took place in England. James
Lind, a British naval physician, divided the 12 seamen suffering from scurvy into six groups.

Each of these groups was given a different specific drug. Only those sailors who regularly
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received citrus fruits recovered. Unfortunately, this medical discovery was not fully profited
for the next hundred years. It was a significant loss because more people died from scurvy
during this time than from the actions of the 100-year Anglo-Spanish War. To commemorate
this event, the International Day of Clinical Trials was established in 2005. It falls on May 20,
when James Lind started his research [2].

Over the following years, researchers introduced new standards into clinical trial
practice. Thus, in 1898 Johannes Fibiger conducted the first randomized trial, i.e., with random
allocation of patients, in patients with pertussis, comparing vaccines and the standard treatment
of sun exposure. Then, in 1911-1913, Adolf Bingel conducted the first attempt in blinding to
evaluate the results of the diphtheria trial. However, the evaluating doctors did not know which
drug was given to the patients [3,4].

The creation of the Nuremberg Code was a great achievement of modern times. It was
created based on court trials of Nazi doctors who carried out murderous experiments on
defenseless prisoners of concentration camps. The Code was published in 1947 and contains a
set of 10 principles of ethical research in humans. For the first time, it was written that the
patient's free consent is a precondition for participating in research and that the research must
have a meaningful and scientific basis.

The principles of Good Clinical Practice (GCP), which are in force worldwide, were
published in 1996—the International Conference on Harmonization (ICH) guideline on
conducting clinical trials. The document is coded E6 and is also a bioethical standard. The
principles of the GCP are primarily based on the findings of the Nuremberg Code findings
[5,6,7].

Every clinical trial currently conducted in the world must be consistent with the GCP
standards. Thus, the GCP Principles are the most important standard for conducting clinical
trials, applying to the researcher, sponsor, and all other persons working on clinical trials.
Moreover, their implementation significantly contributed to the qualitative development of

experimental medicine [8].

Stages of developing a new drug

The procedure of the new drug introduction to the pharmaceutical market may take
even a dozen years. Drug development is a long and expensive endeavor: it takes about 12 years
to move from preclinical testing to final approval. It is estimated that it costs approximately $3

billion to develop a new drug, considering the high failure rate, wherein only 10-20% of drugs
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tested are successful and reach the market [9]. Creating a new drug and introducing it to the
medical market consists of three successive stages. At each stage, the substance's specification
is checked, which means that at each stage, the substance may be withdrawn and the process

discontinued. In such cases, invested money is lost [10].

The first stage: Preclinical studies

The first stage is preclinical research aimed at developing a new component of the drug
ingredient. Patients' needs, knowledge about the disease, and the latest scientific reports are the
fundamentals on which the development of a new drug is based. Based on this knowledge, a
molecule or many molecules with a similar structure are created and one with the most
promising properties is selected. The first tests are then conducted under laboratory conditions.
First, whether the selected molecule (which is not yet a drug) produces the desired biological
effect is checked. If it can be proved that the new molecule has the expected biological effect,
the animal testing phase begins. Next, it checks the potential toxic effects on living organisms.
This first stage may take up to several years. When the molecule’s efficacy has been confirmed
in the predetermined indication, the investor can begin to bring the molecule into clinical trials
[11].

The second stage: Clinical trials

According to the WHO definition, a clinical trial is "a study that analyses new
diagnostic and therapeutic methods and evaluates their effects on human health" [12]. This is
the process that each drug must go through in order for it to be approved for later sale. Its
purpose is to check the effectiveness and safety of the molecule.

In order to start clinical trials, the investor must apply for the issuance of a permit to
conduct the trial. In Poland, applications are submitted to the President of the Office for
Registration of Medicinal Products, Medical Devices and Biocidal Products (ORMPMDBP),
and the relevant Bioethics Committee. The process of obtaining the opinion of the relevant
Bioethics Committee and the permit from the President of the ORMP can be conducted in
parallel [13].

The President assesses and reviews such a request within no more than 60 days, counted
from the date of submission of full clinical trial documentation. During the procedure for issuing
a clinical trial authorization, the President of the Office may request the sponsor to provide

supplementary information necessary for the authorization. Inclusion of a patient in the trial
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before these requirements are fulfilled is not possible. According to the legislation, the sponsor
may start a clinical trial only after obtaining the consent of both authorities [14].

After obtaining consent, the clinical trial of a new molecule goes through 4 successive
phases: clinical trials are carried out in the following stages:

e Phase 0. is based on preliminary studies aimed at obtaining information on the
pharmacology and distribution of the potential drug and its ability to cross physiological
barriers in the body. It is usually based on administering low therapeutic doses of the
drug isotope-labeled to a population of 10-15 healthy volunteers.

e Phase I. is run on a small group (20-80) of healthy volunteers. Its purpose is to
investigate therapy's safety, potential toxicity, pharmacokinetics, and pharmaco-
dynamics (estimation of the minimum and maximum dose, half-life, etc.). Some
medicines (such as anticancer or antiretroviral medicines) are being studied in patients
with advanced disease.

e Phase Il. is run on a larger group (20-300). It aims to test the clinical effectiveness of
therapy in a specific disease. This is a study phase that can last up to several years and
provides the necessary information for an analysis. The benefit-risk ratio of the
investigational drug decides whether to launch another phase 111 study.

e Phase Ill. is arandomized study on a large group (300-3000 or more) of patients. It aims
to assess the effectiveness of a new therapy fully. Furthermore, it enables assessing the
effectiveness, safety, and possible interactions between the tested preparation and other
drugs. Researchers confirm the action of a drug in a given indication in a large
population of patients and verify whether a given drug is more effective than the
previously used standard.

e Phase IV. is also known as the post-registration study, is carried out after the drug is
introduced. It aims to confirm the effectiveness and safety of the drug through its long-
term use. This stage determines whether the drug is safe in all indications recommended
by the manufacturer and for all patients. It also verifies the results obtained in previous
phases [15].

Studies on new medicines are conducted on the commission of pharmaceutical
companies, while non-commercial studies are conducted mainly by universities, research
institutes, associations, and foundations. It is necessary to obtain the appropriate permits, i.e.,
the consent of the President of the Office for Registration of Medicinal Products,

Medical Devices, and Biocidal Products and a favorable opinion of the Bioethics Committee.
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Participation in a clinical trial is voluntary and requires appropriate preparation. The
investigator who qualifies patients for the study must carefully explain all aspects of the study
that are unclear or doubtful to the subject. Informed consent of the patient is necessary for his

participation in the clinical trial [16].

Third stage: The registration process

After all phases of non-clinical and clinical research have been positively evaluated,
investors move on to the third phase, i.e., introducing the active substance to the market. In the
European Union, the European Medicines Agency (E.M.A.) is responsible for this process and
regulates four procedures for the registration of medicines:

e National authorization procedures

e Mutual Recognition Procedure (M.R.P.)

e Decentralized Procedure (D.C.P.) based on national law transposing Directive
2001/83/E.C.

e Centralized Procedure (C.P.) based on Regulation (E.C.) No 726/2004 and Directive
2001/83/E.C.

Particular procedures differ in duration, amount of the registration fee, and the area in
which the medicine will be authorized. The most important procedure for registering medicines
is the C.P., as it involves registering medicine immediately in all E.U. countries. The CP takes
place at the E.M.A. and the European Commission issues the marketing authorization decision
based on the E.M.A. report. The European Commission uses the scientific opinion of the
Committee for Medicinal Products for Human Use (CHMP) in the final decision [17,18,19,20].

The investor shall prepare for E.M.A. the appropriate registration documentation
(dossier) for a medical product, consisting of two types of documents. It includes both scientific
documents confirming the medicine's quality, safety, and efficacy and administrative
documents (registration application and others). The format of the scientific substantiation has
been standardized as a Common Technical Document (CTD). The CTD consists of five
modules:

e Module 1 provides information on administrative, regional, or national matters of all
E.U. countries and a description of the adverse reaction monitoring system. In addition,
this module covers detailed administrative data requirements, particularly the
application form, the proposed Summary of Product Characteristics (SmPC), package

labelling, leaflet. In Poland, the assessment of Module 1 is performed by the
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ORMPMDBP, which also decides to include the drug in the Register of Medicinal

Products approved for marketing on the territory of the Republic of Poland.

e Module 2 - Contains overviews and summaries of the scientific documentation
contained in the following modules: general quality summary, review and summary of
non-clinical data and review and summary of clinical data.

e Module 3 - introduces the quality documentation for the medicinal product and
information on development studies, substance manufacturing, medicinal product
control and stability studies

e Module 4 - contains the results of non-clinical studies and related literature;

e Module 5 contains the results of clinical trials, related literature, data from the available
Periodic Safety Update Reports (PSURs), and bioequivalence studies in the case of
generic drugs [21].

The medicine's marketing authorization is dependent on a positive assessment by the
E.M.A. based on the registration dossier. The dossier must indicate that the medicine is: safe,
effective, of adequate quality. The medicine's benefits outweigh the risks associated with its use
(positive benefit-risk balance) [22,23]. All anticancer drugs have been registered in E.U.
countries and authorized in Poland through a C.P. The registration of new drugs in the E.U.,
especially immunotherapeutics and drugs already used in new indications, is progressing
rapidly and many new registrations should be expected. However, conducting the
aforementioned clinical trials and the subsequent drug registration process are extremely costly
for investors. For example, the first tyrosine kinase inhibitor (T.K.l.), imatinib, was introduced
in 2001 at roughly $30 000 per year of treatment. Now, twenty years later, its price has dropped.
However, others, introduced more recently, cost roughly $100 000 per year or more. T.K.l.s
exceeded survival benefit expectations; however, they also have a notably high cost [24,25].
The availability of advanced treatment is currently limited for the patient due to the high cost
of drugs, dictated by the high cost of research. For now, advanced therapies are available to
patients either through government reimbursement or through patient participation in clinical
trials. The perspective of being treated with drugs available to patients in clinical trials offers
them new prospects for better recovery outcomes. Clinical trials become an opportunity for
patients with advanced neoplasm to recover or prolong their lives. However, most clinical trials
in Poland and worldwide are conducted in centers located in larger districts or provincial cities.
Therefore, patients with the same diagnosis do not always have the opportunity of equal

treatment. The described inequality in access to treatment is currently a challenge for health
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systems and medical personnel. During the daily medical practice, attention should be paid to
the appropriate orientation of doctors to the current therapeutic possibilities in their region. The
second option for patients' access to the new therapy is its national reimbursement. The
Reimbursement Act has regulated the inclusion of innovative therapies in reimbursement in
Poland since 2012. At first, the pharmaceutical company requests reimbursement to the
Ministry of Health. Then, the Minister of Health asks for the Agency for Health Technology
Assessment and Tariff System (AHTATS) assessment. The AHTATS, commissioned by the
Minister of Health, with the participation of external experts, assesses the application. The
President of AHTATS issues the final recommendation. Then, the pharmaceutical company and
the Minister of Health conduct price negotiations. The Ministry of Health issues the final
reimbursement decision. Finally, the drug is entered into the list of reimbursed drugs, foodstuffs
for particular nutritional uses, and medical devices under the N.H.F. drug programs. The most
common reason for negative AHTATS assessments is the lack of economic justification for the
use of innovative therapy. In many cases, treatment is too costly for the state budget. In the
case of oncological treatment, it can be assumed that more than 50 000 cancer patients in Poland
could benefit annually from various methods of molecularly targeted therapy and
immunotherapy. However, standard chemotherapy is currently a relatively cheap treatment.

Any new therapy used instead of chemotherapy will cost more and challenge the state budget.

Hematological neoplasms where a new therapeutic approach is the key point

of research

Haematological neoplasms are a specific group of diseases in which complete
remissions are rarely achieved. Therefore, finding an effective treatment that completely
removes these diseases is crucial. Due to this fact, large-scale clinical trials are conducted
worldwide, locating, as previously mentioned, mostly in large clinical centers. Therefore, the
number of clinical trials in the world and Poland was compared. The clinical trial data was
obtained from ClinicalTrials.gov (data cited 7.28.2021). Only those studies with the status

"recruiting”, "not yet recruiting”, or "active not recruiting" were selected for the citation.

Diffuse large B-cell lymphoma (DLBCL)
The most common lymphoma, regardless of age group, is diffuse large B-cell lymphoma

(DLBCL). DLBCL is the most common histologic subtype of non-Hodgkin lymphoma
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(N.H.L.), accounting for approximately 25 percent of N.H.L. cases. The diagnostic category o
DLBCL is heterogeneous in terms of morphology, genetics, and biologic behaviour. Several
clinicopathologic entities are now recognized in the 2017 World Health Organization (WHO)
classification that is sufficiently distinct to be considered separate diagnostic categories. Diffuse
lymphomas are aggressive tumours; therefore, early treatment is essential, without which the
patient has a chance of survival for several months. Most relapses occur within the first three
years of treatment, and 10% occur more than five years after completion of treatment [26, 27].
Out of 454 trials, 21 DLBCL clinical trials have been launched in Poland [28].

Mantle cell lymphoma (MCL)

Mantle cell lymphoma is a rare tumour of the lymphatic system, but is likely to be
aggressive and recurrent. MCL is one of the mature B cell non-Hodgkin lymphomas (N.H.L.).
Mantle cell lymphoma (MCL) represents 5-7% of malignant lymphomas, with an annual
incidence that has increased over the recent decades to 1-2 cases per 100,000 persons in
Western Europe. MCL remains an incurable lymphoma, no plateau in survival curves is
observed, and virtually all patients will experience disease recurrence [29]. While most patients
with MCL who do not begin therapy will die of their disease within a few years, a small
proportion, increasingly better defined, may remain stable for years. These occasional patients
with low stage, low-risk disease may have an indolent course, managed by observation,
splenectomy, or treatment with alkylating agents analogous to the treatment of patients with
small lymphocytic lymphoma or follicular lymphoma. However, MCL is usually diagnosed at
an advanced stage and requires systemic treatment. Recurrent disease is treated palliatively and
does not lead to a cure. At the moment, no effective treatment is known. Therefore patients are
often included in controlled clinical trials [30]. In this case, out of 276 trials, 20 MCL clinical

trials have been launched in Poland [31].

Acute myeloid leukaemia (A.M.L.)

Acute myeloid leukaemia (A.M.L.) represents a diverse group of disease entities with
the common characteristic of the abnormal clonal proliferation of hematopoietic myeloid
precursor cells. The most common acute leukaemia in adults, A.M.L. will be diagnosed in an
estimated 0.006% of adults. Approximately 0.003% of adults will die from A.M.L.,
approximately as many deaths are predicted for all other types of leukaemia combined. It is

a disease in which clonal proliferation and accumulation of morphologically and functionally
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immature blast cells, derived from neoplastically transformed hematopoietic cells, occurs [32].
The most effective form of therapy remains intensive chemotherapy with or without allogeneic
hematopoietic stem cell transplantation (HSCT), a treatment approach with classically high
treatment-related morbidity for an elderly population [32,33]. Today's research focuses on the
idea of targeted therapy, which would focus on cellular transmission, apoptosis, and the
interaction of leukemic cells with the bone marrow lining [34]. Out of 925 trials, 23 A.M.L.

clinical trials have been launched in Poland [35].

Chronic lymphoid leukaemia (CLL)

Chronic lymphocytic leukaemia (CLL) is a B cell chronic lymphoproliferative disorder
and is characterized by a progressive accumulation of functionally incompetent lymphocytes,
which are usually monoclonal in origin. CLL is an extremely heterogeneous disease, and most
patients have early-stage disease at the time of diagnosis. Therapy is indicated for patients with
"active disease” as manifested by advanced stage, high tumour burden, anaemia,
thrombocytopenia, or severe disease-related "B™ symptoms. There is no single agreed-upon
standard front-line treatment regimen for patients with symptomatic or advanced CLL. There
are several initial treatment options, and most have not been directly compared. While overall
survival rates with the different available regimens are similar, they differ in their complete
remission rates, time to progression, and associated toxicities. A choice between these therapies
is made based upon patient and disease characteristics and the goals of care [36, 37]. Despite
the availability of several treatment options, the heterogeneity of CLL still limits the ability to
eradicate the residual disease and prevent relapse [38]. Out of 484 trials, 33 CLL clinical trials

have been launched in Poland [39].

Multiple myeloma (MM)

Multiple myeloma (MM) is a plasma cell malignancy representing nearly 10% of all
hematological malignancies. Even though the treatment of newly diagnosed multiple myeloma
(NDMM), transplant-eligible (T.E.), and not transplant-eligible (N.T.E.) patients has
remarkably improved over the years and multiple treatments are available, the disease will
eventually relapse as MM remains not curable. Therefore, treating MM is a challenge, and
finding the appropriate strategy to increase survival is the key issue. Patients may experience
symptoms such as bone pain, features of chronic kidney disease, including acute renal failure.

Also, hypercalcemia and anaemia are observed in most patients. Palliative care is provided for
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patients undergoing active treatment and those whose further treatment has been abandoned
[40]. Out of 953 trials, 39 MM clinical trials have been launched in Poland [41].

Myelodysplastic syndromes (M.D.S.)

Myelodysplastic syndromes are the most common group of bone marrow malignancies,
mainly diagnosed in the elderly. Myelodysplastic syndromes (M.D.S.) are clonal hematopoietic
stem cell disorders characterized by ineffective erythropoiesis, dysplasia involving one or more
cell lineages, peripheral cytopenia. The diagnosis of M.D.S. should always be considered in
any case of prolonged cytopenia. In young patients, bone marrow transplantation should be
considered, while in older patients, qualification for symptomatic treatment is made. The
median O.S. for M.D.S. patients ranges from 6 to 54 months [42,43]. Out of 649 trials, 18
M.D.S. clinical trials have been launched in Poland [44].

Clinical trials in haematology in Poland

In order to determine at which sites and in which location in Poland clinical trials in
haematology are conducted, a summary data set was downloaded from the ClinicalTrials.gov
summary analysis (aact.ctti-clinicaltrials.org), which combines data from ClinicalTrials.gov
into an editable database. A script was created in the R package to extract the studies of interest.
Initially, the list of clinical trials was narrowed down to those with sites in Poland. Then, the
list was reduced to clinical trials in haematology; the list of diseases from the "Blood and Lymph
Conditions" category from the ClinicalTrials.gov website was used to extract those trials. In the
end, 276 clinical trials were obtained.

The distribution of locations of conducted trials on the map of Poland is highly diverse.
Clinical trials are registered in every province in Poland. The smallest number of clinical trials
is recorded in Lubuskie Province and the largest in Mazowieckie Province. There is a precise
concentration of research centers in provincial cities, to which medical universities and clinical
hospitals are subordinate. The largest number of studies is located in Warsaw. The five cities
in Poland with the highest number of registered research, apart from Warsaw, are Krakow,
Gdansk, Wroctaw, and £.6dz.

The main centers conducting clinical trials in Poland are academic units, teaching
hospitals, and university hospitals. At the top of this list is the Institute of Haematology and
Transfusiology in Warsaw. In addition to university institutions, locations conducting clinical

trials, but with a much smaller number of assigned trials, also include private centers
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specializing in directing clinical trials, private medical practices, and outpatient clinics. It shows
the uneven distribution of centers specialized in clinical trials in Poland. This creates unequal
access to treatment methods for patients and thus creates a privileged position for patients living

in larger cities.

Future perspective, a challenge for current medicine

Clinical trials investigating new therapy concepts are of high interest to patients with
severe and life-threatening conditions such as cancer. As mentioned in the section on
haematological diseases, most haematological malignancies have a poor prognosis for the
patient and are associated with a higher risk of death. Therefore, it is important to introduce
clinical trials in new hospital treatment centers to provide patients with greater possibilities and
potentially more effective than existing therapeutic methods. Unfortunately, there are only 276
open clinical trials in Poland in the field of haematology. Some of these trials are conducted in
more than one center. Therefore, the absolute value of different clinical trials is less than 276.
Nowadays, in Poland, it is conducted 103 different clinical trials in 21 different centers. They
mainly take place in large cities: academic units, teaching hospitals, and university hospitals.
This situation does not provide a balanced supply for all patients, regardless of where they live.

The distribution of clinical trials is also uneven across Europe. On average, Eastern
Europe has seen one-third fewer such trials than Western Europe, for example. For the same
period, phase Il clinical trials (all indications) were distributed relatively equally. Numerous
regulatory and legal barriers make the conduct of pan-European clinical trials challenging for
sponsors. Based on the E.U.'s principle on freedom of movement, participation in a clinical trial
abroad is theoretically possible. While there is no specific European legislation on the
facilitation of cross-border clinical trial participation, frameworks exist [45,46].

Another challenge to medicine in clinical trials is the disproportion between the age
groups that are qualified for testing the molecule and in the subsequent stages of its approval
for use. Available evidence indicates that enrolment rates in hematologic malignancy trials
remain low for older patients, particularly for those adults 75 years and older. As the median
age at diagnosis for most haematological malignancies is 65 years or older, and a significant
proportion of patients diagnosed are 75 years and older, new and current cancer therapies that
are approved are likely to be used in these patient groups. Biological and clinical differences

between older and younger adults and diversity within older patients necessitate adequate
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representation of the older subpopulation in hematologic malignancy trials. Older patients have
more comorbidities than the general population, which implicates different pharmacokinetics
and drug metabolism. It may result in a potentially higher risk of side effects in the older age
group. Representation of these patients in hematologic malignancy trials may increase our
knowledge about the treatment effects of cancer therapies in the older adult population.
However, several barriers to enrolment exist and extensive collaboration is required to
incorporate and evaluate the success of current strategies such as broadening eligibility criteria
to enhance enrolment of older adults with hematologic malignancies in clinical trials. These
approaches are needed to resolve residual uncertainties in the care of older adults with
hematologic malignancies. Greater popularity and availability of clinical trials will undoubtedly
contribute to more reliable test results and more precise indications [47].

One more challenge for modern medicine is the reasonable availability of interventions
proven to be useful during research trials. Medicines that are registered under the central
procedure are authorized in the E.U., but this does not mean that they are reimbursed by the
national health care systems of the E.U. Member States. As a result, the cost of selling the new
drug is extremely high due to the funds invested in its production and subsequent clinical trials.
Without reimbursement, the amount associated with purchasing a new drug often exceeds the
financial capacity of Polish citizens [25,48].

Clinical trials are an integral part of the development of modern medicine, without
which effective and personalized therapies cannot be developed. Thanks to the development of
science, many recommendations and restrictions have been created to protect the patient and
ensure that his health does not deteriorate due to the clinical trial. As a consequence of the
above, it should be considered that drug development to its national distribution is very
complicated and takes a long time. Therefore, despite the proven effective action of the drug,
patients often do not have access to it. This problem is addressed to national governments,
sponsors, pharmaceutical companies, and doctors, which could increase the availability of
effective drugs for patients in the future by informing patients about new therapies, conducting

an appropriate health policy, simplifying legislation and reimbursement.
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Introduction

In the era of the worldwide COVID-19 pandemic, education in Poland was faced with
the need to organize distance learning at all educational stages, including higher education.
Unfortunately, both the teaching staff and pupils, students, and listeners were not prepared for

this new educational situation.

Terminology

Distance learning is one of the forms of education. It is also referred to as "distance
education”, "distance teaching”, "distributed learning”," distributed education”, “remote
learning”, "remote education”, "remote teaching”, "online learning”, “e-learning”, "e-
education”, "e-teaching", "virtual education”, "telematic education™ [1-3]. However, these
terms have different meanings. The broadest of them is distance education, defined by Mirostaw
Kubiak as "a method of conducting the didactic process in conditions where teachers and pupils
(students) are distant from each other (sometimes significantly) and are not located in the same
place, using - in addition to traditional methods of communication - also modern, very modern
telecommunications technologies, e.g., sending voice, video, computer data and printed
materials. Modern technologies also enable direct real-time contact between the teacher and the
student via audio- or videoconferencing, regardless of the distance between them™ [2,4]. A
narrower concept is e-learning, considered as part of distance education, which uses all
available electronic media, such as the Internet, intranet, extranet, satellite links, audio and
video documents, interactive television [2,5]. It should be noted that distance learning is, in

fact, one of the methods of education, another form of organization of didactic processes, which
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enables teaching content to be directed to dispersed groups of students and does not require
direct, personal meetings between the teacher and students. Therefore, a teaching method
introduces indirect contact instead of direct contact between the learner (student) and the
teacher (professor). On the other hand, e-education is a set of tools enabling this process's
implementation and carrying out. They are to support the university, whose task is to shape
attitudes and competencies and support and strengthen the process of lifelong learning [6-8].

While the concept of distance learning may seem like a new term, it was first used
almost 100 years ago. In the beginning, it was of a correspondence nature, consisting in sending
back tasks that had been solved by students and sent earlier by the educational institution. In
the following years, such teaching was enriched with courses on audio and video cassettes.
There was also an educational radio and television. However, the real breakthrough in distance
education took place in the nineties with the discovery and spread of the Internet, which allowed
for the development of new possibilities of communication and interaction of the learning group
and close to traditional teaching, real contact of students with the teacher [9].

Distance learning applies to many aspects of learning. It can be one of the basic
methods of teaching, training and self-education, especially for adults. For teachers, including
academic teachers, it is a chance to raise and improve their professional qualifications
throughout their lives through the implementation of courses, trainings or classes as part of
postgraduate studies [10].

Advantages and disadvantages of distance learning

The advantages of distance learning include saving time and reducing training costs
by eliminating travel and accommodation expenses. In addition, by removing the time and
space barriers, this form of education allows many people to study, e.g., the disabled and all
those for whom access to the university for some reasons is difficult or impossible (e.g., women
dealing with raising children). It also enables individual management of the course of study and
flexibility in the education process (choosing the time, forms, and methods). Additionally, it
develops self-discipline and independence and shapes the organizational sense of students
[1,5,8-11].

Distance learning, unfortunately, is not free from disadvantages, including the lack of

direct teacher-student contact (depersonalization of education), the inability to learn all content
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diversified and expensive equipment, especially a computer connected to the Internet, the need

to use a computer, network and advanced programs dedicated to distance learning, and the lack

of a stimulating atmosphere for learning typical for a school or group [1,8,9,11].

Forms and methods of distance learning

The available literature distinguishes many forms and methods of distance learning,

and the division is made according to various criteria. Most often, four basic forms of teaching

are distinguished, and one of the division criteria is the time availability/mode of participation:

Synchronous learning

Synchronous learning takes place in real-time, allowing for real direct communication

between the teacher and students via electronic means of communication, e.g., chat, instant

messaging applications, tele- / videoconference, virtual whiteboard [5,12-15]. Examples of

instant messaging applications used in synchronous learning include the ZOOM or Microsoft

Teams applications.

Asynchronous learning

Asynchronous learning is not real-time. Instead, it consists in acquiring didactic

material by the learner without ongoing contact with the teacher. The means of communication
used include [5,8,12-15]:

e-mail,

discussion forum,

interactive multimedia courses,

simulations,

libraries of e-books and lectures recorded on video,
program tutorials,

broadly understood Internet sources (including the so-called search engines)

Self-education

Self-education, also referred to as individual education, is characterized by a complete

lack of contact between the participants of the didactic process. Tools similar to those in the
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asynchronous model are used here. However, the main difference is that the student himself

decides about the pace of learning and the subject of the courses [5].

Blended learning

Blended learning, otherwise known as hybrid or complementary, combines distance
learning and traditional learning [11,13-16]. In practice, it is the most common form of teaching
that seems to be the future of education, particularly in medical science.

The division into four generations of methods used in distance learning is also
commonly described, and the division criterion is the type of technique used. This division also

takes into account the historical approach.

First-generation distance learning system - correspondence model

In the first generation of education, teaching materials are mainly in paper form. In
addition to correspondence, scripts, and textbooks, printed materials and lessons broadcast by
radio are used. The correspondence model allows students to choose the time, place and pace
of learning freely. It lacks methods of student-teacher interaction. It was introduced in the 18th

century.

Second generation distance learning system - teleeducational model
Second-generation education uses audio and video communication, radio

broadcasting (1920), television broadcasting (1950), and audio and video conferencing.

Third generation distance learning system - multimedia model (1970)
In the third generation of education, printed materials and multimedia resources such
as audio and video cassettes/discs are used. This model also uses Computer Assisted Learning

(CAL, Computer-based training - CBT) as an interaction tool and interactive video.

Fourth-generation distance learning system - a virtual model

The fourth generation of education is based on the use of the Internet to provide
educational content as well as communication between teacher and student and between
students. This model is assumed by Computer Mediated Education (CME) and Web-based
training (WBT). Modern technologies and Internet services enable the use of high-quality

multimedia educational content and advanced interaction mechanisms.
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The fifth or even sixth generation distance learning system is being described more
and more often. These terms were created due to the evolution of Internet technologies to the
form of Web 2.0 and Web 3.0. They include, among others, computer simulations or virtual
reality 3D [6,12,17-20].

Other, less frequently distinguished types of methods and forms of distance learning,
depending on the adopted division criterion, are:

Division according to the student-teacher relationship:
e Courses with the teacher, e.g., in asynchronous or synchronous modes
e Courses without the teacher, but based on multimedia courses (programmed learning)
e Self-study, based on various types of information available in electronic form
Division according to the relation to traditional education:
e complementing traditional education
e replacing traditional education
Division according to the degree of formalization:
e "Formal” learning - closely related to the university's curriculum, structured, e.g. related
to the ECTS system
e Informal learning is an integral form of academic teaching, but developing and
appreciated more and more, complementing traditional classes [12].

Distance learning in medical education

In my opinion, the specificity of medical education and the nature of work in medical
professions prevent the introduction of complete distance learning. In this area of education,
direct contact between the teacher and the student, as well as the student and the patient, is
irreplaceable, as it allows to acquire practical skills and gain experience necessary in medical
science and the competences necessary to properly build the doctor-patient relationship, which
are the basis of the medical profession. Therefore, the saying of Cicero Usus est optimus
magister (practice is the best teacher) remains relevant [16].

The solution to this problem is blended learning combining elements of distance and
traditional education. In medical education, theoretical classes can be implemented as distance
learning in asynchronous or synchronous learning (lectures, seminars). After acquiring the

necessary knowledge, the student can effectively acquire practical skills in the traditional form
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(practical and clinical exercises). This form of teaching in medical education seems to have
several advantages over only traditional education. Medical sciences are one of the most
difficult, and their assimilation requires much time from the student. The implementation of
theoretical classes in a remote form allows you to save time for commuting, additionally
increases the comfort of teaching, because it eliminates long, often several hours breaks
between subsequent classes at the university, which requires the student to travel several times
in one day or wait for classes in unsuitable places (cafes, cloakrooms). Hospital departments
are also often unprepared to provide theoretical teaching in infrastructure, and blended
education does not have this problem. In addition, this teaching model allows you to focus
entirely on practical aspects during face-to-face activities with the teacher. Tools for remote
knowledge checking available on the market (e.g., Moodle platform, Testportal) allow for
immediate verification of knowledge and obtaining examination results and statistics, and in
the case of subjects in which exams take the "oral" form, they can be effectively carried out
using tools for videoconferences (e.g., ZOOM, Microsoft Teams).

Medical education does not only take place at the level of higher education. The
continuous progress of medical science and the constant discoveries mean that medics have to
educate themselves throughout their lives. E-learning allows scientists from all over the world
to exchange experiences without leaving home, which saves time and money. An important
advantage of e-learning is the possibility of obtaining knowledge from telemedicine databases
located in many places around the world and offering a collection of various information (such
as e.g., scientific publications, epidemiological or statistical data, etc.) in every field of medical
activity [13].

Additionally, telesurgery is becoming a new and interesting medical direction. This
term means performing remote surgeries via internet links using a remote-controlled surgical
robot. For example, in 2001, New York surgeons performed a successful gallbladder removal
operation on a 68-year-old female patient in an operating room in Strasbourg, France, 6,500 km
away. Because of such opportunities, it seems important to introduce this form of treatment into

the medical education program [21].

Distance learning in medical education in selected countries

The choice of the countries described in the paper results from the available literature.
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Bosnia and Herzegovina

Although Bosnia and Herzegovina is the penultimate country in Europe to use internet
technologies, the University of Sarajevo has made significant efforts to improve the low digital
literacy of the university and physicians. In October 2003, the University of Sarajevo started
distance learning by opening the University Distance Learning Center.

The first of the subjects realized within distance learning was the subject of medical
informatics. As part of the educational platform (www.e-learning.ba), 11 asynchronous lectures
were made available. Within the platform, in addition to materials, you can download and
upload: practical papers, seminars, information, recommended links, plans, and programs,
quizzes, schedule, recommended reading exam schedule, and exam results. The exam in the
subject is also carried out remotely using the tools available on the platform. Since 2002, at the
Medical faculty of the University of Sarajevo at Cathedra for Medical informatics, the project
entitled: "Possibilities of introducing distance learning in the medical curriculum™ was
approved by the Federal and the Cantonal Ministry of science and education, was carried out.
The project aimed to improve the education process in biomedical fields using modern methods,
methodologies, and information technologies, by the strategy and goals declared in the Bologna
Declaration. The Cathedra of medical informatics and the Cathedra of Family medicine at the
Medical Faculty of the University of Sarajevo began to use e-education as a standard way of
teaching medical students. Synchronous content delivery is difficult to achieve in medical
education without certain prerequisites required in the biomedical faculties of Bosnhia and
Herzegovina: high-speed internet connections, free access to computers, and computer skills of

students and teachers [22].

Jordan

In Jordan, before the COVID-19 pandemic, distance learning technologies were not
used in medical education. In May 2020, a cross-sectional survey based on a questionnaire was
conducted among final-year students (4-6 years) of all medical universities in Jordan aimed at
examining the situation of distance learning among medical students during their clinical years
and identifying possible challenges, limitations, satisfaction, and also their perspectives in this
way of teaching. Most of the remote classes were conducted in a synchronous form in the form
of live videoconferences (approx. 80%), previously recorded video materials were used less
frequently. Various platforms and applications were used to implement the classes, including

ZOOM (most often), Microsoft Teams, WhatsApp groups, Facebook groups, YouTube,
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Moodle, and Skype channels. The authors of the paper postulate that distance learning may
partially replace the traditional method of delivering theoretical but not clinical skills. They
believe that a blended approach (traditional and e-learning) will be most appropriate for future

medical training [23].

Pakistan

Most Pakistani medical schools still have not introduced information technology in
teaching medicine. Higher education organizations are reluctant to embrace modern trends in
medical education, and the concepts of distance learning, blended learning, and online courses
are not very popular in Pakistani medical schools. Many medical universities in the country
lack specialists in the field of information technology. As of 2017, only two medical schools
actively use distance learning through the Moodle platform. Only a few medical institutions

offer blended postgraduate courses using distance learning in Pakistan [24].

South Korea

According to a 2006 survey of Korean medical schools, only 6% offered some form
of online education. In addition, only 7 of the 41 medical schools in Korea replied that they
plan to use distance education in their curriculum. The main barrier would be the huge amount
of medical information that needs to be turned into e-learning content, which is an often
insurmountable difficulty for one person or institution. The situation has been confused by
increasing pressure on medical faculties to increase research and clinical productivity.
Additionally, the lack of support from the academic staff, especially in terms of budget and e-
learning staff, discouraged them from distance learning. In addition, medical faculty staff had
few professional development opportunities to deepen their understanding of distance learning
in medical education. Therefore, Korean medical schools faced serious challenges related to
the introduction of e-learning.

Accordingly, the Korean Consortium for e-Learning in Medical Education (e-
MedEdu) was established in 2007. Currently, 36 out of 40 Korean medical schools participate
in the consortium, which has grown from 25 schools since 2007. It was created to work together
to deliver high-quality online educational resources for medical schools across the country. This
e-learning strategy aims to improve the quality of medical education at the national level
by providing students with equal access to high-quality educational resources and supporting
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independent learning, thereby increasing the effectiveness and efficiency of developing online
educational resources by sharing the necessary resources between medical colleges. The
consortium also plans to make e-learning content available to medical schools in other
countries, involving more medical schools in the consortium and sharing e-learning content
developed by other institutions or consortia. The consortium is also researching and developing
effective online learning strategies for medical education, including interactive virtual patient
cases and other innovative pedagogical approaches using Web 2.0 technologies.

The consortium has developed a portal where lecturers and students associated with
partner schools have access to numerous educational resources (www.mededu.or.kr). The
website was opened to medical students in member schools in fall 2008. This e-learning portal
provides functions to create and publish various learning objects suitable for medical education,
including virtual patient cases, image banks, online quizzes, and videos. The learning facilities
developed by the consortium are primarily intended for self-study use by students. In addition,
faculty members can use online resources to complement their in-class teaching by referring to
the cases they talk about when giving lectures or by referencing materials for training

assignments [25].

India

In India, most of the distance learning activities carried out by medical college
students are limited to data searches for thesis and research work. The use of technology in
medical education in other areas is in its early stages. Two medical colleges (St. John's Hospital,
Bangalore, and Christian Medical College, Vellore) use the TUSK platform for distance
learning, especially to build support for their students to work in rural and neglected areas in
India by strengthening their learning effort. TUSK software includes syllabuses, slides, lecture
recordings (audio and video), class schedules, course assessments, section guides, quizzes and
case reports, grade books, and other resources provided by the faculty. Online Google groups
are used extensively by the Medical Council of India for training in medical subjects as part of
an annual medical education scholarship at ten nodal centers in India. A listserv is an e-learning
platform within the FAIMER fellowship run at various centers in India. Postgraduate students
also benefit from Internet broadcasts provided by professional organizations such as the Indian
Academy of Pediatrics. Edusat lectures are conducted daily for medical students in Punjab.
Despite these efforts, e-learning has reached very few medical schools [26].
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Liberia

In Liberia, medical education takes place at only one university - the College of Health
and Life Sciences (COHLS). In 2016-2017, e-learning solutions were implemented at the
university. The whole process was carried out in several stages. The initial stage was to identify
problems related to the implementation of distance learning. The main ones included: very
limited access to computers, no internet connection, power outages and a lack of information
technology skills. The next three stages included infrastructure implementation and workshops
to train teachers and students to use remote learning tools. Teaching was conducted in the form
of synchronous and asynchronous education [27].

Poland - own experience - first author's experience

In Poland, the popularization of distance learning in academic medical education was
forced by the epidemiological situation related to the COVID-19 pandemic. During my studies
at the Wroclaw Medical University in medicine, | encountered distance learning only once as a
student - it was a library training carried out as an optional subject.

During my third-cycle studies at the Doctoral School, | have experience with distance
learning, both from the perspective of the student and the teacher. Remote teaching in Poland
at medical universities is not systemically structured. The forms and tools for implementing
distance learning are determined individually by a specific university and sometimes differ
depending on the subject. Distance education at the Wroclaw Medical University is carried out
in the form of blended education in clinical subjects or only remote education in the case of
theoretical subjects and as part of third-cycle studies. Theoretical classes are carried out in the
form of synchronous, asynchronous, or self-education. The tools used to conduct the classes
include mainly applications that allow for videoconference - ZOOM, Microsoft Teams,
BigBlueButton Platform. The Moodle platform that allows conducting tests and clouds and e-
mail, which allow sending materials for asynchronous classes or self-education, are also used.

Remote learning in medical education is offered not only by universities but also by
private companies. Internet courses preparing graduates of medical universities for the state
examination allowing them to obtain the license to practice the profession of a doctor or dentist
are very popular. One of them is the “Wiecej niz LEK” course offered by Bethink,
which prepares medical graduates for LEK - Medical Final Examination (Lekarski Egzamin
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Koncowy). From 2019, | have the pleasure to be one of the moderators - content supervisors of
this course. The course consists of constantly updated presentations enriched with audio, video,
patient cases and open and closed control questions. Participants are under constant moderator's
care, thanks to which it is possible to dispel doubts that arise during the assimilation of the
material. Students receive a course plan with a timetable for implementing the lessons, which
greatly facilitates the preparation for the exam. Additionally, the course includes an
introductory course on practical learning and an album of mind maps. In 2020, due to the
COVID-19 pandemic and the lack of infrastructure necessary for distance learning at many
universities, as well as the overlap between the course material and the curriculum for the 6th
year of the medical faculty, several medical universities in Poland started cooperation with
Bethink and purchased access to the course for final year students - incl. Lazarski University in
Warsaw, Medical University of Warsaw, Zielona Géra, Medical University of Bialystok.

One of the important elements of medical education is self-study. In order to get
acquainted with the latest medical achievements, it is worth referring to international literature
and foreign websites dedicated to medics, containing current guidelines, scientific publications,
medical films, or a database of imaging test results. Examples of tools used by me are the
websites:

e https://medtube.pl - online training platform containing videos, courses, images,
webinars, documents

e https://radiopaedia.org — international encyclopedia of radiology

e https://scholar.google.com, https://pubmed.ncbi.nlm.nih.gov — scientific publication
search engines

e https://www.medscape.com, https://www.uptodate.com/home - databases addressed to
clinicians and students containing information on pathological conditions and

guidelines for conduct based on the principles of EBM (Evidence Based Medicine)

Summary

In summary, distance learning as part of hybrid education can be an effective tool
used in medical education. Because of the constant technological progress, widespread access
to computers and the Internet, and the growing number of applications adapted to conducting

distance learning, it seems likely that distance education will become a common form of
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systemic solutions aimed at structuring distance learning based on legal regulations. It is also

necessary to conduct intensive training of academic staff in e-learning to use the available tools

most effectively. It is also necessary to create a dedicated department within the university

structure responsible for the technical aspect of distance learning so that lecturers can fully

focus on the teaching process.
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Family and its role

As the most crucial educational element, the family is responsible for forming a person
from an early age until death.

In the literature on the subject [1,2,3], the functions of the family are closely related
to its structure. According to Tyszka [3], they are "a reflection of family life in various forms.
For example, the foundations that regulate its life and how a given family is maintained or
maintained are a multigenerational family or small family. In the modern family, after Ziemska
[4], the function of meeting psychosocial needs comes to the fore.

Field [5] distinguishes five types of families: correct (based on a loving marriage,
creating a harmonious whole, with sincere and open communication, resolving, in a manner
respecting one's own and spouse's dignity, conflicts immediately after they arise); power (rules
are put before interpersonal relations and feelings, it is dominated by strictness in relations, and
its members often feel lonely); overprotective (parents live and devote themselves to their
children, and their own needs and development fall into the background); chaotic (without
bonds, with constant conflicts, brawls, and aggression) and entangled (parents use children to
meet their own needs and very often one of the parents manipulates the children).

On the other hand, Kavula [6] distinguishes between a small family (nuclear -
including children, parents, and sometimes grandparents living together and running a typical
household) and large (including distant relatives, or at least relatives in a straight line up to the
third generation).

Each family should behave by the family homeostasis strategy to maintain balance
and stability in mutual relations. When this balance is threatened by destabilization, all family
members should act in concert to preserve it. The importance of the role of the family increases

more in the event of the disease of its member.
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Disease and sickness phases

In the literature, following Bak-Sosnowska [7], several ways are mentioned to react to
an unsuccessful diagnosis/disease. It may be a denial of the diagnosis, diminishing
(acknowledging the diagnosis but minimizing it, finding a rational explanation for the
symptoms that appear), exaggerating (excessive concentration on symptoms, and acceptance of
the diagnosis [7].

According to Konda$ [8] the patient's attitudes towards ill include rejecting and anxiety.
In turn, Makselon [9] distinguishes three types of attitudes: accepting, imaginary, and hope
(disposition for long-term recommendation in overcoming the disease, mobilization to be
active).

In the experiences of the patient and the family, Klbler-Ross distinguishes several
periods/phases after obtaining information about the disease [10]:

e denial and isolation - human defensive reaction, which over time may weaken and
transform into an attempt to distort reality

« phase of anger - a sick person is full of irritability towards the family and medical staff
for insufficient care,

« the third phase is bargaining, reflecting on the disease and one's surroundings, the
tendency to take action in the hope that he will recover, for this purpose, e.g, he
negotiates with a doctor and God, makes promises

« the fourth phase is depression - depressed mood, patients, cry, talk about suicide, are
desperate, sad, feel useless, feel a significant loss, e.g., due to deformation of the body,
guilt, reading the disease as a punishment for mistakes, the appearance of fatigue with
illness, silence, unlimited sadness, isolation from the environment, not making contact
with other patients
the fifth and last phase - accepting fate and calmly accepting it; the sick person needs a
lot of sleep, he is overwhelmed by resignation and hopelessness, but he is free from
rebellion and depression. At this stage, the family often needs more support than the
sick person.

The Kibler-Ross theory has had a significant impact on the mindsets of doctors,
psychologists, nurses, and social workers, as well as patients and their families. In later studies
by other authors, it turned out, however, that not all patients underwent the described five phases

of adaptation to the death-threatening neoplastic disease [11, 12].
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Taylor, in turn, proposed a different division of the processes taking place in the
human psyche under the burden of cancer, the so-called theory of cognitive adaptation,
according to which a person adapts to the threat of disease according to three phases [13]:

e searching for the meaning of the disease

e attempting to regain at least partial control over the threatening situation or the alleged
cause of it;

e recovery of self-esteem, which is often done through the ‘compare down' method.

Unfortunately, studies by other authors also did not confirm the universality of the
phases of the cognitive adaptation model in patients with the severe somatic disease [14].

Currently, the situation of a cancer patient and, indirectly, his family is described by
two theoretical models [14]:

e the psychological model of stress, proposed by Lazarus and Folkman - the basis for
understanding the interaction between disease and the human body as a biopsychosocial
unit,

e coping with the disease - understood as a dynamic process, consisting of specific
strategies and individual style, understood as multidimensional and universal, and a
particular form of adaptation to a stressful situation.

According to Kozak [15], dealing with cancer begins with noticing the first disturbing
symptoms associated with making new decisions. Quick contact with the doctor is essential
here, which can be different in practice. Sometimes how quickly this contact occurs depends
on the interpretation of the symptoms, which may be disrespectful (e.g., bleeding or delaying
to a doctor") [15].

A significant problem for the patient and his family is procrastination with diagnosis
(the period between the first noticeable signs of the disease and the following medical
consultation) [16]. In literature, [16], the following stages of procrastination are distinguished:

e appraisal delay - most of the time, delay in cancer diagnosis associated with the
difficulty of assessing the severity of the observed symptoms and being able to cope
with their consequences;

e illness delay - the number of days from a person declaring he or she is ill to the day he
or she decides to seek medical attention

e Dbehavioral delay - the number of days (months, years) between the decision to seek
medical help and the moment of updating this decision by going to the doctor

e scheduling delay refers to taking personal action on medical advice obtained
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The literature emphasizes that the stage of diagnosis of the disease (from noticing
lesions to the time of reporting to the doctor, undertaking tests to confirm the presence of the
tumor, making the diagnosis) is characterized by a significant disturbance of mental balance
(anxiety, disorientation, anger appear), caused by a sense of threat, uncertainty about the future
and anticipating the possibility of a bad prognosis) [15].

The experienced phase of acute distress usually ends after 7-14 days, when the
patient's attention shifts to planning the treatment [16]. During this period, family members
may have divergent thoughts - on the one hand, an attempt to understand the patient's fear and
pain, and on the other, a desire to escape from the existing problems and the patient himself.
Too much information obtained in this period may be the reason for overloading even the
strongest and healthiest person [3]. There may be intrusive thoughts about one's mortality,
obsessive thoughts about the need to regulate different life or financial matters [2].

The treatment stage is a very stressful period for the whole family. This a period of
great tension, often manifested by difficulties in falling asleep, fatigue after waking up,
uncertainty and unpredictability of the disease itself, especially therapy, but at the same time
the time when hope for recovery and coping with the disease crisis appears [15].

During this period, the awareness of family members becomes more and more
sensitive to the patient's needs. There is rapprochement and emotional support and accepting
the patient's feelings, even those unacceptable. Occasionally, however, healthy family members
may develop over-fusion with the patient, which a blurring of family boundaries may
accompany. In turn, the patient may develop emotional lability (from pessimistic predictions to
euphoric plans for the future). The caring family member must then be careful because the
patient's optimism can often be easily quenched with an inappropriate word, behavior, or
misunderstanding of the intention [1,2,3,4].

The so-called seemingly paradoxical anxiety may accompany the end of treatment
because patients become worried about the lack of frequent visits to the doctor or less frequent
monitoring of their Health. There is a fear of losing protection and safety, which gave them the
previous treatment and the fear of the possibility of relapse [14].

The stage of disease remission is the recovery of the patient and family members to
their former social roles [4, 17,18]. Quite often in the patient, there is the so-called Damocles
syndrome, i.e., constant vigilance and self-control, obsessively recurring thoughts about cancer,
persistent fear of relapse, increasing before the follow-up examination. However, after
reevaluating his goals and aspirations, the recovered person often experiences a new joy in life.

The patient becomes more active. Family members, in turn, are either accepting and supporting
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or criticizing the patient, staff, friends, or other family members or forcing the patient to revert
to pre-disease roles and behaviors fully. They may not accept the current state, avoid being
alone with the healer, run away to work, or other out-of-home duties, and this may cause
conflicts [4, 17,18].

To sum up, it should be emphasized that although the differentiation of the individual
phases of the disease and the treatment process is of great clinical and therapeutic importance.
It enables understanding the situation and the needs of the patient and his family. Cancer is a
challenge that comes with patients' physical, psychological and social problems and their
families.

The influence of the disease on the functioning of the family

The cancer experience is a state of deep psychological crisis, both for the patient and
his family, which manifests itself in cognitive, behavioral, and emotional levels.

Cancer disrupts the functioning of the family, changes not only the patient's life but
also the entire system. Whether its members will overcome the crisis and move to the next stage
depends on whether they will accept the changes taking place and whether they will create
realistic attitudes [19]. Regardless of the patient's age, the disease is an existential experience
of particular importance for the entire family system. It causes changes in all family members'
thinking, goals, values, mood, activity, and mental state. However, these specific changes
depending on the phase of the disease and its treatment [20].

The American psychologist Allport defined a crisis as "situations of emotional and
mental stress that require a change of perspective but quickly. Importantly, these changes in
perspective entail changes in the personality structure, which in turn can be progressive or
regressive” [21]. The above definition specifies that a person in a state of crisis cannot use the
current coping methods with stress under the influence of a traumatic event. These methods
become ineffective, insufficient, and ineffective. This situation leads to the development of new
adaptive methods [22, 23],

The mental crisis of a person who has cancer and his family, also experiencing it, is
characterized by specific dynamics and stages [22,23]. Each of the successive stages allows
you to adapt to a new situation, and at each level, you can distinguish individual reactions

depending on the defense mechanisms used. They can be defined as an unconscious mental
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activity involving experience and action. Defense mechanisms are common to all people; they
do not depend on age, gender, or health condition. Their role is to maintain a sense of security
and falsify the image of the surrounding reality and themselves. The primary purpose of the
existence of defense mechanisms is to avoid mental pain, reduce the intensity of unpleasant
feelings, and maintain self-esteem [22,23].

A characteristic feature of a family with cancer is the increase in cohesion and
closeness, increasing emotional distance to people outside the family environment [24, 25].

Families struggling with cancer show limited communication, suppressing emotional
animosities and conflicts during a disease crisis. Confrontations are avoided. Once you accept
all the cunning changes and address them appropriately, family communication can be enriched,
and the whole family can come closer together. The whole family's attention is focused on the
sick person, who becomes the most important entity in the family. The family's strength is on
maintaining homeostasis; however, even a single change may increase instability and cause an
additional psychological burden to the whole family [26, 27].

All forms of family reorganization are carried out to cope with the new situation [22,
28]. The changes cover all fields of family functioning, both in the emotional, socialization, and
material-securing dimensions. Unfortunately, overload and excess of duties accumulate,
burdensome fatigue and lack of time to rest, and the professional responsibilities performed so
far are disturbed, or a decision is made to resign from work [29].

Regardless of when the family learns about the cancer of a family member, such
information evokes in all its [30] members: fear, fear, shock, guilt, rebellion and anger directed
at oneself, God and the medical staff, despair and helplessness that could lead to depressive
withdrawal from any activity and resulting in surrendering to the course of events. The effect
of strong stressors and the lack of effective compensation mechanisms may result in the
development of post-traumatic stress disorder [31, 32].

Depression and distress are other severe mental and diseased mental injuries. Cancer
distress is an "unpleasant psychological, social, and spiritual experience™ and can vary in
severity and severity throughout the treatment process. In healthy family members, the
diagnosis of depression should be based on the classic principles of diagnosing this disease
entity. In contrast, in the case of a patient, the diagnosis should be based primarily on
psychological symptoms, i.e., low mood, loss of self-esteem, the emergence of a sense of
hopelessness, helplessness, worthlessness, and anhedonia [ 31, 32].

Two types of changes can occur in families with cancer [20, 33]:
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e The first type is related to the increased need for experiencing cohesion/closeness, the
disappearance of spatial, temporal, and barriers between family members, increasing their
emotional distance to people from outside and those outside the family environment

e The second type may be associated with demonstrating hostility, rejecting the sick person,
dividing families, maintaining only good external relationships (keeping the appearance
that everything is ok), breaking up families, increasing the feeling of insecurity, and
additional burdens the family.

According to Taranowicz [34], how the family deals with the situation depends on the
resources at its disposal, including:

« material (income, housing conditions), cultural (knowledge, skills, behavior patterns,
system of values and norms)

« time (time devoted directly to a disabled person, without prejudice to other areas of
activity)

« human (family size, age of family members, their health and fitness)

« ability to support social support.

The diagnosis of cancer in one of the partners, especially when the sick partner enters
the period requiring palliative care, may cause an intense crisis, especially in married couples
with a short period of service [35].

Young partners are not fully consolidated and separated from their parents. In such
cases, it is more likely that the marriage will break up and return to dependence on parents,
siblings, with the separation or exclusion of a healthy partner. There may also be a conflict
between partners and their parents. Therefore, delicacy, tact, and wisdom are required on the
family, especially parents. On the other hand, in families with a more extended experience,
family problems may be somatic and psychological. Patients may hide their issues in the form
of indifference or lack of affection towards their partner, so partners must learn tact, delicacy,
and mutual understanding. At the beginning of the disease, try to adjust the lifestyle to the sick
person's needs, and in the chronic period to an increasing extent, take into account one's needs
[35].

Attempts to repair family relationships (planning new purchases, having children,
career development) are often undertaken in periods of cancer remission or rehabilitation, but
unfortunately, may be marked by the already mentioned "Damocles sword syndrome” [20, 35].

Unfortunately, in this family of patients, fear of relapse, sexual disorders, decreased
self-esteem, depressive disorders, and even suicidal thoughts may appear, which requires

support from relatives and psychological help [20, 35].
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It happens that, despite the oncological treatment, the disease does not give up; it
returns. Then in the family, the struggle for the patient and her previous experiences begin anew
[20, 35],

Even more significant changes occur in the family than before, usually negative ones,
concerning materials, emotional and communication problems, and relations with extended
family, friends, acquaintances, and neighbors. The stability of the family system may also break
down, depression, anxiety, suicidal thoughts, resignation from social roles, and emotional
burnout may develop [20, 35]

Family members often feel loneliness, a sense of loss, fear of the patient's death, and
concern for him to suffer as little as possible. In some families, the first talks about death take
place at this stage [20].

The disease enters the terminal period, causes another breakdown of the stability of
the family system, the necessity to say goodbye to the dying person before talking about death
and mourning to the members. The family is accompanied by loneliness, a sense of loss, fear
of the patient's death, and concern for him to suffer as little as possible. In some families, the
first talks about death take place in this phase [20, 25, 35]

The period of mourning and the possibility of releasing the pain after the loss are no
less difficult. Without it, none of the family members will be ready to come out of the void after
death [36].

The influence of neoplastic disease on the functioning of children in the

family

A population study by Huizing et al. [37,38] showed that about 2.8 million children
live in the USA with parents diagnosed with cancer. This fact justifies the purposefulness of
paying special attention to children in families with cancer disease. Parent's illness may create
educational problems and aggressive behavior [35].

Such a child should be provided with care, interest, and contact with peers because
confronting a severe illness of a family member may lead to temporary or permanent changes
in the life of children [35].

Research by Kennedy et al. [39] has shown that even young children (under 7) try to
find information about a parent's disease in various sources (leaflets, books, the Internet).

Huizing et al. [37, 38] that children in on average 11 years of age are already well-informed
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about the disease in the family and its consequences.

Children experience various difficulties depending on the phase of the disease of
a family member [20, 24, 35, 40, 41]:

e during the diagnosis phase, they are usually isolated from bad news, but even if they
do not know about the disease, they may feel tense and anxious, especially when the
parents do not have time to provide detailed explanations to the child. They may feel
rejected, and as a result, feel loneliness, weakened relationships with their parents, and
even destructive behavior. Children have weaker contact with medical staff; hence
they know less about the parent's disease, which also causes additional problems in
adapting to new conditions.

e during the treatment phase, they may notice both physical and emotional changes in
the parent. They experience anxiety, a sense of guilt for the disease, mood changes,
and feel anger for being abandoned, especially by a sick person, and moments
immediately after surgery are particularly stressful situations, after chemotherapy or
radiotherapy.

e in the remission phase of the disease, the child feels great joy, hopes that everything
will return to normal, that he will be able to take care of his affairs, returns to his group
of friends

e at the end of life, it is essential to prepare the child for the death of the parent, as he
feels that the situation is bad, but the child's age must be taken into account in this
respect, which determines the possibility of understanding death.

The child's approach to the disease in the family is also affected by the child's age
[20,35]:

¢ in families with young children, the development of cancer may result in the loss of
the ability to assume the role of a parent

e in families with adolescents, there are psychosocial development of a teenager, may
rebel against the situation in the family, treat it as injustice and reject even a sick one

e Inadult children, cancer may also stop them from leaving the family system and delay
the developmental tasks of young people who need to become carers and helpers for
aging parents.

The studies conducted in children from 4 to 11 years of age from families with cancer
have shown that children may be more emotionally stimulating [41]. A may have more somatic

disorders [42], and on the other hand, that such children function better than their peers from
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families not burdened with disease [41].

On the other hand, in the case of adolescents, somatic symptoms appear more often
(headaches, abdominal pain, lack of appetite, difficulty falling asleep), and social functioning
usually does not differ from the disease presented by adolescents from families without the
disease [41, 42].

On the other hand, research by Wong et al. [43] showed that almost half of adolescents
having a parent with cancer experienced in some aspect greater recognition of life, positive
changes in health behavior, or more intimacy in social relationships.

It has also been shown that the daughters of people who have cancer have greater
emotional problems than the sons [38] and that the most significant psychological problems
were experienced by the children in the case of the mother's disease [44].

The functioning of children of families with cancer is also influenced by marital
satisfaction and positive family relationships - the better they are, the better the children endure
the new situation [43].

However, the parent's illness is also an opportunity to teach the child to care for the
dying person, pass on positive models to him, and transfer to his relationships with relatives in
the future [20, 35].

The role and functions of social support

The disease and the resulting hospitalizations result in limitations in the patient's current
lifestyle [45]. In the opinion of Deregowska [45], the hospital environment hinders the patient
every day, making him completely subordinated to the decisions of medical staff, and the stress
resulting from the presence of the disease is exacerbated by hospital stress. Therefore, a patient
treated for a neoplastic disease requires comprehensive rehabilitation, including somatic and
mental areas, to support the patient [45].

Working through the problem of the disease and the related requirements can only be
achieved through a long and multi-stage mental process, the so-called coping process. This
process should be understood as "cognitive, emotional and behavioral actions undertaken by
both the individual and the whole family to meet all the demands of the disease and the
treatment process” [47].

It occurs both during and after treatment, but for it to proceed as smoothly as possible,

it is necessary to support the patient and his family [47]. When cancer is diagnosed, the need
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for social support grows suddenly [47, 48].

The Medallion care model [49], assuming that the patient's family has several tasks to
perform, such as:

e emotional support of the patient

e adaptation to the range of therapeutic actions that need to be performed in combating
the disease or its effects.

e understanding by other family members of the disease

e learning how to prevent flare-ups of disease symptoms - relapses

e maintaining and carefully cultivating, as much as possible, customs, holidays, and
family rituals, if possible, with the participation of people from outside the strict family
system, so that the patient does not feel rejected

o the ability to engage external influences when needed and the accompanying ability to
transform one's internal structure.

Providing support should have a positive impact on removing the problem as quickly
as possible. It should prepare the supported person to deal with similar situations independently
in the future [49, 50]. However, it cannot be forgotten that the essential elements of adequate
support are the helper's skills and personality.

Such a person should be empathetic, aware of his system of values, clear ethical
principles, interest in social matters, and a sense of responsibility for others. The ability to listen
to the other person and establish interpersonal contacts is also invaluable [47, 48].

Social support is defined as resources that are provided to an individual through
interactions with other people. The aim is to reduce stress or psychological crisis by exchanging
emotions, accompaniment, a sense of security, hope, a sense of belonging, and bringing closer
overcoming the crisis and solving existing problems [50, 51].

Providing support to patients and their families should start as soon as possible [52].
A friendly atmosphere should be created around them, full of trust, conducive to establishing
relationships and making difficult decisions. A perfect relationship includes an attitude of
respect, honesty, and cooperation of the entire medical team, positively impacting the other
elements of therapeutic management during medical and nursing interventions [52, 53].

The beneficial relationship between coping with complex (crisis) situations and social
support is explained by two models [54, 55]:

e main effect model - describes the importance of ties, relationships, and social networks.

According to its assumptions, the very belonging to a specific social structure increases

389



Functioning of the family of a patient with neoplastic disease

the level of the quality of life and is also a source of a sense of stability, predictability,
positive experiences, emotions and fosters a sense of security.

e the buffer model defines the role of support as a buffer against the destructive
consequences of stress. It causes a change in beliefs about one's skills, an increase in
awareness of one's abilities, and beliefs about one's effectiveness.

Langford et al. [56] and Hupcey [57] distinguish several types of support:

e structural - defined as an objectively existing social network in the environment of an
individual, consisting of informal and possible sources of help, in which the person or
persons who are potential recipients of support is embedded, constituting the basis
through which the support process may take place

e functional - refers to the function and quality of social interaction in which at least two
people participate. The support process takes place, that is, the transferor exchange of
various types of resources. support process

e instrumental - consisting in providing information or instructions on specific ways of
proceeding in a particular situation

e emotional - soothing negative feelings, releasing a sense of hope, improving self-
esteem and well-being

e informational - allowing for a better understanding and assessment of a crisis

material - being specific material and financial aid

e spiritual - relating to the sphere of meaning and spirit, relieving suffering and pain
associated with, for example, illness

e perceived - being the beliefs of the individual regarding the availability of support

e received - measured objectively or estimated based on the relationship of the person
to whom it is directed.

Kahn and Antonucci, following Pommersbach [58], divide supportive behavior into
three groups:

e expressing caring and emotional closeness

e providing information on the correctness of the actions taken

e availability of time, effort, and money assistance.

Wills, after Pommersbach [58], distinguishes between support:

e supporting self-esteem - comparable to emotional support because the presence of

close people and experiencing acceptance counteracts the adverse effects of stress, and

maintaining self-esteem is one of the functions of social support
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e prestigious - because the supporting properties of social bonds may result from the very
fact of their existence
informational - providing information, advice, and expressing judgment in conflict
situations

e instrumental - providing help in solving complex life tasks, may take the form of
borrowing money or goods

e social intercourse is one of the forms of coping with stress through participation in
various forms of social life, e.g., concerts, meetings, going to the cinema, theater, and
participation in tourist and sports events.

e motivational - it is of particular importance for people who find themselves in a difficult
situation, which has a chronic form; it encourages and motivates the subject to persevere
in efforts to eliminate the problem or improve their condition significantly.

According to Kawula [6], there are five levels of social support, which can be one-
sided or two-sided and permanent or changeable: emotional, evaluative, instrumental,
informative, and spiritual

Therefore, for example, social support seems to take place in various situations and
phases of human life, and activities supporting it in four basic systems [6]:

e human-human (family, peer, neighborly, professional, friends relationships)

e human-group (own family, associations, neighborhood and local environments,
churches, sub-cultural groups, support groups)

e people - institutions (institutions of assistance and legal, medical and social advice,
service and educational institutions, institutions of broadly understood social policy,
local government and self-help institutions)

e human - broader systems (including relations of the commune, city or its district, the
region of residence, ethnic and cultural region, regional, national, and international
organizations and associations).

Kawczynska-Butrym [59] mentions information, emotional, material (material and
financial) support, and the provision of services and development that concerns children and
may initially shape psychomotor skills and then in focusing interests and equalizing educational
opportunities.

On the other hand, Karwowska [60] distinguishes preventive and educational,
compensatory, psychological and pedagogical, rescue, informative and spiritual as well as

professional (doctors, psychologists, lawyers, etc.), non-professional (provided as part of
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informal assistance), self-help support (groups of parents of children with based on support
groups) and through volunteering.

Maciarz [61] describes psychoemotional support, care and educational support, social
support, and rehabilitation support.

In the environment of the patient and his family, there are generally specific groups of
social support, such as family, friends, acquaintances, teachers, clergy, doctors, nurses [47].

Natural reference groups should first provide support, i.e., family, friends, neighbors,
peers. Still, it is also essential that people in need have the opportunity to benefit from
professional help provided by both governmental and local government institutions and medical
professionals, with whom the family and the patient have constant contact during the treatment
process [46, 62, 63].

Currently, most oncology departments offer psychologists who support challenging
moments of conveying the news about cancer diagnosis and being a support during a crisis or
a moment of doubt. Non-profit institutions established by civil society in associations,
foundations, support groups, or self-help groups also play an increasingly important role. Each
group mentioned may focus on providing a different type of support in the psychoemotional or
social-service field [50, 62, 63].

Conclusions

There is no routine psychological care in modern care for patients with oncological
problems, especially for children. However, psychological intervention can significantly help
the patient and his family and the entire medical team be better involved in the treatment
process. Asarule, itis assumed that a sick person experiences the most changes in functioning
in chronic disease, and the family, which is also "ill" together, is forgotten. The lack of
psychological and educational counseling and support from oncological institutions concerns
various areas, especially fighting the disease or the ability to talk to children about their disease.
After being diagnosed with a cancer problem in a family member, young family members
should immediately undergo intervention to reduce the impact of stressful situations. Such help
plays an essential role in providing support and strengthening in coping with a chronic disease

situation.
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